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ABSTRACT

v

€y

This thesis examines alternate forecasting models used for land use

planning and dévelops a new approach. *Bdmonton Regzonal Plan was used

as a case study. A review of s f M,\,}iéated (1) the requirements of
:' I\’“ ':.”.)b "w 1 )

a land use model in the reqidh&ﬁ' ”72) the weaknesses of present ./

land use forecasting approaches in the region. The major weaknesses of the
0

regional plan s_approach was the lack of a reliable forecast1nq model and
the 1nab1]1ty to determine the efficient al]ocat1on of land., The latter is .
an important deficiency given that the efficient allocation of land is the
primary responsibility of any regional land use plan. o

A broad rangé oflland use models were_réviewed”from tnewliterature.
Land use models concentrate more on the a]]ocafron of activities
(employment, population) to land uses in many zones within the region than
the generation (forecasting) of theae activities to the region as a whole.
Forecasting'actiyities.in a large number-of small zones a long time in the
future is ina¢curate. For th1s reason, 1t was argued that a macroeconom1c
model applied in a reglon was more slltable//concentrat1nq more on |
forecasting activities for the reg1on as a who]e. : "", Y
Based on the requirements of a regional plan and the inadequacies of
i

alternate land use model approaches a new technique was developed. The new \

approach is a combination of input-output and ligear programming. The

'input-output model forecasts activities. Then the linear programm1nq

formulation developed in the thesis determ1nes the optimal or, that is,

efficient allocation of land to uses. The recommendation was that the
model presented in general form be implenented for regional -land use

p]anning'jn Alberta.

vy - .




11 THE PLANNING PROCESS AND CURRENT PLAN REQUIREMBRTE RS
B ’é .

TABLE OF CONTENTS

CHAPTER o |
I INTRODUCTION & v s ne v v v o v v o e o v oo e o ee e e
1.1 Study Approach. . . . . . o L L h el e e e e e e e e e e

Foot"otes. L ¢ » « o . . c. s & 8 o e . LI ] « e s & .

2.1 The Planning Process. . . . . v o ¢ v o v v v v o 0 0.

2.2 The Edmonton Regional. Planning Ct‘)missi'on e e e e e

2.2.1 Model Description . . . . . e
2.2:2-The ERPC Model. . . . . . . R ¥
'2.2.3srma{~y.. ....... e S 1
2.3 The City Description and Model. . . . . . . . . . . . . BERY;
2.3.1"Resident1a1 T ¥
2.3.2 Industrial. . . . . ... ,18
2.3.3 Commercial, . . . .. .. 19
2.3.4 Growth Policy Options . . « . v v v v v v v o oi0 v . 20
2.3.5Summary . . . ... . .. 21
Footnotes. . . . . .. ... 23

II1 LAND USE MAL‘QDELSV. e e e e e .. . .25-85
3.1 The New Urban Economics . . . . . . . t e s s e e s s e e 27
3.1.1 Summary ......... a e e e e s e e e a e e e 30




IV

3.2 MilN'g Linear-Programming Mode! I NE SRR PRSPPI )
‘3.3 Simulation Land-Use Models. . . ; O 1
3.3.1 Spatial Interaction Models: The Lowry Model . . . . 35
3.3.1.1 The Theory. . . .Q R v
3.3.1.2The Modely . . . . . . ... e, .37

A 3.3 1.3 Summary ... oL e e 42

3.3.2 The Penn Jersey Model . . , . .. . . FECIREE e . .43
N

3.3.2.1 Summary ... L L L e e e 46

3.3.3 Massachusetts Institute of Technolagy Econometric

Simulation Model. . . . . . ., ... ... .. « « . . 46

3.3.4 Inter-Institutional poyicy Simulator. . . . ... .. 47

3.4 Sumary .. ... 50

Footnotes. . . . . . . ... ... . ..... . 53
REGIONMAL MACROECONOMIC MODELS. . . . . . . . . c e v 4 4 e+ . J56-90
4.1. A Review of Macroeconémic Frameworks. . . . . . . .. .. . 56 :

4.2 Structure of an I-O Mode) . . . . . ... ... v e e e 63

4.3 Linear Programming,“Opt1m12ation and Efficiencj B 4

4.4 Interregional I-O Models. . . ., . . . .. . . . ...... 75
4.4.1 Isard “Pure"'Interregional e e e e e e e e . . 76
4.4,2 Leontief "Balanced" Interregional. . . . . . . . .. 77

4.4.3 Models Dealing with Interregional Trade. < )

4.5 Applications. . . . . e e e e e e e e e 82

4.6 Summary . -. e e e e e e e e e e e, s e e v . .85

Footnotes. . . . . .. .. ... e e e e e e .. .86
(vii)




Bt S i o TR

V. INPUT-QUTPUT AND LINEAR PFOGRAMHJNGAAPPLICAfIDﬁS TO LAND USE . .91-117
5.1 1-0 Land Use Adaptions. . . . . ... ... .....,..9
5.1.1 Flows of Rental Space. + . « . « + v v o o v o ovu 4 92
5.{.2 Land Input Rows. . . . . . . . . .. .. P 14
5.2 Line&h\?rogramqing Land’Use Planning Applications . . . . . 93
5.2.1 ftost Minimization. . . . . . . . .. .. .. ... .95

5§.2.2 Profit Maximization. . . . . . ... ... ce e . .97

5.3 A New Approach. . . . . . .. . e e e e e 99

_Footnotes. .f?? ........ T e e e e e e e e e e e e .. 115

A

VI CONCLUSIONS AND RECOMMENDATIONS. . . . . . . . e e . .118-124

Footnotes. . . . . .. e e e e e e e e e e e e e e e e e e e 124
BIBLIOGRAPHY. . . . . . . . . . i i e it e s e e e e e e e e 125-131
APPENDIX A. . . . . e e e e e e s e e .. .132-134

APPENDIX B. o v v v v v v v e e e e e ... 135
APPENDIX C. . . . . . .. .. e e e i e e e e e e e e e e e 136-137

(viii)




~.

CHAPTER 1
INTRODUCTION

The decade of the 1970s was one of rapid yrowth for Alberta. The
need to plan and supply infrastructure to areas within the region was a
major concern to the regional and municipal gove;nments; As the growth
prospects continue, and to meet this need to plan, the Proyincial
Government, via "The Planning Act, 197}," requires each of the pro-
vince's eight regions to adopt a regional plan on or before December 31,
1982.1 For this thesis, thélEdmonton Region will be used as a par-
ticular example of a region in the province.2

The statutory requirements of a regional plan are that it:

(a) Sﬁa]l provide for the present and future land use and develop-
ment of the planning region, and

(b) May regulate and control the use and development of land in
the planning region.3 .
" Also, once the plan is ratified by the minister, a local goyernment can
not take any action or make any authorization that is inconsistent with
the p]an.4 This includes conformity of statutory plans (which in-
cludes general plans), replotting schemes and land use by-laws to re-

gional p]an$.5 The plan is, therefore, a policy document which deter-

miijj/ﬁyé permitted uses of land in a region.

-1-
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The objective of the “"Edmonton Regiona) Plan, 1979* {s:

The objectives and policies of the Plan are essentially oriented.
toward optimum land allocation and towards the attaining of desirable
and compatible land use relationship with restpect to the type, location
and density of development. Non-spatial considerations, such as
economic and social linkages, behavioural patterns and the tiz;ng of
development, have been considered but not fully integrated into the
policies of the Plan. The Commission will continue its research and
analysis into these and other determinants of regfonal development. As
these regearch efforts materialize, the Plan will be updated and
revised.

The Commission, therefore, sees the plan design function as determining
optimal land uses in the region. This is consistent with the general view
of the planning design function; that is,

The land use plan design function consists essentially of the
allocation of a scarce resource, land, between competing and oftenfw“
conflicting land use activities.’ '

From a planning perspective this:

...function is needed to satisfy the aggregate needs for each land
use and compby with all the design standards (derived from the
objectives).

The above statements on plan design function implicitay assume planning is,
necessary for optimal land allocation. That is to say, if the "market" had
the sole land allocation function, then not all socialﬁconsiderations would
be included; and because of market imperfections, land would be allocated
inefficiently. This question of the efficiency of the market is not
directly approached and discussed in this thesis. This is a‘theoretical
question. The concern here has more of a practical nature. Land use
planning is firmly entrenched in Alberta's political-administrative

system. Planning determines land uses before the final market allocation.
It must perceive the market needs in the future and allocate land based on
efficiency today. The concerh in this thesis is with this plan deéign

function.

- As will be shown below, planners in the Edmonton Region use mostly
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staff judgements, rules of thumb and trepds, Any efficiency criterion used

#

in the allocation ts qualitative and arditrary. Economists have tools that
wial determine officient allocation of resources. The efficiency criterion

can be articulated and empirically evaluated. From this, optimal amounts

of land uses can be determined. The objective of this thesis is to

recommend a land use planning model at the regional and provincial level
that will assist a4 region in making 4 regional plan. The model, as such,
would make forecasts of growth and allocate the qgrowth to land uses based

on the efficient use of the resource.

1.1 Study Approach

This thesis does not ,start, as in typiéal apbroaches. with the focus
of comparing and analyzing related theories or by extending and testing.or
applying a particular theory. Rather, it starts with a problem and focuses
on reggmmending the most "usefLI“ land demand forecasting model planners
can use at the reqional or the Provincial level. The Edmonton Region was
used as the case study. )

Chapter I1 discusses the context of this problem; in particular
planning in general, and the description and requiremengs of the Edmonton
Regional Plan and the City of Edmonton General Plan. Section 2.1 gives a
descriptiqn and tﬁeoretical foundation of land use planning. Further, the
importance of a “plan” to this planning process is discussed. The section
ends by giving a brief description of the context .and purpose of each plan
level in the Edmonton region. Section 2.2. and Seétion 2.3 describe,
illustrape and criticize the forecasting techniques used in the Edmonton

>
¥
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Reg1ona1 P]an and C1ﬁy of Edmonton General Plan, reSpect1ve]y. Thempurpose

a

of these’ latter sect1ons is to illustrate the present practices in

’ forecasting, and also 1dent1fy the needs of a reg1onal plan that a plan '
4 design model should satisfy. ‘

 Chapter III analyzes a number of ]and use mode]s that cou]d be used in-

Y

the regional plan.' The models were chosen prxmarlly because they have been
app]led or have the- potent1a1 to he appl1ed = This chapter concludes that
land use models, per.se, are not the "best" modell1ng approach to assist'
the planner 1n the1r p]an des1gn function, Land use mode]s are

d1fferentiate from macroeconom1c models app]1ed to the region by the

former emphasNzing growth allocat1on.
’ Chapter IV starts out, in Sect1on 4.1, by reviewing the classic
‘macroeconomic mode]s as applied to a reglon. Without any constraints on

—

research funds, the_1nput—output technmque (I-0) was deemed the most

Ks@%table. §ecti0n 4.? exp1ains the structure of an [-0 table and its use

in'foreCasting.. Sectlon 4 3 exp1a1ns the re]at1onsh1p of 11near
programming; opt1m1zat1on and efficiency. Sect1on 4.4, br1ef1y d1scusses
1nterreglona1 1-0 mode1s. It nas inc]uded‘because of the pbticy and impact
appllcat1ons in a system of reg1ons. Section‘4.5 demonstrates the
appl1cat1ons and,’ thus, usefulness of an I1-0 model.

Chapter V discusses I-0 models and optlm]zat1on techn1ques as app11ed

to land use planning. The I-0 model can be used in the pos1t1ve sense hy

' forecasting activities (population, employment) and,attaChing land use

parameters to the activity forecasts. This approach is discussed in
Section 5.1. Or, the I1-0 model's information can be used with a linear
pnogramming'framework in a normative sense. That is, the optimal amount of

each land use can be determined. 1In Section 5.2 a technique is developed

SRR ot
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where this normatiyé planning function can e achieved. In practice, both
'«apprpaches would be used giving the recommerded fOrecas;ihg approach a

qUaSi“two step format. The first step woul be to use the I-0 in af‘k

'éensjtivity'analysis to determine the most probable state of the world.
The actiyfties or, that is, the land uses r quired by the mosf probable
state of thé wqud would serve as an inifial condition for the optimization
analysis. |

Chapter VI concludes with a discussion of the limitations of the model

and contributions of .the the5157
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: ( lelberta, The Planning Act, Statutes of Alberta, 1977, Ch. 89, Pt.
a5(1y. .

2The City of Edmonton confirms the necessity to plan for growth.

‘ : "The 1979 Edmonton General Municipal Plan is a statement of the

g : : “major objectives and policies of City Council which are designed to
Manage the growth and form of Edmonton as it develops....General
Municipal Plan....sets out a development or growth strategy and a clear
commitment on the part of the City to programs which will carry out this
~Strategy."” [Edmonton Planning Department, Edmonton General Municipal
Plan, Vol. 1: . Bylaw 6000 (April, 1980); Vol. 2: Policy Reports, (April
1980); vo1. 1,-Preamb1e,’pp. 1.1 - o

3Ibid, The Planning Act, Ch. 89, Pt. 46(a)(b).
41bid, ch. 89, Pt. 53(1).

°Ibid, Ch. 89, Pt. 53(2).

v

6Edmonton.Regidnal Planning'Comnission, Edmonton Regional Plan:
S braft, Vol. 1: Imtroduction and Characteristics; Vol. 2:. Policy Reports
(1979); Vol. 1, p. 10. See also Goal 1 referred to in Appendix C, below.

TKenneth 4. Schlager, “A Land Use Plan Design Model," Jowrnal of
American Imstitute of Planners 31 (May 1965), pp. 103-11.
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. CHAPTER II

THE PLANNING PROCESS AND CURRENT PLAN REQUIREMENTS -

2.1 The Plann1ng\Rrocess

: 4
The rea] world is continually chang1ng Therefore, planning, in

trying to anticipate these changes, must be a dynamic process. Planners

must continually review and é]ter their plans in light of new and

unexpecfed market changes; the process, therefore, is 5 continual one. As

Chadwick apt]y descr1bes 1t .
Planning is a conceptua1 general system. By creating a conceptual
system independent of, but corresponding to, the real world system, we
can seek to understand the phenomena of process and change, then to: 4
anticipate them, and finally to evaluate them; to concern ourselves with

~ the optimisation of a real world system by seek1ng opt1m1sat1on of the

conceptual system. v

The stages of this process are illustrated in Figure 1.

This procéss; however,vis not as dynamic as the market. That is,
planners can not review and evaluate as fast and as often as the market
changes. If this was the case then planning would not have any purpose.
The market would be totally résponsib]e»for land use allocation.
Theréfore, at the heart of the planning process is the.pTan design. The
plan outlines land .use policy guidelines and becomes a semi-permanent
document. After "imp]ementation and control" the plan can be changed as

the demands, the market; or politics dictate. .Thefe can often be a number

of levels or,rjather, hierarchy of”plans. In the Edmonton Region the
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SOURCE :

FIGURE 1: The Planning Process

L 4
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Y L
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Leonard Hill Books, 1973) b. 44.
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plan is the-Rediona] Plan, then in decreasing order, general plans,

district outline plans, neighbourhood outline plans, subdivision plans, and

zéaing. Each level provides policy quidelines to lower 1eve1s. Thg

Reg16na1 P1an ) ‘ -

Shall be used as -a framework for municipalities in the preparation of
general municipal plans and in the formulation of detailed local land
use policies and regulations. The Comm1§s1on shall indicate the general
staging and direction of urban growth...

In the same respect, the general plan outlines policies for development and

- redevelopment within the city. The policy recommendations are general and

apply to lower level plans.3 Both these higher level plans can be referred
to as structu:re plans as distinqui shéd frqm lower Zeval plans. The former :
contain issues, analvsisv and policies concern1nq all aspects of the
deve]opment of a local area over the future fifteen-years or so; including
population, employment, hous1ng, shopping, leisure, transportatlon and
environment. Their scope of their concerns i§ with all relevant égéncies.4
The lower level plans are more specifically concerned w1th land -
deve]opment ‘

| A district ouf]ine plan is prepared for each new industrial and
residehtia] area. .These plans are also general in terms of specifié land
uses. They 1nd;cate the genera] areas appropriate for services, roadways
resident1a] commerc1a1 or industrial 1and uses. In addition, they may
indicate appropriate den51t1es for the plan and staging of growth. The

neighbourhood outline plan is a sub-area of a district outline plan. At

this level, the actual land use t§pes, services and roadways, are

T e

‘specified Subdivision is the level where parcels of land’ are actual]y

created. F1na11y, after the subd1v1s1on 1s approved the developer applies

3 K

for zoning the pgrt1cu]ar parcels of Tand.
® - ‘4
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‘The regional plans, deneral plans, distrfct outline plans; and zoning
are approved at a political, as opposed to purely admin strative, level.
The neighbourhood out]ine plan‘and subdivision plans are\approved by the
Municipa] Planning Comm1551on (MPC). The MPC is made up gf various City
Comm1ss1oners, City of Edmonton Adminis;ration-Department eads and

citizens. It can be arguedwthat since this group is-partiaTﬁy made up of

~~and works closely with the political ]evel, those" levels of plans are

" . !

strongly politically influenced:" ¢
The models used for the pian;design in the Edmonton!Regional Plan and

Edmonton General Plan are ana]yzed'below While the concern is with the ,

Reg1on, it was .thought it wou]d be usefu] to analyze the City of Edmonton 3

approach also. First, the model proposed in this thesis can be used for a

| c1ty, metropolitan area, or small region. That is to say, the nature of

the problem and the solut1on proposed by the mode] is similar for both

| p]ans Second, the city of Edmonton makes up the maJor part of the Reg1on

_w1th respect to its physical size, popu]at10n and industry. Third, 1t

shows  the 1nterconnec:édness ar ‘lack of it between the two plan levels.

Fourth, it illustrates the current mode11ng.approaches used in the Region

5 to determ1ne 1ts major policy of allocat1ng land to uses.v Lower Jevel

plans need 1ess forecast1ng The, planner has more d1rect control and
recent market .trends provide efT1c1ent forecasts.' Thus, the mix of uses
w1th1n a neighbourhood outline plan or subd1vis1on are determined by ru]e

of thumb based on recent.trendg@and staff op1nion: no specific model is

used. Their modeling approaches will not be given any further

consideration.

£
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2.2 The Edmonton Regional Planning Commission

R TR = e

2.2.1 Model Description

The present Edmonton Regiona]IP]anning Commission (ERPC) forecasting
technique is described in the Fdmonton Regional Plan.® The forecasts are
used for policy’and planning guides throughout the life of the plan. In
the Plén, they acknowledge that many external and 1ﬁterna1 forces affect
the pattern of land use, but feel it is beyond the scope of the plan to
explicitly deal Qith these inf]uen;es;6 As a result, the generative
function 1s § simple extrapo1ation of previous trends adjusted by staff
judgémeﬁt. The ERPC,'fﬁ the Plan, -also recognizes the existing physical,
legal, sociological, cu]turaj, political ana pgycho]ogical“cqnstraints on

planning and deve]opment.7 Given these constrdinté and the uncertainty of

c

- influencing factors, the modelling approach takes existing land use and,

based on suitahility, recommends the allocation of land to general land use
c1assific$tions; refer to Appendix A for suitability characterﬂég;;;. This
allocation procedure develops a regional mép for each suitabi1it;“
classification. -The maps are then overlayed to determine conflicting
uses. Conflicts are resolved according to predetermined priorized
facfors.8 rbis mode]]ing approach essentially buifds a land use
c1assif1cati;n map and, therefore,lcan be classified as a 1aﬁd use
appfoach."

The approach is a market analysis appfoach used as input to a plan

design.9 The forecasting can be described as estimation. The model can be

“described as general and macro; general for including all land use

categories and macro because of the high level of employment and population
aggregation.. The procedure is intended to recommend the optimal land use

in the Region though no ‘mathematical optimization technique is used. The
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The treatment of time is dynamic. The sub-models more loosely-coupled, and
neither assumptions of equi7ibrium or dis-equilibrium processes are present
in the model. The eauations are Zinear. The system is solved '

aequéntially and the solution is a simlation.

2.2.2 The ERPC Mode]

The model'; output gﬁves a classification map of the following
land-uses:

(a) General Urban

(h)  General lrban Reserve

(c)  General Industrial

(d)  General Industrial Reserve

(e) Agricultural: Farmland Conservation

(f) Aaricultural: Country Residential

(g) Resort

(h)s Nature Conservation, Open Space and Recreation

(i)  Special Control Areasl0

In the map, the urban and industrial classes designate the'respective
uses for a minimﬁm of five years and a maximum of 10 years; the urban
reserve and indusfria]’resérve for a period of 10-15 years. The output in
the foronf a land use c]assification map is derived by the fo1lowin§
steps.1l ' _ - -
| Step 1. All existing urban and 1ands‘zoned to urban use in existing
statutory plans a}e mapped and take precedent’over'conflicting useé. -
» Land use projections ére then added to these requireﬁents. Thé land use
_ projg€tfons are made in two~steps. First, pépu]ation growth is projected.

% -

The Regional population projections are made by assumina a constant

>
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fertility rgpe and net migration rate (in-migration minus out-migration)
and extrapoiating the trend to the year 2001. The Regjon's urban municipal
population projections to 1986 are based on ad hoc staff jdhgements
according to: .

»

The role of the municipality within the regional setting;. the

© recent growth history of the municipality, including 1978
population counts or estimates; previously existing municipal
population projections; municipal expressions of grewth policies
or preferred growth options such as may be found inh general’
municipal plans; existing commitments for future growth; the -
availability of land for residential development; the potential
for, or constraints related to servicing land for development; and
the likely location of maior industrial, or employment-generating
activities in the Region.12

Then urban municipal projectioﬁs t0'20Q} ;fe made. " from extrapolat%ons
of pre 1986 growth. rates. The Regional and municipal projections are
compared for consistency. In addition, the percentage of the Rggional
growth. not absorbed in the projected urban municipal growth is used as a
figure for the growth of rural municiéh]itylénd country reéidentia]
projections.

Sécond; the land requfremehts gre'estjmated from the urban municipal
population projections. Th; population abso}bing capacity (vacant land
times 14 personéﬁqross acre)Fié calculated for each urban municipality.
Land a]located”;o;yrbag.;eszéntiaI areas is expanded in municipalities
that.cou1d‘no¢ absorb all the growth projected in 1986. The residential
Tand requiremgnts ;o‘ﬁhe year 2001'were calculated by using the estimated
population gro;th ratestfor the years after which their existing vacant |
1gnd'had been filted: The density of 14 persons/gross acre was then

applied to get the residential land requirments to the year 2001. Each

urban municibé]ity's requirements to 1986 was allocated to the General

“
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Urban land class, and the requirements to 2001 to the General Urban Reserve
class. -

Step 2. A1l existing industrial, zoned industrial, and Provincial and
municipal land banks are mapped. Industrial land requirements for urban
municipalities are projected. "The projections...are based on many
subject1ve'judgments...As_a general rule, however, it has been necessary to
allocate industrial 1and by using existing commitments and existing
projections, and a conceptua1 approach,13

The-conceptua]lapproqch involves; first; calculating for e;ch
industridT‘sub;class (wholesale sterige: gr;in.elevators, 1ight 1ndusiry,
heavy 1ndystry) the number of acreéfpér 100 population of communities with
different functional roles (reﬁource;oriented, industrial manﬁ?&cturing,
mul ti-purpose, agricultural service, institutional, ho}iday—recreation,
ddrmitory). The result is a mqﬁrix of 1apd-use sub-c]gsses by different
functional roles.l4 second, each municipality is associated with-a
functional category and, then, an acreége per 100 populatfon from the
matrix.’ Third, the projected population increase is app]ied'to these
ratios td'get the land requirements. Rural municipality industrial

H project1ons were made on the basis of past commitments and suitability.
\ Industrial and Indugtr1a1 Reserve are allocated in the same manner as the

'\ R
| urban classes.

\ : Step 3. A1l existing Resort (existing summer villages and resort

. subdivisions) lands are mapped and take precedent over other uses.

\ Step 4. A1l Nature Conservation, Open Space and Recreation C)as%
uareas are mapped. This class includes all Primary Wildlife Protection
?reas, designated stream shorelands, and areas zoned recreat1oﬁ in county

.
plans.
. |

|
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Step 5. Prime farmland is mapped Farmland Conservation.

Step 6. Existing multi-parcel subdivisions and approved multi-parcel
subdivisions are mepped Country Residential.

Step 7. Additional land required for Urban Reserve and Industrial
Reserve wae mapped. AIn some areas Farmland Conservation was redesignated
to these classes. | |

Step 8. Additional Country Residential areas are mapped in areas of
existing concentration and by the indication of sbecial studies. This
residential land was allocated on lands of lower agricultural capability.

Step 9. Add1tiona1 land for potential Country Residential designation
is mapped. The procedure takes the rural municipality population
projections and applies this to the anticipated density (people per acre)
to get the required acres. | ' \

Step 10. Natural boundaries and topographical factors are considered
and adjustments made to affected classes. |

Step 11. . A1l non- prime farmland is mapped Farmland Conversion

Step 12. Boundaries of valuable sand, grave] and coal areas,
Restricted Development Areas, Regu1ated ?nd Priority Lake Shorelands,
Forest Protection Areas and Airport Noise and Safety Control Areas were

mapped over existing land classes.

2.2.3 Summary

The above discussion illustrates- the comb1ex1ties of determining

policies for land use in a Region. Irregular topography, overlapping

15

for-both residential and industrial forecatts are medium and long-term.

growth of uses, numerous existing policies, and the relattxe/jgpo iQf,r»
.differe 1and uses are dealt with by staff;jiageEEE%fy'Ihe requirements



16

The residential land requirements are derived from municipal
population projections. Up to 1986, the projections are determined by
staff judgements in an ad hoc manner. From 1986 on, they were simple
trends from the previous projections. The {ndustrial projections combine
staff judgement and a éonceptual approach. The conceptual approach assumes
industrial growth is solely related to population growth. The approaches
are very simplistic and one questions the validity and reliability of the
results. The method basically assumes all economic growth {s a function of
population growth. The output is too general to be of much use to lower
level plans. The regional plan is more concerned with urban and fndustrial
than other categories. The model's output gives only two sub-classes of
each. In addition, there fs no mechanism to determine consistency between
relative amounts of residential and industrial land uses. On the other
hand, these bﬁoad(categor1es give enough flexibility to allow autonomy in
Tower level plans. Also, the model's structure is transparent and, thus,
easily understood by po11cy-hakers.

Political input can only be applied in terms of negative policies,
restricting growth 1n certain areas. The model itself does not offer any
application to policy or impact analysis. Thus, sensitivity analysis of
aifferent growth alternatives were not performed. Also, the effects on

different socia) and occupational groups was not analyzed. The procedure
/'for allgcat1pg land involved staff judgements using a set of factors; see

footnote 8. In a conflicting use situation, the actual value of one use

over another cannot be determined. .Also,-tong run land allocations may be
“mfsalTocations 1f the relative value of the land uses change. The Plan
used a multiplicity of goals (refer to Appendix C) where 1t was impossible

to determine whether, or to what extent, each was fulfilled.
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In short, the ERPC economized on existing data to determine very
general projections. The procedure does not have a mechanism to determine
1f the most efficient allocation has been achieved. The City of Edmonton

projections to be discussed below, followed a similar format.

2.3 The City Description and Mode)

The City's procedure can be described, in general terms, by the
following quotation from the Zdmomton Cenermal Municipal Plan and Edmwomton
General Plan Workehop Papers. 15 16

With respect to the forecast methodology, 1t should be noted that
all future projections are based upon assumptions of continuation
of present growth trends, present land use policies, and present
market conditions...The growth forecasts ,rf therefore relatively
simple; no precise models were utilized. 1/ 18

Residential (single-family, rowhousing, apartments), industrial,
commercial retail and service trade, and commercial office land use
projections were made separately. Each land use forecast was done
differently and no attempt was made to account for consistency between

land use types. .

2.3.1 Residential

The purpose of the estimates are for planning, however, the model
itself is a market analyeis. The residential model can be cfassified as
partial as opposed to a general mode) cons1dér1ng all land uses at once.
While the City does forecast all types (commercial, industrial,
residential), each are done independently and, thus, each forecast is a
partial analysis of the land market. The model can be also described

as dynamie, macro, loosely-coupled, and lacks any equilibriating or



d‘B‘QQ“tl1briat1"9 representation The system is solved sequentially. The

-soiutioh procedure is atmulattve and the reiationship between variables

linear. .
_ - The generative function extrapolates previous trends. Population

projections are based on constant fertiiity and migration rates. Household

size is based on recent and expected. cng‘ges These parameters are =

determined by staff judgement -Taking the Edmonton Sub—Region’s population

projections and dividing by the Sub-Regfon's projected househoid size gives
the projected number of househoids for the Sub- Region. Based on recent
trends and established by staff Judgement these proJected househo]ds were

then aiiocated to housing types single-family, row, apartment. The

~ allocation function was done in two steps. /Stepbliaiiocates a percentage

a

8f househoid types to the City based on historical trends Step 2

allocates househoid types to areas within the City on an equai basis until

the suppiy ran out -and thereafter to areas which had available suppiy The

‘output was in terms dweiiing units. Projections were made to 1991.

2.3.2 Industrial

The mode? is a market analyete type and the land requirements were
estzmated.

‘The model can he classified és partial, dynamic, macro, loosely-
coup?ed and lacking equilibrium or dw-equtltbmum notions <TThe system is
solved sequenttally. The procedure is gimulation. The relationship
between variabies is - linear. |

The generative function is a straiqht extrapolation of historical

industria] land demand. Aiso, the aiiocative function 1s based on each

18
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area's'trend in industrial land demand. The output was in terms of acres;,~2

Projections were made to 1991.

2.3.3 Cdmmerc1a1

~

~
~..

Separate forecasts were done for office space and for retail and

serv1ce'spacé;20 Bofh, however,'were’done in exactly the same‘manner. It

is a market analysis model and‘fhe‘space (1n square footage) requiremenis

were gstimated. Since most of the new deveTOpment wou1d occur in presen;]y _

developed land, the Planning Departﬁént,fe1t it was not necessary to
transfo?m’the space requirements to acres. It can be classified as

partial, dynamie, macro, ZooeeZy-coﬁpled and lacking équilibrium or

- dis-equilibrium notions. The system is solved sequentially and the

proceddre 1s simulation. The relationship between variab]és is linear.

| The genérative function combines two methods. Firﬁt, building area
per capita for th;\kub-Regfon~1s calculated. The ana1yst§ assumed a ,
moderate increase in the ratfo. .The ratio is applied to ;ﬁé‘popuIation
project1ons for the Sub-Region. SeCond, the ratio of building qrea'perr
employee is ca]cu1atéd from historic rates. They a]sq assume a moderate
increase in the ratio. This ratio is applied to forecasts—ofAemployment in
those industries using retail-service and office bui]ding space. The o
employment projections are a resoTutién of two metﬁods. The first’can be
called a “min{mum requirements” method. It assumes a minimum level of
employment in each-Sector for a given level of population. The minimum
level of sectoral émp]oyment is calculated by tabulation of a cross-sectfon
of cities with varied population sizes. The excess above the minimum level

is allocated to sectors based on future projections and existing employment

‘concentrations. The relevant sectora1.emp1oyment—popu1ation ratios are

e
f
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L]
then app]ied to the Sub- Regions future popu1ation to get employme nt . ‘\\\\\\\\\
projections. The second method uses a mu1t1p1e regression technique.

_Annual employment by sector is regressed on a number of 1ndgpendent

- -.\\gariables.z1 “Future estimates of the independent variables are made and

the sectoral employment forecasts thereafter.  Where discrepancies exist
between the two techniques, the resolution is made on the basis of staff
judgments on the specific industries. The employhent fdrecasts are- then:

multiplied by builiding area per employee to get building area forecasts

- The final space proJections was a combination of the above population and

employment based techniques. 22 The projections were made to 1991.

The allocation procedure is a stéff Judgement assumption that 15 per
cent of retail-service growth‘%hd 65'per cent of the office growth will go
to Edmonton's Central Business‘Disfrict. The remaining will go to

Edmonton's Outline Area and other areas in the Sub-Region.

2.3.4 Growth Policy Options

Given these forecasts, the City examined three alternate growth
allocation forms that could be encodrageduby city policy.23 The trend
growth option is a’continuation of preQious trends as forecasted above.

Thé coﬁpact growth policy option assumes: decentralization of industrial

~and commercial land uses Yprim&rily office land uses); increased
redevelopment in the centre core;,éhd increased density in the suburbs.
The concentmated option assumes even a greater degree of office
decentralization, inner cify rédeve]opment and suburban density 1ncreasés.
}his sensitivity analysis was qualitative, performed by staff judgement
'a1ter1ng parameters such as densities. No additional or different

forecasts were generated. With each option the intended objectives and
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land use fmplications were described. The alternatives were compared in a
descr1pt1vé format and a combined compact-cbncentrated option was chosen.
Thus, the policies in the general plan reflect fhis grdwth allocation
scenario. | '

" 2.3.5 Summary

The Citys' procedures have a number of drawbacks. For residential and
- {ndustrial 1§nd both the generati#e and allocative functions are base& on
previous trends. As s&ch, their validity and ré]iabi]ity are

questionable. :Political fnput is Timited to negative policies only.
Within the model, there are no applications for policy or impact analysis.
While the output 1s disaggregate&, the allocation is too general to be used .
by lower level plans. On fhe other_hand, the procedure has some positive
aspects. » | _
‘ The procedure was 1ne§pensive as 1t relies on existing studies and
data. The procedure is easily‘111ustréted and understood.

O The commercial forecasts are a 1ittle more complex. The generative
functigg_is based on two gpproaches; a population bafed anq‘an emp1oymént
based approach. The population based one is a'trend.extrapo1ation of
building area per capita., The émp1oyment baséaﬁprojectiohs combines a
minimum requirements ahd a multiple regression approach. The minimum
requirements approach 1s essentially population driven. The multiple
regression approach is not specified in the report.‘[The two approaches are
combined by staff Judgement and then applied tb building area per

employee. The allocation wés done on an ad hbc basis. The commercial
projections appéar relatively more valid ahd fe]iable. however, 1t 1s not

quite clear how they were done. As with the above, the political input is
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Timited and there are no policy or impact applications. Finally: the

output is not very comprehensive and, thus, too général for lower level

plans. - : . - 7 I

In summary, the appﬁoéch uses existing information ah;/fe11es on ad
hoc staff judgement. Theré is no-con§1stency between alternate land uses.
Land value 1n”a1ternate.uses s not determined. Therefore, fne planners
can not ensure that the most efficient allocation of land has been

AChieved.
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1g.A. Chadwick, A Systems View of Planning (Oxf?rd: Pergamon Press,
1371), p. 63. . ‘ ' -

V-

o 2E dmonton Regioﬁa] Planning Commission, Edmonton Regional Plan:
' Draft, 2 Vols., Vol. 2: Plan Concept, Policy and Regulations, (1979), pp.
3-9- 7 & ! - N"}f‘"‘

3The actual process may vary among municipalities. For example, the
ERPC has authority for subdivision approval in all mynicipalities in the
Regfon except St. Albert and the City of Edmonton. The concern is with the
process used in the City of Edmonton. _ S

4This distinction 1s made by R. Barras snd T.A. Broadbent, "The
Analysis in English Structure Plans," Urban Studies 16 (February 1979),
PP. 1-18. The classification is the essence of new development p¥anning.

SIbid., Regional Plan, Vol. 2, Appendix B.
61b1d., pp. 2-2.
71bid.

8The factors include:
(a) existing land use
(b) land use commitments
{c) the nature and intent of indfvidual land classes
(d) priorities established or implied by commission policies
(e) projected 1and requirements for individual classes and theijr
dominant uses. (Ibid., Regional Plan, Vol. 2, Appendix B-2.0.)

.

JRefer to Appendix B below for a discussion of various burposes of
models. , , : :

10For'the‘purpose,and permitted use of each c1assif1catjon see Ibid.,
Regional Plan, Part III. ' .
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1?Ib‘ld., Vol. 1: Imtroduction and Characteristics, (1978), pp. 56-57.

131b1d., Vol. 2:  Plan Concept, Policy and Regulatioms, (1979),
Appendix B-6.0 ;

141t is important to note that the ratios were made from 1971 data and
taken from Alberta Department of Municipal Affairs, Provincial Planning
Branch, An Urban Land llse Analysis of Selected Alberta Communities, (1971).

L : .

, ‘15C1ty of Edmonton, Planning Department, Edmonton Gemeral Municipal
Plan, 2 Vols., Yol. 1: Bylaw 6000 (April, 1980); Vol. 2: Policy Reports,
(April, 1980). ‘

16pdditional information was obtained from: City of Edmonton, Planning
Department, Edmonton General Plan Workshop Papers, 10 Vols. (March, 1979);
Interview with Mike Kubasiewicz, General Research Section, Planning
Department, City of Edmonton, Edmonton, Alberta, 26 March '1980. Mike
Kubasfewicz did the forecasting cemponent of the General Plan.

17P'Iann1ng Department, FEdmonton General Munieipal Plan, p. 4.

18P1ann1ng'Departmenf, Edmonton General Plan Wbrkahop Papers, 10 Vols.,
foreward.

~ 19This methodology differs from that report in Ibid., Workshop.Papere,
Vol. 3, pp. 8-14. The actual methodology used was obtained from the
interview with Mike Kubasiewicz, 26 March 1980.

20With minor ad hoc alterations, the City used the projections of
William Graham Consultants, Western Realesearch Corporation Ltd.,
Canadian Pacific Rail Relocation Study; Urban Developmedt Component, Phase
One, Working Papers, (1977).

217he precise form or independent variables of the regréss1on analysis
were not presented. See Ibid., Relocation Study, Appendix 2, pp. 155-66.

- 22p specific form and process of cdmbinihg the two methods was not
identified. One can assume that it was made by staff judgements.

23pefer to Ibid., Workahop Papers, Vol. 7-10.
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CHAPTER III

LAND USE MODELS

| This chapter ‘analyzes a number of models the ERPC could use in their
plan desigh function. These part1cu1ar.models were chosen for the
f611ow1ng reasons. |
First, the size of the region and the nature of the prob]ems‘indicate
that urban Tand use modé1s are required. In th1s'study, the size of the
region is adm1n1strat1ye1y defined by the ERPC boundaries. The Region is
small relative to a regfona) c1assif1cat10n such as Alberta or fhe Canadian
West; thus, more of an urbanﬂregion. The major land form in the Region is
urban. Therefore, the appropriate type of madels to study this’region
yould be urban modéls. A1so, the nature of the ERPC problems are
essentially related to land ﬁse; something which urban models focus on.
| Second, an attempt was made to cover mdde1s built for any purpose; but
~one that could assist in the plan design in some way. Models can be
classified as market analjeis or planning: refer to Appendix B. The
‘market analysis models are 1arge1y used as inputs into the plan design. As
discussed below, they have a number of sub-classes. Within this class,
desériptive mode]g give planners an understanding of the behaviour of the
complex system under study; Prediction (policy anaiys1s) and impdct me
educate p1annérs and allow sensitivity testing of possible alternate st

of the world. Eetimation models indicate what the state of the world would

-25-
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be without any maJor policy changes or impacts. Or, alternatingy, they
are comprehensive enodgh to 1n¢1ude many policy and impact changes‘frop the .
input side. Through these types bf models., the planner bdthers ,
information. Along with the object;ves, the information is used as 3nputs
into the plan design. These are generally positive models; however,
normétive micro behav1oﬁ; can be assumed to make projections. On the
otherhand, planning models are normative. They can be used as, inputs-to or
completely do the pfanning design functions. The ultimate purpose of this
thesis is to recommend a model which will a§§is£-p1anner§ in their planning
wdesign'functfon: As such, models used for any of the above purpbses can be
';used in conjunction. They are not mutually exclusive. " A1l types are
considered in the discussion below. Considering the.tohp1ex1ty and
multiple objectives of the Regional Plan and the 1imited app11c&t10n poiicy
and impact models, -an estimation model is preferred. Po11cy_andvimpact
analysis are certainly useful but the model has to be suffiéient1y
comprehensive in these applications.to give a complete sensitized view of
the future state of the world. As d1scussed«beloy,yg‘policy or 1mpact.v
model that is capable of a large number of p611cy or 1hpact simulations

may become too comprehensive and too complex to be operatioﬁa].

’ Third, the models analyzed come from various approaches to modeling.
The normative models include the highly theo;étically elegant and .
analytic New UrbanvEconomjcs and Mill's highly theoretical but empirical,”\
11near—programm1ng mode1; ~The remaining can be classified as simulative
models. They are positive ﬁode]s and include the sihp1e;_operqt1ona1 Lowry
Model through to the realistic and com§1ex MIT.

Fourth, they all havg'been orApave the pofent1a1 to be operational.
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Fifth, they are comprehensive 1n:dea11ng with all land uses in a

single model. N

3.1 The Newler"ban'Economic'sl,2

The new urban economic models (NUE)'are direct descendants of the
' classical spatial equilibrium models.3 The NUE models are, however,
general equilibrium mdde1s with equilibrium in three or four sectors:
production, consumption,rtrensportat1on or housing. The seminal work was
done by Mi1ls, with a utility maximization franework, and Beckmann with a
production function framework 4 There are many vartfants of NUE but all
genera11y start with specifying the functions, maximiz1ng it, deriving the
| first order conditions and froT there solving the model. The solutions are
genera11y qua]itetive,ﬁin the form of negative rent or density gradients.
A number of assumptions. about the nature of urban phenomena are necessary
to a11ow the use of continuous mode;s and mathematical. methods. These
assumptions are discussed be]ow 5

The assumptions vary from model to model. The modejs are set up on
the assumptions and researchers re1axé%nd vary assumpf1ons to observe
alternate sd1utions. The "standard" pr "basic" models' assumptions are
discussed below.

First, NUE mode1s~assume a onendimensional‘c1ty. The city is circular
with the pass1b111ty of transportation in all direct1ons. The city can be
described by a linear ray from the Central Business District (CBD) to the
urban boundary; Therefore, the models deal in one-dfmensionaf space as
opposed to discrete areal zones. The reason is that the mathematical tools

of analysis require smooth differentiable functipns. This assumption rules

out discontinuities 1n rent and'dens1ty gradients.
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§§cond, a corollary to the\>f;st, is the assumption of a monocentric
city, that is, all work takeé p]a;;\in the centre of the city. This
assumptfbn has been relaxed but not without added complexity to fhe
solution. - Uniessfthe secondary centres take the shape of annular rings,
they cannot be handled via a one-dimensional anpl{sis;

lTh1rd,‘exclusive zoning for production and residences is assumed.
Production fakes-p1ace in the CBD. Residences‘are located in a ring around
ft. Transportation is also located in the residential ring. Residences |
are not located in the CBD and production is n@t located in the residential
ring. This dssumpt1on rules But competition Setwééh non-résidentia] land
uses and residential land use. This is, of.course,‘unrealispic Snd
becoming increasingly so as decentalization i5’1nckeésed. It 1s
questionable whether this was ever valid as 19th Century c1ties exhibited
mixed land uses.6 .

~ Fourth, p}oduction is neglected. Production is a single sector
producing tﬁe composi te cdnsuﬁptionrgodd in the CBD. Earlier models
treated thé CBD as a boint, thus, having no land use. Later models treated
1t with a finite radfus, but still producing one product and having no
other 1and.u§es. " Employment {is determined ekbgeheous]y. This creates a
problem as a major reason for the existence of cities is agglomeration
economies. Some progress has been made with reiéxfng this assumption,
however, the production sector and the CBD sti11 have been given less
embhasis than housing and transport in the residential ring.
| Fifth; transportation carries people only. The purpose of the
transportation system is tb move commuters from the residential ring to the
edge of .the CBD. The mass transit is laid out in a network of radial roads

from the CBD. Transportation is, however, dbiquitous.from the linear ray



assumptibns. Thus, the transportation network would have to be very

: densé\ This, of course, 1s unrealistic. Transportation demand 1s usually

treated as the number of commuters times the average road-width per
commuter. Thus, transpoftation land competes with residential land in the
residential ring.

Sixth, a number of homogeneity assgmptfoﬁsﬂ;fe represented -in the

model. Land is assumed the,;ame“dddiity everywhere. Production is one

sector. A1l houses aké the same although plot sizes increase with distance:

from the CBD: A1l residents are assumed to have equal preferences.
Seventh, the public. sector is ignored. The public sector can affect
the allocation through the many types of land use controls, urban renewal,
infrastructure, taxes, and land ho]dinésrx The reason is that the )
obJect1ves'and behav1or of the public sector are difficuig;tO/ThEi;de in
the neoclassical competitive equilibrium models - |

ol

Efghth, 1mp11c1t in NUE models 1s that competitive bidding determines

Tand use, however, compet1t1on is on]y between housing and{roadslin the

res1dentfa1 ring. Exclqs1ve zoning rules out cbmpetition between
res1dent1af and non—re§1dentia1 land uses. This is unrealistic as road
development is a public sector decision. The public sector is almost
unconcerned with price because of their power of eminent domain. Road or

land use is generally bought below market price. The power of —

e

T

non-residential activities outbid residential/gggiyit#es’TETsrhaJor factor

e

in 1and use conversions. Because non:?ggﬁdential actjvitieﬁ are determined

exogeneously and placed in the CBD, the implicit assumption\of competitive
bidding is not valid.
In addition, the constraints which operate on the urban land market

are ignored. ,F1rst,‘1ag and adjustment factors are not considered because‘
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of the long-run equilibrium assumption of NUE models. Second, the
homogeneity assumptions make the competitive process appear more
efficient. The exogeneous spec1f1cat16n of non-residential activities in
the CBD gives an efficient allocation. One might argue that this {s the
same result as competitive hidding because business activities have a
greater need for accessibility and greater capacity to outbid residences.
Therefofe, they would occupy the CBD through competitive bidding. A
similar argument holds for households. Households are heterogeneous with
respect to other things besides fncome: tastes, race,,etc. Also,
neighbourhoods and housing types are heterogeneous. These factors will
result in discontinous rent and density gradients. Fipnally, rent
discontinuities and density varfations are caused by the planning
authdfity's regulations on floor area ratios, zoning, building codes, and
determination of public 1nfrastrqgture. These factors cannot be taken into

consideration in the continuoué’neoclassical models. In sum in the NUE

models, the markep,,by”assumption, appears to.operate more efficiently than

in rea]itx,f?“‘/

//////F{nally, NUE models can be criticized for their static long-run

e

equilibrium nature. Timé can only be considered if one varies the
parameters as in a comparative static framework. It is duestionable
whefher the 1ong¥run spacial equilibrium is attainable and the adjustment

path towards equilibrium seems the more appropriate analysis.

3.1.1 Summary
NUE models are highly theoretical land use models. High quq]ity
theoretical models are simple generalizations of the real world. The

departure From reality is indicated by the above assumptions. However, i{f
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the theozg (as represented by a negatiye rent gradient) cannot be
universally applied, as stated above, then the validity and reliability of
the theory is questionable. The simplifications would not be a dravbaék if
they were made to formulate a testable mode! and tests carried out. No
such tests have been carried out. Rather, numerical solutions have been
derived and compared with other predictions and empirical evidence.
However, the predictions are too general; a negative rent gradient for
example. Detailed planning applications require solutions over time and
two or three dimensional space, whereas, NUE have only one dimension and do
not include time. In addition, most of the analysis is qualitative and
forecasting is 1imited to sensitivity analysis with exogeneously specified
parametric changes. The result is in orders of magnitude only. Thus, fhe ,
growth of activities {s exogeneously specified and only the allocation
déferm1ned by the model. In terms of policy applications, each model f{s
specified to analyze a specific problem. Theymodels are inflexible and a
new one has to be buflt to analyze a different problem. As such, NUE
models can be of little usefulness in forecasting for planners and
policy-makers. “NUE assumes narrow micro responses of an "economic man®
where more complex behavioral responses are more relevant. Also, the
nature of the land market is not as efficient as NUE presumes.

The NUE theories and continuous models may not be the most appropriate
for urban forecast1n5. A linear-programming approach, discussed next, does

not have some of the NUE's fnherent problems.

.

-~

3.2 Mi11's Linear-Programming Model’

The model can be described as gemeral, static, and equilibrium.

Optimiaing behaviour on a maero scale is medeled. It can be considered as
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a planning model with market analysis interpretations. The equations are

 linear. The system is solved simultanecously and the solution is

analytical. . T

As with NUE, this model uses optimization techniques for fts
solution. But in this case, the solution technique is not analytical but
Jinear;programming. This aiiows the city to be treated in discrete rather
than'continuous,manner. The simplified view of the world with the ‘
unreaiistic'aSSUmptio;s are still required They include: the city is a
homogeneous plain; al goods are imported into and exported from a
predetermined singie point, placed at the city centre; the same types and
amounts of activities take place in all squares that are equally distant
;rom the city centre; the city is divided in a grid, where traffic moves in
a north, south, east and west direction and through‘eacﬁ square's centre' r
export goods are produced in the city and exported whereas one good housing .
(can be interpreted to include other locally produced goods and services)
is consumed by city residences, and goods are tranSported by one transport
mpde A ” ‘

The purpose of the model is to’anaiyze the efficiency of market
resource ai]ocation in urban areas. In the model, the production of export
goods by various activities are represented by land intensity {input- output
coefficients. The coefficients represent the amount of each tnput (land,
labour, capital) required per uuit’of a particular output using a specific
activity. An activity, say, S is defined as the production of a‘unit of
outputnin~a'fiveistoreylbuiiding. Thus, the land coefficient would be
small for a large value ofvS; since less iand‘is needed per unit of output
in a ten-storey than a five-storey building. hespectiveiy, the capital

coefficient 1s large for a large value of S. Labour coefficients are
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fhdependent of building heights. Thysf"unit_production costs may change

with relative factor costs and Bﬂilding height. The specification of 5
technology 1ﬁ‘this.manner allows economies (and diseconomies) to be dealt
with in a 11near-progfamm1ng frqmeﬁork. A1sb, trénsportation congestion is
represented by a transportatioh cost function rising in a stepwise manner.
The objective function minimizes resources (1and, labour, capital) and
transportation required to‘produce,a predetermined level Qf exports.' The

constraints ensure: total production of each good is at least as much as

that exported' hous1hg production is sufficient to house all city workerg;,
workers do not commute away from the city centre; the capacity of
transportat1on depends on the resources devoted to it and the congestion
1eve1s (measured by narrower roads) tolerated; and land used for production
and transportatien\does not exceed available 1and in any square. The
output of the model ;}ves the optimum amount and location of product1on for
the export goods and hous1ng, the optimum resources devoted to |
transpdrtat1on and the opt1mum congestion 1e;e1s "~ The result s a typical
neo classical c1ty w1th a negative rent and density gradient. )

M111 s~model analyzes the efficient allocation of resources of which
‘ fransportatibn (pkovided by the public sector) is the key; Hé‘e£b1ores the
issue of public intervention in the market and concludes that the'marKEt
- will efficiently allocate resources if transportation 1s efficiently
pr%Céd. The po11c1es/th1s model could analyze would include land pricing,
1an&‘taxat10n, transportation pricing, and land use controls.

Relative to NUE, this 11neah-programm1hg framework has some
interesting advantages. Mainly, it sacrifices some theoretical purity for

realism. Specifically, it allows the city to be dealt with ﬁa two -

dimension space in a nontrivial way. Exclusive zoning for produc£1on and
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' res1den¢es is not assumed. Production is not neglected. The

transportation system carries people and goods. The results are empirical,
hoﬁever, order of magnitude analysis is still more appropriate. Finally,
it is a general framework wheret1nst1tut10na1,constraints can be included.

On the other hand, the model sti1l has some drawbacks. With slight
varfations in 1hput—outpyt coefficients and tﬁanéport costs, the city
changes from one extreme (1little commuting, with most employment 1in
residential zones) to another (heavy commuting, low shipments of goods, &nd
éeparation of residential and production zones). On the other hand, the
optimal level of transport congestion—is insensitive to parametef changes.8
The model has an allocation funpt1on oniy,<with the level of production
given exogenously as export goods. It is 1{imited fo specific po11cy
applications.. Thus, 1ts usefulness in plan making is 11m1ted given the
high cost of data co11ect1on and uncomprehensiveness in po]icy or 1mpact
analysis. Political input is restricted to negative p011c1es. It s
concerned witp the narrow assumptions of "economic man". However, in
trying to achieve more realism it also sacrificed gredter complexity in the
solutfon procedure. This is a drawback because policy-makers must
understand the model before they will haQe faith in its results. The
unrealistic assumptions of a monocentric city and a unimodal transportation
system st111irema1n. Attempts tb deal with these and ogher assumptions
would 1ncrease the complexity of model. Fihally, as the model aftempts toq
include these factors and a more com8§!h9n51Ve output, the feasibility of
obtaining solutions decreases. .

The greater\comp]ex1ty'of the real world can be handled better through
large-scale simulation mdde]sfthan the NUE or the 1inear-programming type.

These models are discussed in the following section.
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3.3 Simulation Land-Use Models

Characteristic of most of these mode]s 1s the division of the urban
space 1nto a large number of small zones. Activities are forecasted and
allocated to zones in an attempt to simulate the urban space. The Lowry
Model, one of the ear11est models, has had widespread applicat1ons,§nﬁ
proved useful to plannefs and pb]1éy-makers.9 The success of the model is -
based on its meaningful results, simple structure of 1ts casual
relationships and potent1a1 for expansion of the origina1 framework .10
For these reasons, an exp11c1t and full representation will be given
beiow. Other models, because problems with their complexity and huge'data

requirements made them unoperational, w111 only be summarized.

3.3.1 Spatial Interactfon Models: The Lowry Mode1
In 1962-63, Ira S. Lowry developed the seminal spatfé] interaction;
' comprehens1ve land-use model for the Pittsburgh Comprehensfve Renewal
_ Program.ll Lowry's original frameworlz became the f‘tion 1"‘or subsequent
interaction models. B ' |

~ The model 1s a market analyeis modei.' The mode1 can be classified
as general and non-optimising. The treatment of time is static and aﬁf7
equilibrium i1n land, employment and population over space is assumed to
exist in the final output. The sub-models are strongly-coupled. Linear
equations are found in the model. The model hes gimultaneoue relationships
but 1s solved sequentially. In essence, it is a stmulation of urban
geoqraphy as 1t grows. This aspect of Lowry's model 1s often referred to

as creating "instant metropolis"..

A}
p



~ 3.3.1.1 The Theory. -Lowry's primary purpose was operationality which '

left the model theoret1ca11y weak. The model is built on an "export-base"
theory (of sorts) for the generative function and two “gravity” models for
the a])ocat1ohlfunction.

The model simulates urban growth -as follows. Given the sqgtial -
distribution of "basic“ employment, households are assumed to locate in
‘proximity to the basic workplaces. "“Retail" acf1v1t1es‘and, thus, retail
employment 1ocate in proximity to serve the households. The retail
employment generates more population, the new population demanding
services, and so on. The basic employment-population-retail employment
relationshipsfand, thus, basic employment-total employment muft1p11er gives
the model a quasi export-base appearance> The d1fference 1ies in the _
definition of export and retail employment. Lowry defines basic employment
as being employed in industries '

...whose clients are brédbminant]y non-lgcal. These 'export’
industries are relatively unconstrained in local site-selection by
problems of access to local markets and their employment ‘levels
are treafgd as primarily dependent on events outside the local
economy .

Retaf1 employees &re defined as those working for companies and
establishments "...which deal predominantly and diréct]y with the local

- residential populat1on."13 By these def1n1t1ons industries who are’
exporfersvexport all their goods. This is a theoret1ca11y correct
application but wrong technically as a portion of many export industry's
output is consumed locally. In Lowry's original work, however, basic
empIOyment is calculated as the residual after retail employment has been
ca1cu1ated. The problem is that basic employment did include 1ndus£r1es

which produce intermediate commodities for retail industries. This would

bias the multiplier downwards. There is no direct connection between

3%
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export and service indﬁstriés; only via population. Lowry was never under
the 111us1on that he used an export-base model. In facf, heAus;d the
terms basic and‘retail for convepiencé and suggests site-ariented and
residence;o;iented are more'prec1se. Also, his concern was more with
allocating than generating regional employment and population.

Another problem with the generative part is treating all basic
activities aé'a single industry. This 1gnore§ differences to industries in |
terms of agglomeration economics, transport‘costs, and rent sévingﬁ. Since
all basic employment is exogeneous these 1oca§ionaf-aspects of basic
employment are fgnored. |
| " The allocation function is ach1eved by two spatial 1nteractioﬁ model s
or rather potential functions of the gravity type. A spatial 1ntéract1on
model measures the flow of activities between areas whereas Lowry's
potential functjon measures the sum of all activity flow into each area.

The theory comes from the area of social physics. The gravity theory is a

simple hypothesis that the attraction between any two masses is directly |

\
proportional to the product of the two masses and inversely proportional to

* thefr spatial distance. The allocation function is, thus, theoretically

weak depending on Statistica1‘regu1ar1t1es of mass behavior. Lowry
Justified this by gproving on the oﬁéragjgna]ity of the mode1: "a gravity
model promised to be much easier to build ;ndtcheaper to 6perate."14 The .
potential functions may improve the operafionaIity of it buf they are poor

demand functions. : y*.\

3.3.1.2 The Model. The operation of the model is illustrated in

Figure 2. The model consists of nine simultaneous equations and three

1nqua11ties. In the system the number of independent equat1ons equal the
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FIGURE 2:  The Lowry Model
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number of unkowns, however, with the addition of three inequalities as |
constraints a solution cannot be éuaranteed. The best solution procedure,
therefore, 1s an 1tergt1ve one. To follow the‘accepted procedure and for
{1lustrative purposes“Edwry's‘1terat1ve solution and much of the same
notation will be used in this texf.15 The f511ow1ng notation will be used:
Variables

A = area of land (thousand square feet)

E

employment (number of persons)
P = population (number of households)

C

trip cost .

Z = constraints

~ Superscripts and Subscripts

U = unusable land

B = basic sector

R = retail sector

H = household sector

‘R = retail establishment category

M = number of retail establishment categories
1, § = areas or zones

N = number of zones,

Constants

f = inverse activity rate (1/number of persons employed ber.househo]d)
aK = retail emp1oyment-p6pu1at10nvcoe?f1c1ents (ERA/P)

cH,dK“s home and work based shopbing trip weight factors

eR = retail emp1;yment density ratio |

zH = density constraint (maximum households per acre)

zRK = employment constraint (minimum number of employees)

39
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Functions ; ' ‘
'” fisfy = decféasing functibns of travel cost from work éo home and
from home to retai] stores | |
Values for constants and functions are determined by estimation
outs1de ‘the model or calibration procedures. In additfon, values for AJ,
Ag, A?’ Eg and cyjy are given. The model 1s comprised of the fo]lowing

equations: : ‘ o
Land Use

Al = a - AU - aB - R
I R J J

" Household Sector

NN
S | @

o - N
p = € E f (cy3) (3)
39 4= 1
~ Equation (3) 1s the first fnteraction model. The normalization factor, g,
ensures that:
P = € Py, . (4)
and f1s calculated by substituting equation (%) into equation (4) and
solving for g. The popu]atfbn a11ocat10n’pf6cedure starts by setting
A? = 0 and exogeneously determined E? to EJ.' A?'is obtained from
‘equation (1). P can be calculated from equation (2), however, in order to
‘ : N :
to speed conergence the employment*multiplier (1 - fjgi ak) can be
calculated outside the model and included; therefore equation (2) becomes:
P = f E ‘ ,
W (2a)
J=1 .
E 1n equation (3), however, still uses E in the first outer iteration. The

population 1s allocated to zones according to 1ts potentfal. Each zoﬁé‘s
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potential is compared against that zone's density constraint.

| Py = M AjH (5)
ljh@»popu1af10n of all zones V1olating this constraint is set equal to the.
/constraint. The excess population from these zones is aggregated and then
used to recalculate g. The excess population is re-allocated Qﬁd. if fhere
is an excess, g calculated again, and so on. ol

Eaéh retail sector employment is calculated‘by.

and’ then allocated by the second spatial interaction model
B N —
ERK = bk 1K & pf(c )+ dhe (7)
i Cam P! i |

Where b is calculated to ensure that
K= & (8)
h|

Then, as in the first model, the EXS are adjusted to ensure that
J

'E§ > ZRK | (9)

éor each zone where Eg_i ZRK that zone's Eg is sét to zero the
surplus fed back into equation (7) for‘the areas adjacent to zones not
meeting the constraint. The iteration continues until all thg ERKs are
allocated. |

Total employment is given by

M
‘= B _ RK : 10
EJ EJ f kgi Ej (10)

The amount of retail 1§nd required .is calculated by

eKEjRK ‘ (11)

AR -

J K

fm=

and adjusted to ensure that

AR = A . au _ B | (12)
J J 3 R
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where the right-hand term is the actual amount of land ‘available for retail
purposes. If AR > A _ pau_ AB then set AR = A - AU . B
J J J J J J J J
and for the first outer iteration overcrowding is allowed.
The second outer iteration starts by entéring A? from equation (12)
and EJRK from equation (7) back into equation (1) and (2), respectively;

and continues through to equation (12). AR now having a positive value

will disp1ace, via the density constraint, land available for housing and
eventually eliminate the retafl overcrowding. Lowry assumes that retailers
will outbid households for space. The solution procedure continually feeds
in retail employment and retail land-use until the population is distributed

.and,‘thus, all variables stabilize.

3.3.1.3 Summary. The advantages of the Lowry model include its simple

structhre, economies in data reqdirements, consistency in different types
of land use and; thus, its dsefu1ness in practical applications. |

Some of the disadvantages have been noted above. Accessibility
relationships based on empirical regularities are poor demand functions.
Their reliability is short-term at best; but the model is a long-term
equilibrium model. In assuming an ecohomic base theory, the technical
problem of determining the prober amount of basic and service employment
has been noted above. Given the struture of the model, it is doubtful
whether it can ever be rationalized as having“an export-base structure;
there 1s no direct relationship between the export and sérvice |
industries.16

Lowry used one classificéfion for basic 1ﬁdustr1es, and neighbourhood,
Tocal and metropolitan classes for service industries. These broad

.classifications assist in the operationality by defining aggregated amounts



of employment per zone. More detailed classification, however, would
assist planners in identifying site sizes and service specified to each
industry.

The model can be used only for\impact and prediction; impacts of new
industries and po11cy analys1s on transportation, residentia] and service
‘location by zones and interzonal trip distributions. The usefulness for
impact of government expenditures is limited. The problem with using 1t
for estimatfon is specifying the location of the export industries. This
may not be difficult for one or a few industries in a small #egion.
Hoﬁever, in a large regfon, the small differences in transportatioh costs
among locations within a region, the dynamics of the land market and
political approval make this difficult. For estimation, a large number of
basic industries over a long period of time have to be estimated by zone
making the Lowrmigdel's usefulness in estimation even more remote.

The following sections briefly discusses models which use more thedry
and rea1ism4\p their representations. The models consist of a large number
of equat1ons*and 1nte;re1at10ns. The structures do ndt exh1b1t'any
| d1st1ngu1shab1efggt:ern. Also, neither of thé following models are
presently in operation. For these reasons they are given only cursory

attention.

3.3.2 The Penn Jersey Modé]
The Penn Jerﬁey model was the most ambitious effort of its time.l7
The primary goal of the Penn Jersey Transportation Study was to provide a
simu]gtfqn model which would provide predictions of location and land use
“under differing land use and transportation policies. The secdndary goal

was to use sophisticated mathematical models along with the scientific



method of disproving assumptfons in order to come closer to simulating the
actual operatfon of the urban system.l8 This second aspiration according
to the author was "quite nafve." |

Originally, the researchers built sub-models which attempted to
explain res1dent1a1 service and manufacturing location on the micro
level. The development of the Herbert-Stevens Model of residential
10cat10n came out of this process.19 The Herbert-Stevens Model is a linear
programming model. Residential activity fs allocated to maximize rent-
paying ability.‘ ﬁent-paying ab111ty 1s defined as the difference between
budget allocated to housepo1ds to purchase a hou§1ng bundle and the cost of
that bundle (excluding sfte costs). The mode) optimizes the location of
different classes of households subject to capacity constraints on.1and and
a givén number of households in each group. Similar attempts were made to
model the economic behavior of firms; a theoretical or model description
was not given. Attempts to operationalize either the household or fimm
sub-models were unsuccessful beqause'of data 1imitations.20 The
researchers then turned to mode11ing the aggregate behavior using
regression analysis. The model can project to any time pefiod using five
" year intervals.

The model's primary generafive sub-model is a cohort survival model.
A cohort survival model projects population using estimates of birth, death
and net migration rates. The cohort survival model is directly connected
to regional employment and regional income distribution sub-hode]s. This
means that growth is largely explained by population growth (via age-sex
“-economic activity rate;) with no economic growth feedbacks to affect
population growth. A linear regression model is used ta allocate

employment to various sectors.
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The purpose of the income distribution sub-model 1s to allocate
population to income groups. Historically, percentages of population in
d1fferent‘1ncome categories has remained relatively constant. Thus, they
assume a constant distribution around thé medium income. Projections are
then made by assuming a certain increase in medium 1ncome.

The residential location sub-model allocates people to zones by the
zones share of population growth and 1mm1grat1on. Migration from 1 to j
takes place only 1f the sum of value of independent variables in j is
greater than 1. The variables include the proportion of population of j in
the higher income groups at the beginning of the period, the net . !

residentfal density, a weighted sum of accessibility measures, the

v onomic use. The next sub-model

il

proportion of land available for ni!lgznt1a1 use at the beginning of the
period and the propofkion of 1an?h4§§

allocates population to residentd

use. That is, it calculates the
amount of residential land consumed per household. This part has the
Alonso type-ffgmework. The amount 1s a function of income minus transport
costs, the position of the urban fringe and accessibility measures.
The manufacturing employment sub-model has the same fbrm as the

residential location sub-model. The manufacturing land use sub-model uses
trends of the previqus years employment. Service emp]byment location in
each zone 1s determined by a spéfia] 1ntera6t1on model given inftial
estimates of total population and total employment. Service land use is
determined in the same way as manufacturing land use. For certain
“industries, their location and land use are determined outside the model
and used as input into the model. Street land use 1s calculated as the

residual.
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A series of constraints and checking procedures realocate land uses to
ensure density constraints are not violated. 1In termé of conflicting uses,
‘retail and service are given first priority, then manufacturing, then

‘residential.

3.3.2.1 Summary. The model's generative function s weak as it

assumes most growth is a function of'popu1at10n growth. Tﬁe forecasting
capabilities are,‘thds, limited. The model's structure %s complex with
many equafioné and sub-mode]s. Political input is 1imited to negative
constraints. The,resident¥a1\1and is aITocated on the basis ¢f competitive
bidding. However, ithere is no competition befween residential and

- non-residential land use. The initial attempts of simulating economic
behaviour ‘failed due to data problems. The final operational model has
also not been used to any great extgnt.21 One would -expect that the heavy

data requirements are a major deterrant.

3.3.3 Mass;chusetts Institute of Technology Econometric Simulation Model

~ The MIT model is the most realistic attempt to simulate the urban
environment.22 The model's structure includes re]ationsh1ps’ref1ect1ng the
behaviour of households, busineéﬁ, and government; although the urban |
government part in the allocation sub-model was never built.23 Thé priﬁary
_purposeAéf the model 1s to permit eva;uation of policy alternatives of |
national, regional, metropolitan and local governments. ’ 4

- The MIT model consists of three sqb-mode1s; The macroeéonom1c model 1is
‘a var1;nt of the export-basé model. Given population, catha1‘stock,
techhd]ogy, export demand, wages, prices and unemploymegéﬁ‘1fq%§nerates

v )

output émployment and income distribution, and changes in wages and

46.
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prices. The second sqb-mode1 1s an adjustment model. It forecasts changes
in popu1at10n and-investMent and, from this, provides population and
captial-stock inputs into the macroeconomic model. These two sub-models
provide metropolitan growth input into the spatfa]-a]iocation sub-model.
The spatial-allocation sub-model attempts to consider the fo11ow1ng ‘
factors: colocation, which is the Iecat1opa1,1nterdependenc1es fn scale
and type of other activities either in proximity or accessible to other
afees; durability and specialization of urban capt1a1'siructures;
Tnefficient land market caused by imperfect knowledge, long-term leases,
- costs of relocation, speculation, etc.; the public sector with taxes and
expenditures, land use contro]s, and be1ng a majof land user. The
allocation is on the metropo]itan level with each zone corresponding to a
p011t1ca1 jur1sd1ction Large cities are disaggregated into several zones. .
The MIT researchers had'attempted to add much realism in their model:
a major role for governments with positive and negative policies;
_]ocationa]~1nterdebendenC1es;»cohstraints on- the competitive proceSs; and
durability of capital. Unfortuhate1y}'there is a gap between what fis
feesibTe‘and‘What 1s desfrable. As the authors explain,
;..weahave co11ecfed most of the data that Qi]l be needed
for preliminary versions of the model and some equations have
been estimated. Undoubted]y, many compromises will have %3 be .
made between our plans and what turns out to be feasible,
It appears that thevoperationa11ty problems were never worked out.25

-'F¥Ha11y, the model is a short4term model when most regional problems are

Tong-term.

3.3.4 Inter-Institutional Po]icy Simulator™
The Inter- Inst1tut10na1 Policy Simulator (IIPS) was 1nft1ated 1n the

? A 2
‘late 1960's for the Vancouver area.26 The mode1 pr1mar11y focuses on
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housing land uses. The structure of the model is under continual

revision. It is 1nc1uded in this section because of its "useful" and
somewhat unique approachﬁto model bu11d1ng, Also, it represents a Canadien
experiehce in mode] building for regional planning.

fhe‘unique_approach can be described by the'modei‘s two goals:
tsydthesis and usabi]ity.27 The‘synthesis goal is cehtehed around including
interdisciplinary methodo}ogiee and.1nter-1nst1tutioha1»research. The
objective‘of the'synthesis goal is to include in the inodel bui]ding'the
theory from the academic 1nst1tutions, the experience from pub]it.and
private institutions, and from everyone the requirements for the mode1 to
be useful. Even some of the more applied university research has not
transported into decis1on-mak1ng processes of pub]1c and private dec1s1on-
makers. Also, some of the intuitive and experient1a1 know]edge of these
decision-makers has not been given to researchers so their models can
reflect more of thg reality of the horld. Cleariy, the resujts of a model
can gain from a synthesis of practical and theoretical input._

The deve]opers of the model felt the model should be "useful",
"usable”, and "used". In being useful, 1t shou]d be capab]e of ana]yz1ng
those concerns dec1s1on makers actually have. Economic to run, accessible,
- and easy to understand and operate would make 1t;usab]e, It would be used
Lif government offfcie1s ahd“titizens at large did not have to rely on the
resu]ts of a ]arge “b10ck box" they d1d not understand.

As a resu]t pf these goa]s, the mode] bu11ders adopted a process-
or@ented appro&ch~as opposed to a product- or1ented one. That is, they were
not directed to a specific end product (the final model) but were directed

~towards a process of continually adopting the model. Thus, they started
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with simple, loosely-coupled sub-modefs. Flexibility was maintained at all
times. Sub-models were continually {mproved upon but with the constraint

of usability. | | |

The project was initiated by the University of British Columbia,
various departments ofethe City of Vancouver, and the Greater Vancouver
Regional District. Later, the Prevince of Britfsh Columbia and Government
of Canada provided additional funding. Along with citizens, the variou;
institutions provided the syn

ts,and feedback on usability.
Initially, the model k&&“é!@ﬁ%”bub-mode]s: population and
eemographic, economic, transporiation, land use, health systems, pollution,
and human ecology “sub-models. In1t1a11}, all land usesvin 82 traffic zones
(ultimately 150-200 census tracts) were to be.forecastee.v Most of the

model developments, however, have been with resident1a1 land uses only. 28

;- ;These models and the 11nkages between them are under continual rev151on

,e;It is important to note that the economic model has an 1nput-output base.
To summarize, the model's generative function is quite reliable
relative to more simplistic approaches The model's structure is not
complex. Po11t1ca1 input is assured. Operationa11ty for all land uses has
not been achieved. The reaéon is the complexity and data problems of
allocating all land uses to a large number of zones. The model is
successful in some of 1ts'uses; depending on the use and on the adaption of
the model to prov1de;gea115tfc solutions. For a regional plan model,
however, it has three important drawbacks: (1) it dees not consider all
Jand uses simuTtaneOus1y; (2) 1t does not have an optimality criterion; and
(3) because of (1) and (2), ft can not determine what is the most efficient

allocation of land.
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3.4 Summarz

This section reviewed a number of qlternate approaches to mode111ng
the urban structure. The approaches ranged from the highly theoretical
NUE, to the practical Lowry, and to the “realistic" MIT simulatfon mode].
A11 had their drawbacks for use as a forecasting tool in planning land
uses. The NUE models generally lack a generative function and the output
is too\generaI for forecasting uses. The Lowry model is more suited for
impact analysis as it depends on exogeneously specified locations of export
industries. MIT was not operational because of formulation and data
problems. The question then becomes: are 1and ‘use models, per se, the
most useful approach to assist regiona1 and 1oca1 authorities in planning
for the growth? Land use models are differentiated from applications of
macroeconomic models by the former's concern primariiy Q1th allocation of
act1v1t1es and the latter's concern with the generation of activities. The
argument presented below suggests that they are not.

First one must consider the complexities of the allocation process
the mode1s are trying to accurate1y represent. ThﬁpoliticaI input whether
through stimulating the economy or restricting growth cannot be forecasted
on a;small sub-area basis. The various sociological phenomena that affects
behavioral patterns increases the complexity. Finally, the dynamics of the
Tand market.(1ong-term leases, col1ocat10n, relocation costs, price
expectations, etc.) further comp11cates the process These add to the data
requirements, already heavy from the many zones and severa1 land use
categor1es. In the United States, during the 60's, development of many ot
the sophisticated land use models were stopped because of problems related
to obtaining data.?9 1In particular, builders were unaware of the data and

computer resources needed; and most were too ambitious (trying to be too

2
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comprehensive in the purpose). The projects were abandoned when time and
money ran out. The British, on the otherhand; wére quite successful with
model-building:- Their models were highly aggregate; based on simple
theories.30 Given an umlimited budget, data collection is never
unfeasible. However, the uses of the model must also be considered before
huge data“collection for an aiiocation function is economié;liy feasible or
even desirable.

Second, considering the nature of the problem, models are needed more
fon medium to long-term forecasts on the regional or metropoiitan level.
At’each level of plans, the planner is concerned with two things:
forecasting the activities he cannot control and recommending the best
policies for those‘he can control. At the lower levels (zoning and
Subdivision), the planner has control of the amount and type of activities
r'afIOCated,to the specific areas. At the regional level, he has less
contr01 but requires forecasts of activities to stipuiate policies for
1ower level plans. 31 The higher level plans are medium to long-term policy
documents, thus, requiring medium to -long-term forecast§. The longer the
term the more difficult it is to forecast activities by‘finer sub-areas in
the region. Therefore, an aiiocétion function of fine disaggregation is
less desirable because of the requirements for longer term forecasts and
the difficuity of forecasting by small sub-areas in the long-term.

Third, tne incremental nature of the planning process makes
| large-scale land use models an inefficient forecasting tool for planning.
The recommendation for specific land-uses in the higher level plans is very
general. This gives lower level plans a certain amount of<f1exibiiityu
The lower the level of plan the more'specific the poiiciés on land uses

become. For example, as discussed in Chapter II, a sub-area is set aside
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~ for development or redevelopment by a district outline plan or a
neighbourhood outline plan. These plans give’general land use |
recommendations to subdivision plans and zoning. The subdivision or zoning
level actually e§tab11shes the size and nature of the land use. Given the
shortitérm required to approve these plans, the recent market demand gives
the p]annef an\jndjggzigf\of the nature of probable future demand. Given
this flexibility and the';EEFf>term approval process of lower level plans,
2 large-scale land-use forecasting model is less efficient than -extending
recent market trends.

- Fourth, related to the third, fixing land uses 1n the longer term can
‘result in an inefficient final allocation of land uses. If future market
conditions are significantly different froﬁ éxpected then an inefficient
allocation would have occurred. One might argue that'zop1ng bylaws are
changeable and, therefore; a reallocation can occur. 0On the contrary,
zoning by]aws“can be conS1dered_durab1e up to a point where the
misallocatfon is so large it pays the deve16pers to go through the risk and
expense of‘rezoning. | ' '

. In sum, the complexity of the allocation process; the nature of the
planning problem and the nature of the planning process tip thelfbrecasting
model in favour of not having an extensive allocation function. The broad
group of moqgls d1scus$ed in this chapter weré defined as having more |
emphasis on allocating activities to subsareas once the activities have
been generatedA(foreéasted) for the area as‘a whole. The néxt chapter

discusses macroeconomic models. These models emphasize more of the

generating of estimates of economic act ‘n the area as a whole.
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CHAPTER IV

- REGIOMAL MACROECONOMIC MODELS

4.1 A Review of Macroeconomic Frameworks

;n the last chapter, it was argued (considering the problem at hand)
that 1t’wou1d be more "suitable" for the model to have more of a generative
function than an allocative function. The groUp of models discussed in
this chapter are in some sense purely generative models. The purpose of
this éhaptgr is to review the different types of macroeconomic models and
Eecommend one approach. The considerations in this review are not directly
related to land use-but related to the essence of the macroeconomic models
themselves. Also, because of thé diverse nature of the models, no attempt
was made to precisely and explicitly weigh thé disadvantageﬁ and advantages
of each framework against the other frameworks. Rather, most of the
disadvantages and advantages of each framework aré simb]y expTained; in an
attempt to give a complete critique of each framework. The input-output
framework, it is argued be]ow,'is the most "useful" approach. A number of
the aanntages over the disadvantages make the Tnput-output approach
clearly superior to the other approaches. The next chapter returns more
directly to the problem at hand by discussing 1nput40utput and Tand use
applications. h

Essentially, the application of a macroeconomic model to a region

(even in the size concerned here) is the same as the application of a

.
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macroeconomic model to a country. The emphasis is, however, different.l
First, the spatial aspect must be considered. In the land use models

above, the anlaysis was more micro. The models above were concerned with

proximity between workplaces, residences, and shopping. In a macroeconomic

model, the openness of the urban economy is the spatial concern. That fis,
the concern 1s with the degree of interdependence between local and
non-local markets and, thus, interdependencies among regions. Second,
regional economies are more specialized in pro@uct1on and distribution.
Third, local governmentléxpend1ture are more endogeneously determined than

higher levels of government in national economies. Local governments have

less types of revenue generating sources. This means local govermments are

less capable of contfo111ng the urban economy through fiscal expenditures.
These factpré do not alter the basic models but are important to consider
because of their relative importance in thé~growth of =ytonal economies.

the macroeconomiesapproaches can be classified into two categories,
empirical and theore:::TT2 The empirical frameworks include |
extrapolation, ratio-extmapolation, and shift and shars. Extrapolation is
simply extending previous trends into the future. R;tio-extrapo1at1on
assumes regional growth will be proportional to the gro@th of a 1argef
regioﬁ or the country. For example, Edmonton Region's growth 1is
proportional to Alberta's growth. Shift and‘share is a combination of the
above two.

The theoretical fréheworks include export-baaa; regource-base
(neofc1assica1), Keynesian, and input-output. Besides differing contexts,
the frameworks emphasize different sources for the causes of growth.

Economic-base emphasizes exogeneous, demand factors. Resource-base 4

emphasizes endogeneous, supply side factors. Keynesian emphasizes

i
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endogeneous and exogeneous demand factors. 1-0, because of its highly
disaggregated structure, has the capability of considering all factors.
Since these frameworks are familiar methods of economic analyses, only a
brief comparative evaluation is given here. A

The first consideratgon is feasibility. The "statistical" frameworks
are not considered here. First, one might argue that sihcé the statistical
frameworks lack a theoretical base, they are less relfable. That is, one
can not presume all the economic phenomena will repeat {tself in exactly
fhe same form as 1t did in the past. Therefore, our predictions would be
more relfable 1f we first understood the causes of future change. Then
anticipating changes in those causes, we can predict changes in the events
based on aséuned casual changes. Second, from an academic point of view,
the study of trends, per se, is considered less interesting, by this
author, then the study of cause .and effect. Finally, because of their
simplistic structure they cannot be used for po]icy.and'impact analysis.

The neo-classical framework is too aggregated and lacks
comprehensiveness. The effects of a wide range of alternate types °§;11 e

policies and government impacts cannot be evaluated with theamédeIQJ‘f¥ﬂ1s%f“7f¢

best suited for impact analysis. This is also limited to 1mpact; Gf -
changes in labour, capital stock, and technology. In addition, it only.
allows supply side considerations; and of the relevant Consi&eratiqufdhly

a portion could conceptually and practically be included in the quéi;-w

: ; AL O d
Finally, the framework requires time serfes data, somethinglﬁbtW‘va1Iab1e

AR

in the Edmonton Region. The major advantage {s the long runf&ﬁ%*éok '

required by the planning problem.
The Keynesian framework, on the otherhand, does not hq f@aﬁy of these

drawbacks. First, it can consider both external and 1nterﬁ\ > {nfluences. on
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growth. Second, its highly disaggregated and comprehensive approach
increases the accuracy of forecasts and 9ses of the Q?del. Third, it can
be used for government impact and policy analysis. Fourth, it is very
flexible such that expected changes in productivity, propensities to
consume, and propensities to import, for example, can be introduced. The
problems with Keynesian framework include the following. First, it is a
short-term forecasting model. Second, the actual data available does not
always represent the measurements required by theory, therefore, proxy
variables are used. Third, ﬂt is a demand side analysis only. Fourth,
because of the size and stru%ture of the model, it is not easy to introduce
changes. Fifth, time series data are generally uSed. To conclude, neither
the neo-classical or the Keynesian frameworks are feasible because of the
requirements of time series data. Even in fairly advanced regions,
obtaining sufficient disaggregated data is still a problem,3
* I-0, on the other hand, does not have the limitations of the
. neo-classical or Keynesian frameworks and improves on the positive features
of the Keynesian. It does not require tfmeggeries data; I-0 is more
disaggregated, more flexible and, thus, c;n énalyze a wider range of
?égpélicies and impacts. Also, I-0 is suitable for short and long term
forecasts considering supply, demand, internal and é;ternal causes.
Export-base is feasible but has other problems.

The second consideration is accuracy.4 Export-base is the most
popular framework because of its simple and plausible causal structure, and
few implementation problems. For these same reasons, however, it 1s less
accurate than the [-0 framework.5 There are few implementation problems
because the export base method generally uses secondary, employment data.

This creates, however, a number of technical problems. First, this ignores
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differencés i 1hdd§try wage 1e9els. Di fferent wage levels will have
different secondary impacts. Second, it ignores unéanned income; primarily
property income and government transfers. Third, non-survey methodé of
identifying the sekyice from the basic industries are 1haécurate. Finally,
. the study g{ga is delineated by the boundaries of the published data, not
‘economic or policy boundaries. For forecasting, the I-0 table should be |
“ . built from surveys.6 Therefore, it Q111~not“have these problems.

The simple and p]aus1b1é causal structure relates to a nhmber of
conéeptua] prob1ems."The conceptya] difficulties are IaEgely re]ateg,td
the §uppress{on and aggregation of interdependencies among dec%gﬁon units
and groups in the econbmy. First, the export bésé mpde1s usually assumes a

stable propehsity to consume and do not eési]y ai]ow éd_hoc édjuStments.
Second, 1t'assumes a constant proportion_of cohsumption spend;:; that
creates local Tncome. Th1rd, ft,assumes regional growth to bé‘a éole |
function of changes in exports. This ignores tnternal factors and
relationships that affect growth. ¢Finally, thé linkages among basic
industries and fkom service to basic industries are ignored.. The

' -aggregatfon and suppression ddes not allow the‘ana1yst to make the

~ necessary adjustments. 1-0 does not have these prob1ems}becqyse of its
highly d1saggr¢gated, comprehensive and flexible framework. ’Intu1t1§e1y,
one would consider it more .accurate because of its highly disaggregated
component driving the model, ability éo forecast growth from a11Fspugpes,
ab111;y~to a]ter the mu1t1p1jer as required, bq11t in consistehcy Check%,
~ and dgta obtained from surveys.

hird consideration is the uses‘to which the model can be put.

First, economic-base 1s best suited for short-term projections and ohly for

changes in exports. Because of the simplistic and aggregated nature of the

-«
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typicai economic base multiplier, internal factors and relationships in a

COmmunity that can affect growth are ignored. Since these internal changes

-are longer-term and wiil»affect the multiplier, jt can be argued‘that

7 Second, the

economic-base 1s best suited for short-te
export-base framework fails to expiicitly rét»onize a region as part of an
interregional system. Spatial relations between regions are at the heart
of many regiona1 problems. Third, its aggregated and simpie exogeneousJ
endogeneous framework iimits the types of poiicy and 1mpact anaiysis it can
be used for.. Finaliy, the framework does not give a comprehensive
description of economic interreiations in the economy. I-0 does not;have*
these drawbacks. Its large number of applications are important to poiicy
and impact sensitivity anaiysis in the plan design, and its'feasibiiity;

. To summarize,‘l-o 1s recommended For the following reasons: 4

V(I) a good set of social accounts with' consistency checks

(2) can diSplay and analyze the. integdependence among all sectors in

the economy {primary inputs, business and final demand)

(3) simulates growth from all sources 4

(4) reiativeJy accurate forecasts

(5) flexible and transparent structure

“(6) large number of po]icy and impact applications, especiaiiy with

~the aid of 1inear-programming techniques

(7)  short, medfum and long term forGCasting capabiiity.
-~ As indicated above, I-0 as a framework has a number of advantages. . I-0 in
a regionai context has further advanta jes. :

Regional analysis is;different from nationai analysis because space
should enter into considératidna*‘Hhiie\g-o fsfeSsentiaiiy,spaceiess,

interregional trade flows are easy to measure:and;consistent with the -

.,
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theory The framework can provide ana]ysi%%of an industry s markets and
inputs at a disaggregated level (by industry and region). This feature as
well. as showing™ the structural interdependencedwould assist in ana]yzing
- major 1ocationa1 and regionai‘probiems. More specifica]]y, markets and
facto; input changes could be identified. A]so the region s structural
and thus income changes or how to prevemt the changes could be identified
Thus while I-0 is essential]y non-spatial; it is a good regional
'ana1ytica1 tool,because it can measure changes in economicvstructureiwhich,
in fact, refiect’spafiai shifts‘in economic activity.8~
The drawbacks to I-0 are not critical. First, it takes several years,
7hequires much expertise, and 1s very expensive to bui]d However, this
must be considered relative to the uses and the absorption of present
research costs. “Second, in the simp]e I-0 model, the conceptual prob]ems
- include:
(1) f1xed coefficienEs assume an aosence of technological change
(2) assumptions of fixed priceslthroughout the forecasting perfod
‘(5) the inability to explain or deal with interregional competitive
forces that 1s, migration of industr?%s and peop]e
(4) not allowing input substitution %%ﬁu
(5) final demand 1s exogeneous '
,(6) not designed to specifically analyze thecdynamics of structural
change, specifically, disappearing industries, new indust;ies, scale
- economies, Tocalization economies, urbanization economies, and
indivisibilities. |
These oroblems are not critical‘hecause adJustments»to'the simple
~model or additional analysis can be made to include these factors.9

The next section oqtlines the structure of an I-0 framework.

i
J
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4.2 Structure of an I-0 Model

* The urban economy involves a large number of economic establishments
and markets trading among themselves and with other geographica11y3def1ned “
_economies. These interrelationships will affect the level and mix of
output, income and emp]oyment: The Input-Output (1-0) is a general
equi]ibrium framework offering the detai] necessary for’descript1on andﬂ
‘analysis of these interrelations.l0 |

One m19ht distingufsh between 1nput-outpu£ as a set of accounts and
the Leontiéf input-output theory used in forecasting.11 The‘former is
 necessary for operationa]ity of the latter. As a set‘of accounts it is a
descriptive tool which'traces the transactions between buyers and sellers
.1n the urban economy; that is, sales of intermediate goods among ‘producers,
sales from producérs to final users including government, business {capital
formaf1on), households and exports, and industry purchases‘of primary
{nputs such as 1mportsvand household labour services. Thus, the I-0
framework requirés detailed information and, as a ré;u1t,'offers a detailed
and useful approach. The éccbunts are listed in a transaction tqble; refer
td figure 3. The accounts are the samé as national ‘accounts except the |
business sector is disaggregated and the 1ntérindustry flows shown. The-
accounts show the-simultaneous supply.énd demand re]ationsh1ps of an
economy in equilibrium. The table represents the transactions in fﬁeb'
economyvover a period of time; usually one year. 1-0 being a general
equilibrium framework assumes thé economy.is in equilibrium in thaf period.
In reference to figufe 3, MatrixlII can be ca11ed the endogenaous or

s
A5

interindustry matrix. It records tﬁgxsaies flow from sectors at the left

%
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to seétors at the top. It is a double entry accounting system, for it
shows purchases for final demand and, also, by business for 1npnts into
their production. A sector consists of a group of industries assumed to
produce a homogeneoﬁs output withesimilar produptfdn or- cost functions.
Because of the large variety of outputs and differing production
techniques, data, compilation and disclosure rule problems hinder the
analyst fro@ following the homogeneous output rule precisely. In practice,
industries are aggregated by relatively similarily behaved production
processes or sales. Matrix I, called thé exogeneoug Or final demand
matrix, shows the sales of each sector on the left to final demand

sectors. Matrix IV is the trangfer matrix. ,It shows the transactions

betﬁéen the final demand and primary input sectors. The primary input

matrix, Matrix III, gives the primary input purchases of sectors at the
top. By definition each sector's total sales, tota1 purchases and, thus,
total output are equal. The value of all final demand pﬁrchases is equal
to the Gross Regional Product.v The value of the primary inputs i1s equal to
totai value added which is also equal to Gross Reg1dna1 Product. The I-0
framework is a powerfu1 descriptive tool, hohever. the concern here is y1th
its use in forecasting. '

The essence of Leontief's 1-0 general equilibrium model {s "...the
technical relationship thatapurchases of any sector (except final demand)
from any other sector depend, via a linear production function, on the
output of the purchasing sector."12 This can be illustrated by the

following equation:

'X1j = a1JXJ




-

Where
X1 j = the value of input of sector i used in the production of output

~j (transaction tahle entries, Matrix I1);

>
[

j = the,value of output;
s“%:
the value of input i to produce one dollar of output j

it

{technical input coeff1q1ents).
Th'  assumes that the production functions are linearly homogeneous. This
also assumes that: | |
1. since each commodity is assted to be produced by a single industry by
. one prbduction method, there can be no joint products
2. .the linear input functions assumption restricts the functions to
constant returns to scale and no substitution between inputs
3. additivity, meaning the total productive effort is the sum of the
separate efforts which rules out external economy and diseconomy
effects
4, at.a’given set of prices the system is in equilibrium
5. in static I-0 médels, there afé no capacity constraints so that supply
of goods are assumed to be perfecth elésﬁic | )
Equ111br1um is achieved when each sector's output‘equals ‘total purchases
from that sector. These purchases are determined by’ the outputs of al7
sectors including itself. This can be expressed as:
Xi = LagiXy + agp¥p + oon v agiX; + oo vagy Xyl = ¥
where Y; is the fina] Hemand for sector i. Or in matrix format:
X (1-a) =
This represents a set of s1mu1$pneous linear re]at1ons. Each relation

shows the distribution of its output to be a function of the output of the 33

other sectors. The general sobq}ion of the system shows the output of an




67

' sector to be attributed to deliveries to final demand.J The general
" solution can be expressed as:

X; = alilYl + a112Y2 .4 aliiyi .0t aliNYN

Or in matrix fbrmat using matrix inversion:

= (l-a)-ly
To trénsform the accounting tables into a tool to be used in forecasting
involves a number of steps. The first step is to transform the transaction
table into a table of technical or direct input coefficients, a;3S. The
technical coefficients measute the amount of input required from each
sector-to produce one dollar's wirth of the output of a given sector.
Since in equi11br1um‘grbss outputs equal gross outlays, the technical
coefficients can be calculated by adjusting gross output. The technical
coefficients are calculated by subtracting inventory depletion from gross
output then d1v1d1ng the transact1on entry of each sectors column by the
adjusted gross output for that sector. This gives the d1rect impact on
each sector and each primary input for a dollar's increase in output of
each sector.

The next step is to transform the direct coefficient table into one
that also includes indircet effects. As a result of an increase in demand
for a sector's output, that sector will increase demand for inputs from
various‘seétors; Thus, industries se]iing to that industry will increase
their output. The chain reaction continues giving the multiplier impact of

a change 1n output. A further‘step can be made where the table is

)

transformed to include effects of increased expenditures induced by NS#ése-
holds changes in income. Th1s.1ast step is referred to as cloaing with
reépect to households.l3 yith this last step, the multiplier includes

direct, indirect and induced impacts. The transformation of the direct
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coefficient matrix to either the direct plus indirect or direct, indirect
and induced coefficient matrix can be done by two alternate methods. The
first is by iteration. Iterative calculation of secondary effects are made
until the effects are minimal. Alternatively, the matrices can be
calculated by matrix inversion. The inverted matrix is commonly called
the Leontief inverse. The coefficients derived by either method predict
the value of‘1nputs required of each sector's output to deliver one dollar
of output to final demand of a secto;. An outpﬁt multiplier is derived by
summing the columns of the Leontief inverse. It gives the direct and
Tndirect (and induced) requirements from all sectors needed to deliver one
~ dollar of a sector's output to final demand., Output multipliers are
'generally used to indicate the struétura] interdependence between each
séctor and the rest of the world. Income multipliers, however, are more
often used. | h

There are two types of income multipliers. Thé Type I multiplier
refers to ratio of direct and indirect i#Acome changes to the direct income
change from a change in the final demand of any sector. The Type II
multiplier includes direct, indirect and induced income changes. The
direct and indirect income change is calculated by mﬁ1t1p1y1ng the column
entries of the Leontiefq1nvekse'(households excluded) by the selling
sector's household row coefficient from the direct coeff1c1ént table.
Summing the column gives the income change per sector and summing all the
sector's totals gives the aggregate economies income change. The Type 1
multipliers for each sector are calculated by dividing this, dﬂrect and
indirect income change for each sector by that sector's direct income
change. The direct income change is the household row enthy in the direct

coefficients table. The direct, indirect and induced income change can be
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read off the household row coefficient of the Leontief 1nverse’w1th house-
holds included in thé endogeneous matrix. The Type Il multipliers aré
determined by dividing this income change by the direct income change. The
aggregafe é&onoﬁy multipliers can be obtained by summing each sector's
direct and indirect (and induced) income change, summing the direct income
change, and then dividing the former by the latter.

Employment multipliers can be obtained by a number of methods. One
method is to impute values for employment in the transactions matrix using
ad hoc methods. Another involves estimating employment production
.functions.14 For eaéh sector, employment is regressed on Qutpu%. The
coefficients of this‘regression are multiplied by the direct and indirect
coefficients and the results added across the rows. This gives the direct
and indirect employment effects from a change_in)final demand. The
multipliers are calculated by dividing this by the direct employment change
(the coefficient 6f the employment production funcfions). Induced
employment effects can be included by estimating a set of qonsumption
functions and multiplying these coefficients by the employment ¢
coefficients. This method caﬁ’be used on}y if regional coeffiicients are
available.

Forecasting with the I1-0 table can be done as follows. The first step
is to project final demand. Second, final demand is adjusted by
multiplying the projected final demand by a ratio of inventory depletions
to final demand in the base year and then subtracting this from the
_briginal project;d final demand. Third, each row of the direct and
indirect (and induced) table of‘coefficients is multiplied by the

corresponding row's adjusted final demand figure. Fourth, the columns are

summed and this output sum is placed at the bottom of the direct

o
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coefficient's table. F1fth,/éé;h co]umn~éntry of this table is multiplied
by the output sum at the bdétom of the column. Sixth, the inventory
adJustmént subtracted in the first step is then added to the output ;um.to
give total gross output in the forecast year. The result is a new
transaction table, showing the flows between inputs, industries and final
demand in the year projected. The time period for projections can be‘any
time period. However, considering the implicit assumptions of fixed input
coefficients, fixed trade coefficients and unlimited pfant capacity, the
above paradigm is best suited for short-term forecasts.

Medium (comparative-static) and long-term (dynamic) forecasts can be

accomodated by the steps described below.15 To aid the discussion, a fully

dynamic model would take the following form:

i

X=AX+CX+Y
where
X = a vector of sector outputs
Y = a vector of final demands
X = a vector of the‘rate of change iﬁ output for each sector
C = a capital coefficient mafr1x representing the stock of one
sector's output used per unit of output of ahother industry over a
specific time period

A = a matrix of direct input coefficients

-Step 1. The regional final demand are projected by its.coﬁponents.
The projections should be for every year including the termina1 period._

§Egg_gf The input coefficient matrix (A) is calculated. Up to this
point only a static short-term forecast can be made.

Step 3. The regional capital coefficient matrix is estimated. It is

important to consider capital investment separately because large increases
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in output will require additional plant capacity so that projected changes
in final demand will require more intermediate godds and also more
investment goods from the re]ati*e sectors.

Step 4. Changes in the inpdt coefficient matrix are predicted. The
coefficients are expected to change because of relative price changes,

product mi x variations, technical changes, localization economics,

urbanization economics and economics of scale. At this stage, medium term

7
e

or comparative static projections can be made.

Step 5. Predictions of changes in the capital cqgfficient matrix are
made. ‘

Step 6. The regional and national input coefficient are expected to
be different because of differences in productive prdocesses, marketing
practices and product mixes. If the above matrix‘]A) represents the
national cbefficients then it has to be disaggregated into regional input
coefficients and an import coefficient matrix or vector. . ' v

Step 7. The imported capital coeffic%ents are estimated. vThey are
combined with the investmeﬁt effects of C to give total expansion
investment requirements.- This step identifies productive capacity
constraints. It may be useful to do the same procedure for labour to
identify labour supply bottlenecks. ‘The éppropriate adju<tments to the
‘forecast can, thus, be made.

Step 8. The regfona] trade coefficient are forecasted. This wouLd
involve forecasting shifts in the share between imports.and local inputs
for both intermediate goods (Step 6) and expansion capifa] (Step 7).

The 1-0 frémework, because of its matrix format, high disaggregation,
-and comprehensiveness, wf11 allow the analyst to easily make the necessary

adjustments for long-term forecasts. From the forecaéts, the planners can
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determine the future economic activity requiring land but not the most
efficient allocation of land to those activities. With the\a{d of linear o
programming techniques, however, plénners achieve this function. Linear

programming will be discussed next. , ) ¥

4.3 Linear Programming, Optimization and Efficiency

I-0 is neutral from a policy perspective. With linear progrdhming,
however, the I-0 is given the normative content many policy and planning
applications reduire. This ié especially important to the plan desjgn
models discussed in the next chapter.

Linear pragramming, I-0 analysis, and game theory are three branches
of linear economics.16,17 In fact, 1-0 can be considered a special case of
linear programming. 1-0's problem is to determine the single set of
outputs that is cénsistent with a predetermined set of final products.
Generally, in iinear programming, goals and activities are analogous to
final producté and outputs. The difference- from I-0 is that in linear
programming the set of final products is not known but becomes the object
of a-goal. In Tinedr programming there are a number of different plans or
arrangement of activitiés that fulfill the goals. The problem is to
determine which of thesé satisféctory plans is best. Linear programming is
a mathematical procedure that does just that. Precisely, it is defined as:

....the analysis of problems in which a linear function of a number
of variables is ?o be’maximized when those variab1es.arel§ubject to a
number of restraints in the form of linear inequalities.

Linear programming is different from classical optimization techniques
because inequality constraints can be in included. This adds more reafism
to optimization techniques. More importantly, a ﬁUmber of activiffes, each

requiring a specific relative amount of inputs, can be optimized in one
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operation. This enables optimization techniques to be applied to many
comp]ex real world prohlems?i;nf more 1mpor2spce in this section s the
re]ationﬁhip between programmfhg, efficiency and resource allocation.

The planners ohjgctive is the efficient allocation of a resource,
land. The objectiveé%f Tinear programming (in production applications) and
the concept of efficiency are one jn the same. In a linear programming
production problem, the objective %unétion depends posfitively on all choice
variables (activities). If one of the variables is increased, providing it
is not constrained, then the value of the objective function has’to rise.
If it in fact rises, it was not at a maximum in the first place, The first
pattern was feasible but not optimal. Linear programming will continue to
search for a pgftern of outputs that gives a haximum to the objective
function, sﬂqu¢t‘t6 the resource constraints. At the maximum, the pattern
of activity outbuts ?s efficient because some activity outputs cannot
increase without either decreasing some other outputs or increasing some
resource'insuts.' This is precisely theldefinition of efficiency.

Thjs sense of efficiency is purely éA"technical" term related to
production.tﬂTQét is, resource$ are allocated to activities according to
the staté‘of'techno1ogy. But, the relative value (objective function

weightéron the choice variables) each activity contributes to the overall

‘objective is determined outside the model. Specifically, the economic

inferpretation-of the weights are prices. They are set by society;s
re]ativeupreferenceé for outputs and proportional to marginal rates of
substitution. This descpibes the relationship between the welfare concept '
of efficiency or, that is, "economic" efficiency and the purely
computational technique of linear programming. To e]aboratei‘in the

optimal solution, every set of prices will give an efficient pattern of

*
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-resources such that there is an array (if not/infinity) of efficient

soiutions,7one for every set of prices. Thus, from a welfare prospective,
‘Loneecan say that Tinear'programming will determine the compiete’set of

production patterns, but society uiii have to decide which pattern is

Optimai by!some other criterian., Linear programming,'however, can allow

soc1ety 3 preferences to be refiected in the Optimai allocation, 19 That
‘('is, 1inear programming can determine the ‘complete set of efficient
,'so]utfons given“a compiete set of societal preferences.

Through'the concept,of efficiency, the relationship between linear
programming and a comp&titive.equilibrium can be seen. Economic theory
’teils-us that in perfectiy competitive markets if firms max1mize their
profits given pOSitive prices for outputs and inputs the resulting
'equiiibrium aJiocation of outputs and inputs will be efficient Thus,

~

competitive profit max1m1zation by aii the. ind1v1dua1 firms will give an

of determining the efficient set. Linear programminq can' do exactiy the
-

LY

véf//same thing, ‘ut from a centraiized perspec(ive. Because of the additiveiy
~and const lt,returns to sca]e assumptions,ait is irreievant whether it\is
in the aggregate or’individua1~firms ue”think of being maximized.
£3 1iiustrates its usefulness to program -and resource pianning | That is
1inear programminq can s1muiate a competitive market where one does not
vex1st in order toﬁhake optimai ‘decisions on resource utiiization. 'Linear
programming does this by giVing soiutions for the op@imai allocation of
V scarce resources. At the same time and perhaps more 1mportantiy, the
prices of those scarce resources are determined .

Thesed,shadow prices are determined in the dual. of in this case, the

primai iinear programming probiem maximiZIng output. - f;

Doer o b - . ’ : . R T - : . -
5 . . | . i t

vi , efficient set of inputs and outputs. This‘is a decentraiized atomistic way

-
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Their plain economic meaning is none other than that of marginal
value productivity of the productive factors in an optimal situation ,
when all alternative uses have been taken into account. The reason why
shadow prices are considered to be important for an economist is that
neo-classical theory of resource allocation tells us that the value of
- the national product at given prices of final commodities is maximized
if productive factors are employed so as to equate their value
productivities with their rentals. :

The dual shadow prices are important tools for planners as discussed in the
planning model below.
'This concludes a digression from the 1-0 discussion. The next section

outlines a number of approaches to'interregional [-0 tables. e

S A

.4.4.Ih;erregiona1 1-0 Models
’ Intetregional input-outbut analysis is essentially an extension of
regional input—output analysis. It is used'to display ﬁﬁd analxzehthe
ecﬁhOmjc 1nterdependencies.between;regions or‘among'sub-areas of'a,regiﬁn.

A reg*onalymodel is transformed into an interregional model by épecifying

not only sector origin but also regional location and destination of sector' Bow

L)

A ; i o Lo v oo "}-.; . : . , ;., . ‘ z
It was ar@&%d above fﬁét;because of the uncertainty of Tong-term

.l

fofecaéts for a large number of small sub-areas spatially disaggregated -

output. e

forecasts are not particd]ar1yuusefu1. It can be argued, however, that the
projections become mdfe,valjd if there,are larger and fewer zonei'
considered. The uncertainty Wou]d decrease because larger zones ﬁean the
dynamics of the market would be mo?e stab1é a§ross zoneﬁ. ‘Also, stability
would be greater if the pkojectio;s Qeré short-term, the products hédfhigh

~ transportation costs, the products exhibited a major differentiation among

$ub-areas, and ¢u1tura] and institutiona) factors such as 1oya1ty,\hapit,

inertia, and management‘poliéy were stable. While projections become,moﬁé‘-

Sy

valid with larger zones; they are still best suited for short-term = = .

. o : B
e e ’ ‘ ‘ A ‘

0
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anelysis, un]ess/simplxing assumptions”or extensive/but questionable
A exogeneous ana]ygis is made.2l As Richardson has suggested:
| | eoit may’be simpler and no less accurate to use an 1-0 teble for
the region as a whole as the main forecasting tool, and then to employ
ad hoc apportionment techniques.. '
A A short discussion of interregional 1-0 models is included because of
"the po]icy and impact appllcat1ons at the provinc1a1 and regiona1 Tevel.23
For. example the province s economic and land use impacts can be determined
“in any of the eight provinc1a1 regions. Or consider the impacts of shifts
in 1ndustria1 Tocation and popu]ation transportation planning, aed
spillover effects in sub-arees in terms of output,‘empldyment, incowe or
e fiscal reSourCes. FOr.cegional,planﬁing, given the above 1im1tat10&s; a
vsuiteble interregional.di;tinctionIWOUIﬁ be between the centre city, the

metropol ftan area, the regien, and the rest of the world.24

4.4.1 Isard "Pure" Interregionai25

Isard argues that»geographic flows are caused by: (1) geographically
unbalanced distribetions of population, income.an&‘resources; and (2)

kggeconomnes of scale.. The former gives rise to heteroqeneou§ market areas.20

Since heterogeneous market areas are common, ‘analytical techniques are,
required to take them into account. .He proposes a general model which does
recognize geographic inequalities and includes the heterogeneity of

|

existing market areas. As a conseq&ence, he argues, any commodity in a

~'region must be unique from the same commodity produced in any other

. region. Isard's model has different technological matrixes for each regiOnb

and for interre]ations between regions. Thus, a commodity input from one
¥ . . . [ S
region s assumed to be different-than the same commodity input in another

region, ’
@

4
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The mode] s projections are onTy valid if the sub-areas exh1b1t
constant relative supply prices and constant patterns of suppTy As with
all I-0 input coeff1c1ents, the interregional 1nput coefficients areﬂ
assumed stable. Thus, an increaselin demand‘uiTT cause a proportionate and
constant increase in the supply of inputs from all regions. Isard himself
recoqn1zed the T1m1tat1on this assumption places on progect1on
applications. For projection purposes, one would have to expect stability
in relative supply prices or do‘extensive side calcuTations; for example,
using.Tocation theory, feasibi]ity studies, marketing studies and ad hoc .
judgement. Another limitation is the extensive data requirements. 27 Since
each table is bu11t 1ndependent1y with an 1mport row -and export column for .
the rest of the world, the survey method is requ1red The mode] 1s best

-suited for impact anaTy

‘"» how chanqes in one sub-region will lmpact on

other sub-regions.or on th wregjon as a whole.

/

A

4.4.2 Leontvef "Baﬁanced" Interregional28

The balanced mog el is concerned with the reTat1onsh1ps of goods among
dvfferent sized mafket areas, say among the national, regional, and
sub regiona] markets. The classification of']eveTs'is arbitrary, here, and
coqu theoreticall 1nc1ude any number of Tevels in any size area. The
model is based on the observation that some: commod1t1es are produced cTose
to where they are consumed and others at farther d1stances.' Thus, nat1ona1
““commodities are _easily transported and consumed in all areas in the nat1on
'1nc]uding large distances from the Tocation of their production. In the
model, the product1on and consumpt1on of nat1ona1 commodit1es are balanced
on the natlonaT scale. Regional commod1t1es are consumed and produced in

the region. They are balanced on the req1ona1 sca]e The market~1eve1.
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disaggregation could continue to the nth grder sub-classification. The
matr1x of the model d1saggreqates commodities belonging to d1fferent Tevels
of markets.

The model assumes each region's pr0portionnof nation&l level commodity
output are constant. That is,'regardless of the change in national output,
_the given percentage geographical distribution in 6utput will remain the
same. The strudture of the model is, thus,-representéd by the nqrma1 input
coefficients and regional-nationa] output share coefficients. The latter
\'represents the proportion of total national g%tput of a 'national’
commodi ty produced in a particular region. é%f:ven national fina demands,
t’\“ stemgcan be solved for national outputs of any commodity in the |

B o o
reqular format.

Outputs of.regional g;9d§ are a little more difficu]tl First?fgmé
cbmmodities are separated;into';egiohal and'nﬁtioﬁal classifications,
Then, each reg1ona1 commod1ty is d1saggr¢gated by reqlong The result is a
‘.set of reg1ona11y balanced equat1ons (output minus 1nterme&ﬁate déwand
’equa111ng f1na1 demand) for each region. Each regiontg“systqm can be
described as an m x n matrix where m.repéesgnts the number of regionally
balanced outputs and n the number of commodities plus a final demand
column. The numbertof commodities, n, includes both regional and national
commodities produced in that region, because the total regional consumption
of anyAregional commodity may also depend on non—éegiona] inputs. Thus,
the output of each regjbna]ﬁcqmmodity depends on the level of régiona1
final demand and output demands of national commodit{es, The regfona]
+outputs of regional industfies can b; dete%mined from{regiona] final

demand, The regional\putputs of national commodities can be determined

from the national outputs by the fixed share output coefficients. - The
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national outputs can be determined by a given set of national final
demands. Thus, total regional output can be détermined from sets of
regiona] and national final demands. ' ﬁﬁ
The inputs are determined by two Opérations. The output of each
industﬁy Tocated in the region is multiplied by the input coefficients of
all their inpués. This summgd, plus the total fegional and national final

demand for the region gives total regional consumption for a particular

‘commodity.

. &
i d; ffﬁrgwce between

The balanced model is g,-

”yndependent sub-regional tablésh%f' ¥s, as fhe above illustrates, assumes
the same input structure-among sub-regions. The model is nof, however,
restricted to this assumption.29 The model could adapt a pure interregional
approach. Thus, a survéy would he requirdﬂgﬁwBut generally,:a non-survey
approach is used, this being one of the pdgﬁtive featurgs of the approéch.
The data requirements include a regional set of input—outbyt coefficients,
the regional out;uts of regional industries, sub-regional distribution
shéresAofsgegional industries and sub-regional final demands.

Another positive feature is ability to help analyze changes in
interreg%ona] trade. The balance of trade output of the mode}, however,
Q111 not indicate the subiregional location of fmports or exporté.
Leontief assumeség?at the imports into any area will come from the nearest

surplus area. However, the model is set up as a hierarchy of goods with

market areas of different sizes and varying amounts of 1nterreg1onal

=¥

o8
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trade. As a descriptive planning tool it can be useful. As Leontief
pointed out, if the table was triangularized, it could ana}yze:.
...dependence and independence, hierarchy and circularity (or
multi- reqional interdependence)...the four basic concepts of structural"
analysis.
With a given final demand, excess capacity, capacity constraints and

possible import substitution can be identified. Thus, changes in a

region's net trade balance can be QgrecaSted, but not the locations of

e

imports or exports. . _‘ ‘ B

The ba]anced approach a]so has a number of drawbacks. First, the
constant nat1ona1 -regional pr0port1ona11ty assumpt1on is 11m1t1ng Secohd
changes in regional final demand will not affect the output of any nat1ona1
1nd§§try. Thus, it is best suited for analyzing sub-regional implications

of regional projections of Eegiona] industries wher the location of the

dmpact is not‘identified. ‘Third;»the industries classifipd into a category

are not likely to have homogeneous markets Fourth,>éach G regional

industry is to some extent a reg1ona1 1ndustry Fifih, there-are fegiona]
differences in consumption and production. Sixth; by using the

coefficients o% a higher level region, the coefficients for the sub—region

are less accurate Finally, the model assumes there is no cross hauling. -
These drawbacks 11m1t its accuracy for ]ong term. forecasts As a ad hoc

apportionment tool, however, it can be quite useful.

4.4.3 Models Dea11ng with Interreg1ona1 Trade . o

The models d1scussed below are, strict]y speaking, not a]ternatlve to
interreg1ona1 models. Their purpose is to deal specifically with
interregional trade flows.

The Chenery-Moses model is derived fkom'base year interregional trade
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f]ows.31,32 It .requires less data than the pure model but at the cost of

two assumptions. One assumption is constant input trade patterns, that is,
if a region imports a commodity from other regions in certain and fixéd
proportions, then all industries in the imporf?ﬂg region imports that
commodity from the same regions in the same pfoportions. The other
assumption is_a constant distribution-of imports améng consumihg sectors in
a region. Thus, imports are'dfstributea in a region in the same manner
they are produced in the region. The trade coefficient is ca]culated-as a
) %ggpor&$oﬂjof total sub-regional consumptfon; that is, sub-regional
:burcﬁase éf'a commodify from a given sub-region as a fraction of total
regional consumption. Fbrecasts of interregion{] trade are made by
mu1tip1ying theabase»year coéfficieng by the forecasted regional
consumption. This is, of cburse;hbased‘on the assumptions of constant
import and constant distribution coefficients. If the coefficients can be
estimated they could he replaced. In summary, the advantages are
relatively -less data requirements and locational specification of imports
and exports.” The disadvantages are simplified assumptiéns.

Linear programing transportati: ,upé‘models dffe? another method of
dgtermining 1nterﬁegf%na1 trade flows. The data requirements include
fégiéna] production and consumption of each commodity and average
transportation costs per unit between regions. Regional trade is assumed
to féke place in a manner that wii]“minimize transport costs. This
approach is unsatisfactory because of: (1) data problems with getting
actual iréhsportation costs from surveys; (2) secondény data information on
commodity transportation flbws usually does not coincide with the sectoring

i

scheme; (3) the model assumes no cross-hauls; and (4) the optimization

€

technique underestimates the actual number of trade flows that actually

0CCUY‘.33
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Various forms of qravity models can be used. The most notable one was
developed by Leontief and Strout.34 The model requires less data than a
linear prégramiﬁg model because only relative distances not transportation
costs are réquired. In the gravity adaptation, spatial commodity movement
is related to production in the sending region, demand in the receiving
region and distance between them. The model is not restficted to the
constant coefficient assumption. However, the model qOe; require base year
data. The parameter eﬁtimates (a competitive factor, an isolation/
accessibility factor, a distance parametér ;o introducé non—linearify) are
| based on~thgwsa§é ygér data and aséumed’to apply to the future. The model
| fs confinuous. A150; the mode1‘cannot take into consideration changes in

»

output and ihpu; requirehents of sending and receiving regions. As a
result, the %;ébu; of the model is fjuestionable. On the other hand, the
data requireﬁents are relatively minor.

In'summany, the choice of whether to use and intérregiona1 model and,
if so, between the interregiona] models and among -the trade modé]s depends
on the purpose of the study and the fime and resources alotted. The
Che:Sly—Moses and pure interregional are advantageous when considering a
siﬁg]e sub-region or its affects on other sub-regions. The balanced model,

on the other‘hand, is-advantageous in analyzing regional impacts<

sub-regions.

4.5 Applications

[-0 has many possible app]ications.?s The problems it is intended to
‘solve must be decided before the data is collected. Once the data is
collected and compiled, certain problems cannot be analyzed beéause the

structure of the model as designed wdu1d~not allow it. The following. is a
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brief overview of possible applications. Thq\&%m is to demonstrate the
usefulness of the I-0 model in regional planning.

To the private sector, an 1-0 model can forecast sales by area, by
number of establishments and by number of employees. Import substitution
analysis will assist business development of new enterprises in the area.
Nﬁpregate growth pfojections and impact analysis will alert business to
possible factor input shortages in the area. 1-0 is even more useful to
the public sector.

To the public sector, the use in "consistent” forecasts of output,
income and employment by sector and the input requirements was discussed in
the last section. Another use is for fiscal impact ané1ysis which could
include the estiﬁated tax 5ase and services réquired. If considered prior
to model development, the fiscal impacts of specific government po]icies or
programs can.be determined. The effects these changes will have on

intergovernmental transfers can also be determined. In addition, in an.

AT
Ly

interregional model the sub-regional fiscal implications of forecasted -
growth or specified impacts can be determined.

The highly disaggregated framework makes I-0 very useful for analyzing
impacts of private actions and public policies and programs on the economy
as a whole and on individual sectors. Some specific problems that could be
analyzed would include:

...water quality management, air pollution, sonic po]lutfon,

solid waste disposal, airport Tocation, transport system redesign,
land-use control, industry location, shopping centre lobcation,
crime and juvenile delinquency, housing and new town design,
disarmament and conversion, social welfare program evaluation,
open space, capital budgeting, unemployment and job opgortunities,
educational system reorganization, and slum clearance. 6

Some of the above uses are included in what can be called structural

- analysis and economic development. This would also include -
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self-sufficiency analysis, per capita income and employment impacts of
alternate developments, stability analysis, import substitutionﬁ
bottlenecks, factor inputvshortages, and fdentifying the econoﬁic
interdependence in a region. Also, by determ{ﬁﬁng the full employment
Tevel of aggregate demand and by traéing hack one\Can find out which
industries can contribute the most and how much they n;éd\to be .
stimulated. The above types of analysis can be done at a gfgply
'disaqqregated industry level for the region and sub-areas witﬁ}h\the ‘ﬁ@
region.37 This type of analysis is especially 1mportant for it a]lbus the
lTocal governments to determine the level and type of pos1t1ve po11cies‘\\
requ1red for their economigSZevelopment objectives. Positive policies

could include: providing information and professional assistance;

investment in training and education; discriminatory ?"‘hg_practices for
public uti]ities; direct financial aid including al]&grants, loans

and tax rebates; restricting development o selected growth points; and

discrimipafory allocation of services and infrastructure. I-0 with thg
above analytical tools and the ability to forecast the impécts of fiscal
government expenditures at all levels, gives the 1oéaJ governments a very
useful tool in forecasting the overall magnitude, type, and location of
growth within the region.
I-0 is a]most without competition when it comes to a model that can
' s1mu1taneous1y ana]yze ecological, social, and economic issueg.38
q‘Ecological, economic and social issues represent a complete set of regional
vp}anner concerns. While data is a major problem, I-0 represents a
framework which can work igwa: a one step social-environment-economic

impact assessment.
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N analyzing alternate policies and programs, it can be argued that
both efficiency and equity impacts should be considered.3? The 1-0
framework is ideally suited to this because household(income could be
disaggregated by socio-economic classes and sub-regions. The effect
policies and programs will have on differeht income groups could be
evaluated. Analysis along this line could bevextended to developing a
Bergsonian social welfare funetion. The function includes both equity and
efficiency considerations. The function could be specified by some
poiitica]-administrative means, then maximized using the I-0 table and
linear programming. Industry development would then be encouraged or
restricted according to their efficfency and equity contributions to the

region.

4.6 Summary

The input-output framework is recommended as the most suitable
forecasting tool. Its primary advantage is ifs highly flexible,
diéaggregatéd and comprehensive structure. This allows the'analyst to
examine more clearly theleconomic'interre]ations within and among regions.
Also, the analyst is capable of intraducing structural gﬁanges into the
forecasts. In addition, 1-0 is capable of a large number of poljcy and
impact appTicationsf' The\l 0 technique, therefore, is recommendpd because:
(1) its suitability to the neédi\:f the regional plan, such as ong—ferm
forecasts; (2) the relative accur cy of the. foreca§_§, (3) the uses for
policy and impact analysis for the ﬁ\gwona1 P]an and the uses in other
areas. Qur specia] concern here,. as'T+{u§£:gg§d in the next chapter 1&@

the focrs is back towards forecasting land USGS..

)

/

a'& "

the uses of I-0 and linear programming used together In the next chapter, '
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Footnotes

IThis discussion follows the presentdr1on in Werner L. Hirsh, Urban
Eeconomics Analysisz (New York: McGraw-Hill, 1973), pp. 173-268.

21bid.

38.M. Rubin and R.A. Erickson, “"Specification and Performance
[inprovements in Regional lcondmetr1g Forecast1nq Models: A Model for the
Milwaukee Metropolitan Area," Journn/ ol Regianal Seience, 20) (February
1980), pp. 11-35. T

4To my knowledqge there are no comparative studies on the accuracy of
[-0 and export-base forecasts. Accuracy tests with comparative models will
depend on the nature of the tests and the nature of the actual models
built. [ In at least two tests 1-0 did compare favourably with Keynsian
frameworks. See Leontief, The Structure of the American Fconomy; Harold
Barnett, “Specwf1c 1-0 Projections," Long-Range Feonomic Projections:
Studies in Income and Wealth, (Princeton: Princeton University Press,
1954); Hollis B. Chenery and Paul G. Clark, Interindustry Feonomics, (New
York: John Wiley % Sons, 1959), pp. 173- 76 and Robert B. W1]11amson,
“Simple Input-Output Models for Area Economic Analysis," Land Feonomics, 46
(August 1970), pp. 333-38.

Scriticisms of export-base can be found in Hirsh, Urban Feonomie
Analysis, pp. 192-94; Walter lsard, et.alk, Me thods nf Regional Analysis:
An Introduction to Regaonal Seience, (New York: MIT Press, 1960); R.W.
Pfouts, "An Empirical Testing of the Economic Base Theory," Journal of the
Amertcan Institute of Planners, 23 (1957), pp. 64-69; and R.W. Pfouts, The
Techniques of Urban Feconomic 4na7yoze, (New Jersey: Chandler-Davis Pub.
Co., 1960), passim. :

6Meirnyk states, "while a reqgional :I-0 table based on 'adjusted'
national coeff1c1ents can give a rough description of a regional econony,
it is virtually useless for projection purposes.” He arques that
adjustment techniques do not allow for differences in industry and product
mnixes among regions. Even if they could he adjusted, it still cannot he
used for long-run consistent forecasts because it does not provide
. information about changes in the direct coefficients over time.
.iDifferences in national and reglonal aggreqgation schemes creates a
~pr6$lem. In addition, secondary employment data is most often used in the
adjustment techniques. It is unlikely that the employment data will be
published in the same catéories as desired by the sector definition. See.
: ‘W. Meirnyk, "Long Range Forecasting with a Regional Input-Output Mode,
w  Western Economic Journul, 6 (June 1968), pp. 165-76.
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7A'c0mp1exinq problem is that it tdKﬁq a long time for the multiplier
to work itself through. ' ‘ '

8This analysis is taken from Hirsch} tirban Economic Analyais, pp.
194-210; William H. Miernyk, The Flements of Inmput-Output Analysis (New
York: Random House, 1957); Harry W. Richardson, Inmput-Output and Regional
Feonomics (London: Weidenfeld and Nicolson, 1972); Walter Isard and Thomas
W. Langford, Regional Input-Output Study: Recollections, Reflections and
Diverse Notes on the Philadelphin Experience (Cambridge, Massachusetts and
London, England: MIT Press, 1971); R.C. Jensen, et.al., Regional Economic
Planning: Generation of Regional Input-Output Analysis, (London: Groom
-Helm, 1979); and P. Smith and W.I. Morrison, Simulating the Urban Economy:
- Feperiments with Input-Output Techniques (London: Pion, 1974).

9For»a discussion see Jean H.P. Paelinck and Peter Nijkamp,
Operational Theary and Method in Regional Fconomics (Westmeady England:
Saxon House, n.d.), pp. 262-328; Isard, Methods of Regional Analysis,
Chapters 9 & 12; Wassily Leontief, "Multi-regional Input-Output Analysis,"
in T. Barna, Structural Tnterdependence and Feonomic Development (London:
McMillan & Co. Ltd., 1963), pp. 105-18; W. Isard and R.E. Kuenne, "The °
Impact of Steel Upon the Greater New York-Philadelphia Urban Industrial
Region," Review of Fconomics and Statistics, 35 (November 1953), Pp-
289-301. '

10see footnote 8 above for the references to this section.

IlThe theoretical development of this procedure is agcredited to
Wassily W. _Leontief who published his ideas first in "Quintitative Input- &
Output Relation$ in the Economic’ System of the United States," Review of
Feonomice and Statistics, 18-(August 1936), pp. 105-25. 'Later with an
application he published The Structure of Amercian Feonomy, 1919—1939:/ An
Empirical Application of Fquilibrium Analysis, 2nd ed., (New York: = Oxford
University Press, 1951). : _ ”

* 12picharson, Tnput-Output, p. 8. S / S
— / -
L3With the exception of exports, the table can be closed with /respect
to the other exogeneous sectors. See W. Lee Hansen and Charles Tiebaut,
"An Intersectoral Flows Analysis.of the California Economy," Review of

Feonomics and Statistics, A45.(November 1963), pp. 409-18.

14Develgped'hva.T. Moore and J.W. Petersen, "Regionmal Analysis: An
Interindustry Model of Utah," Repiew of Feonomics and Statistics, 37
(1955), pp. 363-83. | C | o
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157his discussidn fo]ibﬁs that found jﬁ_Richardson, Inpuq-aﬁtput, Cﬁ.?.

‘ _ - SN
, 161 jnear programming was developed by G.B. Dantyig, "Maximization of a.
Linear Function of Variables Subject to Linear Inequalities," in T.C.

_ Koopmans (ed.), Activit Analysis of Production and, Allocation (New York:
John Wiley & Sons,~1951), pp. 339-34/. ' - ‘

177his discussion follows that found in Robert Dorfmany, Paul A.

§amue1son, and Robert M. Solow, Linear Programming and Economic Analysis,
(New York: McGraw-Hill, 1958), passim. hd

-

181bid., p.8. | —

&

197This point is. significan% to the model recommended below.

205, Chakravarty, "The Use of Shadow Prices in Program Evaluation,” in

P.N. Rosenstein<Rodan, ed., capital Formation and Economic Development,
(Cambridge, Mass.: MIT Press, 1964), pp. 49-59. - o

A 21p1terations to the basic models would have to consider localization
“economies, agglomeration economies, urbanization economies, changes in
relative supply prices causing substitution, changes in transportation
. costs, technological changes in introducing new products, import
substitution, and.resource constraints not entering the analysis directly.
o i -
22pichardson, Thput-Output, p. 249. o .
v - : : . 8
23The level at which interregional models.can be built is somewhat
arbitrary.  That is, it can be built as a system of eight regional models
at the provincial level or as a number of sub-regional models at the
regional level. : ’

24The usefulness to planners of the centre city, suburban area, and
rest of the world distinction was highlighted by Abe Gottlieb, “Mlanning
Elements of an Interindustry Analysis: A Metropolitan Area Approach,"
Journal of the American Institute of Planners, 22 (1956), pp. 230-6.

“~ - < o ‘ g : .
" 254al ter Isard, "Interregional and Regional® Input-Output Analysis: A
Model of a Space Economy," The Review of Economics and Statistics, 33
(November 195%), pp. 318-28. ’



r

26Heterogeneous market areas mean that two producers, each in a
different ‘area, will have different size markets because of the1r proximity
to their input§ and buyers. ' : ,

1
o~

27Howevek after h1s enperiences with building the th]ade1ph1a
1nput-output mode1 Isard acknowledges the feas1b111ty of building a pure
1nterregiona1 mode]. See Isard and Langford Ebgzonal Input-Output Study, -
p. 16. : ‘

28wassily Leont1ef "Interregiona] Theery" in Leontief Studtos in the
Structure s\ the Amermﬂan Eeonomy, pp. 93-115.

291bid., p. 100.

T~ _
30y. Leoht1ef' The Structure of Development"Sczenttfzc America, 209

~(September 1963), pp. - 148-66.
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'

32 .W. Moses, "A General Equ111br1um Model of Product)on Interregional
Trade and Locat10n of Industry," The Revaew of -Feonomics and Statzstmcs, 42
(1960), pp. 373 97. . :

\
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33This is intuitive as one wou]d not expect trade flows to he as

' efficient as the optimal behav1our

34Wass11y Leont1ef and Alan Strout, "Mu1t1 reg1ona1 Input Output
Analysis," in T. Barna, ed. Structura7 I'mterdependence and Feonomic

Development, - (London: MacM111an & Co. Ltd., 1963), Chap. 7.

35This discussion is taken from Miernyk, Flements of Input-Output
Analysis; Werner Z. H1rsch "Application of Input-Output Techniques to
Urban Areas" in T. Barna,: ‘et. al., Structural Tnterdep ndence and Feonomic

' Development (London: MacMilIan & Co. 'Ltd., 1963); W.Y. Morrison,

“Input-Output Analysis.and Urban Development P1ann1ng Some Applications
of the Peterborough Model" in W.I. Grossling, ed., Input-Output and
Throughput (London: Input-Output Publishing Co., 1971); Werner Z. Hirsch,
“Input- Output Technlques for Urban Government Decis1onsJ'Amerzcan Dconomtc
Review, 58 (May 1968), 162-70; Abe Gottlieb, "Planning Elements of an
Interindustry Ana]ys1s - A Metropo]1tan Area Approach " Journal of American -
Institute of Planners, 22 (1956), pp. 230-36; Isard and Langford, Regional

Input-Output Study.
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SQA recent example of 1-0 ‘used in ana]yzvng alternate economic

development impacts is pub]ished in Gerald R. Barnard and Wavren T. Dent,

"Policy Simulations of Alternative Futures," Regional Seience
Perspectives, Vol. 9, no. 2 (1979) pp. 1-30. The impacts included:
~ changing the industr1a1 mix to'emphasize manufacturing; 1ncreasing

.- processing and packaging of agriculture products; promotion of human .
- resources development; transportation: improvements. including a freeway

system and branch line maintenance; developing coal under environmental .
quality standards; implementation of a land use policy which restricts
confinement feeding of cattle and; promotion of industrial development
through readily available supp11es of energy. Also, see Walter Isard,
et.al., The Ecologtcal—Fnonomzc Analysis for Regbpnal Development (New
York: The Free Press, 1972); and W.Z. Hirsch, S. Sonenblum and J. St.
Dennis, "AppNcation of Input-Output Techniques to Quality of Life
Indications, KVkﬁ?” 24 (1971), pp. 511~ 32.
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39see Morrisoh,‘"Input—0utput‘AndlySis and Urban DeveTOpment:P1anning“.
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CHAPTER V

" INPUT-OUTPUT AND LINEAR PROGRAMMING APPLICATIONS TO LAND USE
. *.‘A“\

The analysis of models started in Chapter LIIfwith the.rev{ew of land
. usermodels. That chapter concluded that a macroeconomic model as opposed
_:to a 1and use mode1 wou]d be more suitable. .In Chapter IV,\the nifferent
macrgeconomic models were revaewed 1-0 was recommended as the most

v

suitable. This chapter presents the focus of the thesis; the 1and use p]an
design model. An 1-0 model can be adapted for a land use plan des1gn mode]

in twofways.'bFir§t, as a pure]y positivef approach, ‘the planner can-
convert therf—o.data‘to determfne 1and requirements. Section 5.1 reviews .
two approaches of dping this. A secpnd'approach (or rather an extension)
nives the process a "normative" context.. Thﬁs'second:approach,is achieeed
with the inclusion of linear programming pptimization techniques. Section:
5.2 reviews two Tand use pTan‘desidn models which u$ed 1inear prpgramning

. Sect1on 5 3 develops a new approach to us1ng 1-0 and Yinear progrmmn1ng to
' analyze Tand use in a reg1on. This last sect1on represents the main

€
-

theoretical contribution of this thesis,

5.1 I‘O Land Use Adaptions

The literature 11lustrates two techn1ques which can be ca11ed flows of

’

rental space and Zand anuf rows .

-91-
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5.1, l Flows of Rental Space1
This procedure 1nvo1ves bu11d1nq a traﬂsactlon table with square meter

'f1ows of 1nputs to outputs.. The tab]e could be constructeﬂ in the
"following way. A survey is taken to determine the average rent per square
‘meter for é&ch sector. This divided into each value of the regular - .
transactions table times the total square metres per sector would turn it
~into a flows of square meters of space transactions table.Z2 This techn1que
can yield per sector values of the direct amount of floor space used,
“direct space used per m11lion “dol1ars worth of output and d1rect plus

-

1nd1rect (and 1nduced) space used per mil]ion dollars worth of output
‘ de]ivered to final demand. The va11d1ty of th1s method depends on the
fol]owing factarabaZatq assumption: |
A1l the outputs from any given sector should have ident1ca11y
the same relative composition of inputs, regardless of which the
receiving sectors are, and regardless, also, of the length of the
- chain of sectors that on%y dindirectly, via other sectors, receive -
: the outputs in question. v
To be used for.projection,purposes, estimates of changes in the
productivity/of Tand use and changes'in the rent per square meter by sector
have to be made. The model cou]d.include residential land use if the model
» was “closed“ with respect to househo1ds. Also, one can see the interesting
results if thfs was built in an interregiopal model. The result would bhe a
table»of 1a?d uses‘disp]aying the hierarchial and circuTar spatial
interdependence in the region.
5.1.2 Land Input Rows?
vThis technique invo]ves{the'inclusion of hectar or/Square meter row(s)
in the transaction matrix. Thevtransactions matrix could dnc]ude a number
of rows for alternate land uses. Two'schemes are: high density

commerc1a1,‘medium density commercial, etc., and/or floor space, parking,
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and land reserve. The transactions matrix woqu include corresponding zero'
columns. to Justify the inclusion of stocks and fiows in the same matrix.
The technicaT coefficient matrix is made by dividing each column entry by -
the output TeveT of that CDTumn adjusted by inVentory changes., The entries
in the Tand raws express hectare or.:square meters per dollar of output.

The direct:Aindirect and induced impacts]for‘increases in final demand can
also be calculated. The computational problems are simiTar to the flows of
rental space method In particuiar one wouid not expect production
functions to be linear and homogeneous with respect to Tand This method
does a]low greater disaggregation by type of land use. ‘On the other hand
the flows of rentaT space method 1nd1cates the type and extent of industry

‘aespect to land. Both‘modeis have different

interdependence w1th
applications and are complementary because they do not require any

addi tional data. They are also complementary to a third, obvious method;
applying acreage’or square metér/output ratios to the projected output of =
each industry. . ,'." ; o .

These approaches are strictly “positive". They give no indication of

| what amount of land allocation would be Pareto optimai "Normative

~,
N

approaches are considered_next. d

5.2 Linear Programming Land Use Planning App11cations " ', _ T

At any level. deveiopment plan, the pianner S probTem is one of
choosing the optimal land uses within the geographicai confines of the
plan. The planner must determine the types of land uses, the amount of
each type and the location within the area. In additipn, when it will be
absorbed is also an important question. As discussed above, projection

13

models -are more applicable to'higher level plans. Also, the iterative
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natufe of thé‘p1anﬁ1ng process is an efficient and flexible means of
bringing raw land to‘fully serviced and zoned. Because the higher level
plans 1gave flexibility for lower level plaqszﬁlower‘level plans can | '
accurately reflect the market demands attmtﬁ:‘e. A higher plan level
forecasting model which_determinedtdq:fﬁgiﬁé;‘:‘ §é§g5rfor 1owér level
-plans would be too rigid. Also, th;'&éﬁﬁizﬁ?eﬁ‘f Jufts of the long-term
forecasts woyld be questionable. Thus, to some extent the when and where
questions are beiter dealt with by the planning "process" than planned a
.{ong time in advance with a planning-model.. fhereforé, the concern here is .
for aﬁb?oaches thét answer the "type" and "how mucﬁ" questions.

This section is primarily concerned with plan design models; as ‘
distinct from economic planning mode]s. This is not to imply that an
eéonomic planning model should not be used prior to the pTan degign stage.
At the provincial level, optimal économic activity for each region could be.
determined. This data would then bg‘usedvas‘input_into each regional plan
design. In fact, I1-0 is well suited for this purpose. The discussion
~be10w,vh9weven, concentrates on the purpose of this thesis; that is, a land
useﬂpTan design model. ;/ - g -

The p]anninglframéhofk is-one of deyéloping plans which will maximize
;ome goal(s) or objective(s). A liﬁear'programming'adéptation gives I-0
agoa] or objective qéhjevjng cababi]itiesg From a policy point of view, I-0
is heutral. Linear.pfogfamming can allow any kind of ﬁo]ify analysis. It
~ can includé'bo%h effiéienéy and equity coﬁsiderations. In addition, it'caq
ﬁbe argued that planning 95615 are ﬁot quéntiﬁiab]e. on the other hand, any

"b1éh is designed in quantifjéb]e"terms from an attempt to achieve those

i
goals. With linear programming, “goals can be evaluated directly by
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s
entering goals in the objective function, or in a sensitivity analysis by
entering goals as constraints} The goals can range, for example, from
maximizing income to minimizing the cost of servicing to maximizing the
number of residential units in the plan area.® In any formu]ation, the
planner is trying to choqse a plan design which will maximize the well
being of the area as defined by the objective function. Because of the
size of the area, and nature of the plan, less fundamental welfare
functions (goal or objective function spec1f1cat10ns) are not qunidered

g ,..v

- below; for example, maximizing the number of residential un1tsVia the

otherhand, the goals must be broad but not so abstract as to Timit a
quantification.6 |

The object1ve function must not be so complex that policy-makers do
not know what they are trylng to optimize. 1In the same respect,
ipohcy-makers must not lose s1gh§ of which constraints are affecting what
acf1vit1es in the objéctive function. As discussed below, the constraints
can reflect the policy—makers pﬁ]iey optione as well as scarce resources.
Fina]ly, as discussed above with relation to 1and use models, the 11near
progremming formulation should not be S0 complex or expens1ve as to
prohibit its app]1cab111ty.

‘Thé}e can be many a1fernateplinear programming formulations of the
plan desién problem. The formulations discussed beiow\are represeﬁtativee

of the major alternatives and fall within the guidelines mentioned ébove.b

5.2.1 Cost Minimization
Schlager presented the semimal land use plan design mode1.7 The

structure of his model is one of the many possible adaptations of the

standard linear programming cost minimization approacheé. He describes the

&
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ldnd use plan design problem as: given the design }equ1rements (expressed
asbdesiqn standards for each land use) and a set of demands for each 1and
use, synthesize a land use plan that satisfies boﬁr the design standards at
a minimal combination of public and private cost. This last proviso _
becomes the ohjectivb(functionf Tbat is, the objective is to minimize ;he
public and private;gost of developing the total amount of’1an431n the plan
area. Schlager's app1i¢ation used costs of raw land plus development costs
for total costs of each land use type. TheseACOsts pér acre are parameters
of the objective function. |

The abjective function is constrained, first, by tﬁe total demand for
each land use category. Total demand is determined exogenodsly. The
fcoefficiedts for this constraint are service ratiqs; percentage'of land for
streets, parks, etc. for each land use. Thé second set of constraints puts
minimal limits on each land use within each zone. The final s;t of
constraints attempt to solve the land use mix problem by 1imiting the
amount of one use in a zone relative to another use. The last two sets of
constraints are determined hy design’ standards.

This type of an obJect1ve function would be su1tab1e for lower level
plans; such as nelghbourhood or out]ine plans. In higher level plans, a
- broader definition of.the soctal goal(s) in the plan is requifed. The
optimal amouht of land in the sub-aréa and land use mix problems solved by
the second and third set of constraints, respectively, are ndtrre1evant to
the prob]em at hand; as d1scussed above. The firSt set of constraints,
however, is quite relevant to the problem at hand. First, one could drgue
that since the only policy the planner has within his contro1 is amounts of
1dnd use.they should enter as constraints. In this way he can perform “

sensitivity analysis on the effects of his po]icfes. Also, the shédow
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prices in the dual will give the value of land in each alternate use. tpis

is an important characteristic as is demonstrated below.

5.2.2 Profit Maximization ‘

{ Boaden's work is anether land use plan design model using linear '
'programming.a It is a variant of the standard linear programming profit
maximization approach. His model incorporates both linear programming and
discounted cash flow concepts. The ohjective function is a profit function
which has a variable and a fixed %omponent. The variable component is net
present value of variable cash flows per unit of each land use times the
number of units of the respective 1and uses. The fixed component is the
"net present value of\}ixed cash f]ows The fixed discounted cash flow and
the variable discounted cash flows are inputs into the linear programming
model. An application of his general formulation was not given. The first
set of constraints include land, 1ebour and caéital. The second set of
constraints, the author suggests, can include anything with which the
planner wishes to constrain the objective function; density constraints f%i
example. The author emphasizes the analytical value of the model is its
ability to test the sens1t1vity to constraints. ' The impertance isvthae the
constraints can represent goals. As‘discussed with regard to the cost
minimization method, this is an important device for a planning tool to
have.

This profit approach is 5150 more suited for lower level plans. the
diecounted cash flew for different land Qses in the time length and of the
~scale required by the Regional Plan would be difffcult toLobtein in any

degree of accuracy. Also, the profit goal is too narrow. It does not



98

include all the qgroups in society dffectpd\by the land allocation. He did
-not present an application, thus, an explicit representation of the
constraints was not made. The first set of constraints (land, capital,
labour) are simply worth noting. The second set of csﬂstra1nts, basfcally
the idea of including policy options as constraints, is also worth noting.

These two approaches can be complementary in the clas$1cal primal-dual
relationship of linear programmina. This depends, however, on how one
defines the costs, the profits and the constraints. For example, the
shadow prices for the constraints in the costs minimization case are
difficult to interpret in the profit maximization case. One could
interpret the first constraints' shadow prices as the marginal addition to
profit from having an optimal amount of each land use given the costs of
services associated with each use. The second one can be interpreted as
the marginal\change'to profit from having an optimal mix of uses among
zones. The final set of constraints can be interpreted as representing the
marginal change to profit from the optimal relative mixes of land use
within a zone. One could assume that these considerations were taken into
account in the net present value calculations of the profit maximization
example. This is simply an interpretation. The point is that a primal -
dual reconciliation depends on what the analyst defines costs, profits and
constraints; and whzther these are directly comparable. A second point is
the obJect1ve function and constraints can contain social goals and
objectives. Given different social environments, therefore, there can be
many different formulations of either cost minimization or profit
maximization; also depending on the level of the plan and the nature of Fhe

planning problem.



These approaches were reviewed to introduce 1inear programming app)ied
to the plan design problem. Also: their disadvanta§es and advantages to
the'design problem approached in this thesisvwere worthy of noting. tpe

oature of these problems are differenti therefore, no further comparison {s

made between the above models and the one developed below.

5.3 A New Approach

The following approach is a variant of the classical profit
maximization linear programming framework. It incorporates some of the
ideas presented in the cost minimization and profigﬂmaximization above and
includes some new ones.

It can be argued that the regional objective function to be maximi zed
should represent aggregate regional income. First, the scope of the plan
is broad, affe&ting most groups and institutions in the region. Plan
alternatives, therefore, should be evaluated as to their affects on a
vfundamental 1ndex és income. Second with 1ncome policy-makers have a
clear concept of what they are trying to maximize in plan alternatives.
Third, with the I-0 information, it is feasible in terms of data
availability. Fina]ly, as will be shown below, it allows one to easily
evaluate efficiency and equity considerations.9

The constraiﬁfs, it is argued here; should include limits on specific
land uses and limits on aggregate output growth. The primary
responsibility of planners for the Regional Plan is to determine the land
use allocation. As described above, the planner achieves this by
considering the desién requirements (existing policies affecting 1and use)

and the demands for different types of land. This problem would be trivial
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1f there was an iInfinfte amount of land, but there 1s not. Land 13 a
" ‘carca resource. The planner must determine which land uses take

| preference over the others. In the Regfonal! Plan, this was done in an ad
hoc basis using pre-defined priorities. These priorities were not
determined on the basis of actual value of the land. Including land uses
‘as constraints in the prfﬁa\ problem gives, in the dual, shadow prices
associated with each land use. Given income in the objective function, it
can be argued that the shadow prices include hoth private and social,
preferences for each land use. The planner may alter the individual land
use constraints and observe the effects on prices in a sensitivity
analysis. The object of the sensitivity analysis, therefore, may be to
allocate land based on the demand elasticities.l0 The planner acts as a

monopolist, allocating fess than the Pareto optimal amount to land uses
with inelastic demand and more to uses with an elastic demand. This
assumes th{é the planner's objective is to maximize the total land values
of the region. Also, constraints on aggregate output growth are required
to ensure any capital and labour limitations are not exceeded.

The model described is of the following form:

Max imum TT = CX
Subject To:

X < L

[I-Al X < F
X Z 0
Where
C = a vector of value added coefficients defined as the tota) value
added as a ratio of the value of output for each sector at time t

X = a vector of outputs at time t, where t is the year for which

forecasts are requirgd
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-
n

a matrjn of land input éoefficients defined as the hectares or
hectare—%quare netre required per million dollars of output for
each sector during time tll |

L= a vector\of aggregate amounts of each type of land use‘avaiIable
| during ‘time period t | ‘

[I-A] = the Leontief matrix ’

F = a vector of predetermined’fina1?demands at time t

The corresponding "dual" is as follows:

Minimum W *> L' E' )Y
Subject To: '

1" : 1-A']J Y > C .
T ys o
~ Where
Y = a vectohghf shadow prices' for land inputs and activities

associated;ﬁfth final demand.
‘The’above modelfis an income optimization model with one primary
' scarcé ;esource 1and‘: There is a set of land constraints because land can
vary in qua]ity and thus product1v1ty.' Other scarce resources can be
1mputed 1n the final demand constra1nt “The land inputICOefficients
represent f]ows of 1and They a]so represent stocks | Because land can be
cons1dered as a stock and a flow, this allows one to utilize the
mathematics of linear programm1ng and the practical app11cat1on.. For the
practical app11cat1on the constraints represent aggregate land
requlrements assoc1ated w1th a. g1ven volume of output produced dur1ng tlme
t. This will be elaborated on below. Their values and the land input
coeff1c1ents can be obtained along with the survey data for the I-0 table.
The land 1nput coeff1c1ents can be calcu]ated as follows. First, the tota]

rent of each land use .type for each sector is obtained. The time period-

the rent covers has to coincide with the time period the rest of the
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input-output vaiues cover; typically one year. Second, the rental value is
mapped to thé associated amount of space that rental value could purchase.
Then, tnbse rental space amounts are divided by the‘associated sectars
output. Any reference to land 1npuf coefficients that follows is to be
‘given this interpretation.

Let the above model represent the nase cnse from which fo discuss the
planner's problem. The first thing to notice is the assumption tha¥ land
is the only scarce factor. For this to be true then in the optimal o
solution, the‘effective demand must be greater than the'Teve1 of output;by
at least as many activities as there are land uses. .That is, all the land
use constraints are binding.12 This begs the question of how the-values of
the constraints were determined in the first'place. The final demand
constraints could be determined as follow§; A range of sectoral final
demands are determined based on alternate assumptions of the future state
of the world. This most probable set of final demands are translated into
sectoral industrial output‘nequired~up to that time period. The required‘~
capital and labour are estimated. This demand for 1abonr and capital are
compared to exogeneous estimates of labour nnd capital supply. A sectors -
final demand is adjusted hack for anynsupply limitations. The land
constraints, Ls, can be calculated in relation to the effective output
éstimates.13 That is, projected output for each sector is multiplied by
the respective land/output coefficients. Because X; L, 1, and F.are -
calculated at a certain projected time period, they are consistent with
each other. Thus, L and F are calculated to be jUst'binding. At this
stage, the planner has two options. In the first option, in calculating

the Ls, he does not adjust output, Xs, according to the new set fin%]
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demands ; thch were constrained by capital and labour shqrtdges. In this
case, certain final demand categories can constrain output'béfore certain
land constraints bind. The respective Ls, which are not cdnstraining, o
would not have a positiye shadow priée.‘ The p1;nner éou]d use the

. effective demand of fhe unconstrained Ls and the constrained Ls to
détermine the land a11§catidn. In the second option, the planner would
adjust output, Xs, when caltulating Ls to 1nt1ude labour and capital
constraints.on final demand. In fhis case, land, Ls, would reflect the
same capacity constraints as fiﬁa] demand, Fs. Therefore, fina1,démand
constraints wou]d be trivial and could be excluded. Each land use, Li,
would have a positive shadow price. In practfce, eithér option would prove
useful. Both could be done with little additional work.

The final consideration is to after the émounts of land uSe,‘LS,
required to be consistent with the total émoﬁnt of land available in the
region.' It is irrelevant whether they were originally valued at hectares
or hectare-square.meters. In either case, the denSity_assumptions would be
adjuéted until total regional land dema;ded equals that available. The
planner would make the adjustments in an ad hoc manner according to each
land use'; suitability of changed density and its shadow price.

| These concerns of adjusting each land use category and consistency
with tdtqi availabie land can be resolved, in part, in a more elegant and
’ efficient solution procedure; presented below. |

This case can be described as fo]]ows:

r~

Max imum U = ¢x
Subject To: - L =0
2 Ly = Lo
i=1
[I-A] X
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Where

¢

Lo = the total amount of available land in the region in time period
. . , |

In this case, the solution gives optimal values for output (Xs) and amounts
of land use (Ls) which maximize regional income. 14 ‘A drawback of this case
is rigid density réstrictibns; Qhere,‘fn fact, land can cpnstrain outbut.
This statement requires some explanation. Generally speaking, the
p]&nner's objective is ndt to restrict grbwth. Rather they must allocate
this growth»to aiternate»land uses in a way which maximizes the growth in
the Region.' Again; however, the p?ahner can achieve a more optimal
sé]uti&h by h;urigtic methods;"He can change the ELi = Lo‘constréint‘to
an El.( Lo ébnstraint. Then Lo is increased or.decreaéed to where>it is
just binding, séy Lo*. 'Thé densities aﬁe adjustéd proportionately to bring
equivalence between'Ld* and Lo. The other drawback 1is bossibi]ity of
negative shadow prices because of the’equélity sign.lsv However, this
possibility is very slight given the bkogd categor%es. In more precisely
zoned'categoriés, this is a very réal possibi]ity;‘in fact, hégatiye, |
externalities is tﬁevmqjor reason for zoning.

In‘;he above examples, thé planner was, concerned with maxjmjzing
regional income and alsq maximfzing 1and va]ueS.‘ Are thése cgmé;tible?
What should be the planner's true objectives? It was arguéd/%bove‘thét
region income was thevappropniate social welfare measure pé‘optimfze;'
Besides Being broad, etc. as discussed above, the planner can»inc]uqe
efficiency:and equity considerations. . This is done by aftering preferences
in the social wélfare function. The preferences'are~represented by the

value added coefficients. By breaking down these coefficients one can
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"determine, for example, the relative labonr, profit and import shares of
this sector. Also, from an environmental prospective,_environnental
impacts from each sector can be determined ' Another interesting
application is the use of urban income, as\obtained from the I-0 model, as
van indicator of wealth for taxation purposes W1th this information a }

po]itica]-administrative’boqy can fix the preference weights'different from

those determined by the I-0 data. This would represent a more local social
welfare function as the I-0 data represencs economic re1ationships,1arge1y
ihfluenced by exterior factors Therefore the planner s true objective
should be maximizinq regiona1 income. But what of the maximizing land
value objective? | | |

If land va]ues'accurateiylreflect sociai vaiués, then the planner

- should strive to maximize. 1and'va1ues.1'6 Ic is al!g:;; or rather,
proposed that higher aggregate 1and values 1ead to a more efﬁicient

‘utilization of the resource land. 17 There is no argument with this as an
objective'but rather in how it is achieved If the . p]anner achieves this
through a welT planned town ‘then the statement has\merit / If, however, he
achieves maximum land values by acting as a monopo]ist then it does not
The mon0poiist behaViour of the planner is an imperfection, hindering the -
efficienCy of the land market.. Thus, the maxim121ng land value objective
has meritlif achieved by improving the efficiency of the resource use. The
tno objectives, therefore, are cpmpatible if the land vaTuations are social
vaiuations (which they are in this case) and the most effic1ent use of the-
resource is achieved

— Another more qenerai rule has been suggested by McMJHan.l9 The ru]ev

™~
is based on the fundamental definition of economic efficiency.. Effic1ency

requires that the marginal value per unit cost of eachvinput in production
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be equal.20 Therefore, for an optimal distribuiion homiogeneous 1and
' should ?? allocated to alternate uses until the marginal values.in
competing uses are equal. Since.we are not considering the 1ocat10na1
~assignment, that is, the "where" question, all uses are competing;uses in
the Region; To app1y thi§ rule to the problem at haﬁd, we turn to the
shadow pfices. The meaning of the shaddw prices are simply marginal value
prodﬁcts.21 If the pfima1 contain§ Tand constraints then the dual gives
marginal value products for each land use. Note, the p]anner,is'free to
’ vaf& the 1and>constraints ex-ante. Therefore, the obtima] solution is one
where ,the shadow prices are constrained to be equal to each other and the
land use amounts altered accordlnqu 22 the procedure is illustrated in
the following example.

Cbnsider the régiohal land which the growth will bé‘a1]ocated'as
| homogeneous land. Assumé fhaf.thqre are only)twovty;es of land uses;
agricuTture idnd urbén. ~This 1§nd is assumed to be‘the only scarce factor -
in the product1on of goods Xl and XZ- Note, part or all of any of these
goods may requ1re agr1cu1ture land. Ih this example, urban and agrjcu]ture
pnoduct,production are restricted to tﬁeir respective land use classes;
thus, substitution is not.permitted. Th1s was done to simp]f?y the
111ustration, but certa1n1y is not the case in general. In general, for
examp]e, certain types of commerc1a1 1ndustr1es could locate in high

.den51ty commerc1a1 Tow density commerc1al, industrial, or residential

land. The problem is formulated as folfows:

PRIMAL -
Maximum Wo=.2 Xpt .1 X
Subjéct‘Tb:z , Xy <1
‘ ' : Xo <1
X1, Xz >0
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DUAL
Minimum N = 1 +’Y2
subject To: Y,

VvV Vv

Y
2

2
1
0
The primal's objective function is total regional income. The value added
coefficiénts (.2; .1) are value addéd per trillion dollars of output. The
primal‘é constraints are one million acres of urban land and‘one million
. acres of agriculture land. The dual variables, Y; and Yz,fare'shadow
prices fOr urban ang agricul ture 1ahd respectivé]y. The solution can be
sh6wn'graphica11y,'see figures 4a and 4b. )

The optimal solution t6 the primal is X1* = 1 and Xo* = 1 and the
value of the‘objective function TT'* = .3. This means the first and second
indqstry ptoduce 1 tri]]fon dollars of output each and the total region
income is .3 trillion dollars. The optimal dual solution is Y1* = .2 and
Yi* = .1 and W° * = .3, The'shadow prices or the per unit imputed value
for. use ip produétion for urban and agriculture land are .2 trillion and .1
trillion do]]aré respectively; refer to point b in figure 4b. The value of
the dual objective ;aﬁcfion represents the total imputed value 6f
opportunity co§t of resources available for production. If the constraints-
are fixed and given by the actual reﬁoﬁrce 1im1t§tions-then this is the
most efficient distribution éf landi{nto production. The planner has the
option, hbwever, to change the distributidn of lqnd, ex-ante. »Since urban
yields .thrillion dollars per million acres aﬁd agriculture only .1, then

clearly, from an efficiency point of view, we would be bétter off to put



109

This revised allécation can be achievéd by setting the shadow prices
equal: that 15; Y) = Ya. This is represented by the 45° line in the puél
graph (figure 4b). With this constraint, the optimal value of the shadow
prices are bofh two and the objectivé function GT O%k = .4;\at,pp1nt C.
Since in the optimum 1ﬂ' =70 the optimum vatue of the primal objective
function is four also. Given the primal problem defined above this does
not seém‘possible. However, with the Y1 = Yo constraint .in the dual, the
primal problem is no longer the same. This cgnstfaint forces the ﬁ}ima1
problem to loosen (or tighten)‘it§ constraints by introducing slack (or
" surplus) variables. The vertical constraint moves to the right to account
for the surplus of Xj created (S;) and the horizbntal constraint moves down
to reflect the slack of Xy (Sp). The new optimal solution works out to
. Xy** = 2 and Xp™ = 0. In the "efficient" solution, therefore, urban uses
’(Xl) receiQed more land because its value to .output was greater.

fhis approach can be generalized as fol]ows:zq
PRIMAL

Ma ximum TT =V X

Subject To: - — B
] L
___‘fi D X <
I-A | F
DUAL
Minimm 1 = [L':F'] Y
Subject To: I - v
' )
' (I-A)'
Y > V!
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Where
V= 1XN+r-1vector of N vé]ue added coefficients def}ned as
value added per million dollars of output and r - 1 coefficients
of value 0 associatéd with the slack variables
X = N+r -1 vector of N sectoral output variables and r - 1
unconstrained slack variables at time t, wheré t i§ the yéar
| which forecasts are required |
= r x N sub-matrix of land input coefficients defined as hectares
per million dollars of ohtput during time t°
[-A = N x N Leontief input-output matrix (direct coefficiént matrix)
L= rxl sub—vectér of amounts of different types of land use during
time t
F = Nx 1 sub-vector of effective final demands
Y= r+ Nx 1 vector of shadow priceé for 1and and final demand
respectively during time t
AD' =r-1xr+ Nmatrix binds‘the shadow prices to equivalent values

and is -of the following values:

1-1 00 . 0
1 0-1 0O .0
1 0 0-1 .0

. .. .0
1 00 0. ..-1. .0

The D' matrix forces all the shadow prices to be equal. This in turn gives
values to the slack variables in the X vector. The slack variables are, of
course, measured in the same terms as L. The optimal solution for amounts -

amounts of each land use is obtained by subtracting the slack variables



111

from the L sub-vector. The result is land allocated to uses based on the
marginal value product for each use.

The kéy feature of this last approach is the technique for “efficient"
allocation of land. It is preferable to the other two 1inear programming
approaches because it applies the economic efficiency rule to allocating
land among competing uses. This is not to say that all three approaches
can not be used in practice. FEach may provide different types of .
information. Also, the other two would take little additional work to }et
up once one is done.

In practice, p1anner§ could uti%iz; the approaches developed here 1in
the fo1lowiﬁg way. First,'ﬁhe values for V, X, 1, I-A, L, and F would be
determinéd_as projections at time period t. These projections would result
from an economic sensitivity analysis of possible pub1ic and private
actions 1n.the‘future; performed with the I-0 table. Time period t is a
nominal index for the year fofecasts are desired. For example, if
forecasts are desired for 10 years from 1980, then t is 1990. V can be
calculated as the sum of proffts; payments to governments, and payments to
~ households divided by total output for each sector. As discussed above,
these represent social preference weightings. Therefore, they may be
‘al tered froﬁ the raw data to favour or disfavour certain industries. X is
total outputnat time t. 1 is the land input coefficients at time t;
.measure-in hectare-square metres. I—A is the Leontief matrix representing
aﬁ industry by industry technological matrix at time t. L is the total
amount of land required at time t as a function of *t and 1¢. F is the

final demand at time t.
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Second, capital and labour supply growth potentials would be
determiged. F would be'adjusted to reflgct any capacity constraints on
1abogv And capftal. Initially land constraints, L, would not be adjusted
accgrdingly; adjuéted by the output results from final demand constraints
reflecgfng capital and labour shortage. Using the first approach above,
the planne} can_determine which industries would be cbnstfained by capital
and labour supplies and;~potentia11y\ by land supb}ies. The résult would
indicate which inpyts {cabital, labour, land) would constrain output and
their va]ﬁe to output of a region. This may provfde useful information for
purposes other than the primary purpose of land use allocation. Then
,output would ?e adjusted to reflect capital and labour shortages as
calculated iﬁ/final demand.

Third, the second approach would be used. Note, the final demand
constraints could be dropped Secause'they are already fncluded.in the tand
con;traints. Thus, the total land, Lo, that would just constrain output
would be determined. Land amounts are then transformed into two
dimensional figures; that is, hectares. This is done with qensityh
assumptiods to ehsure demand (Lo) equals total available "prod@ctive"
supply. "Non-productive" uses could include, for example, nature
conversion, open space, recreation land, and special co?trol areas; but
would not ihclude farmland. Fach sector's use could be‘adjusted
-proportionately to Lo. At this point, tpe planner has an index for the
opportunity cost of “ﬁbn-pro&uctive" land uses. The index is the shadow
price for Lo.

Finally, the thir&‘approach could be used.' The land constraints
determined in the second approach would be used as the L constraint§fﬁ

l’tqh
5
)
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Also, the final demand constraints would not be included since labour and
‘'sapital constraints are already included in land constraints. The land
amounts would then have to he adjusted by present stock to fndicate amount
of development or redeve]op&ent, that 1s, growth will take place. The
third approach gives in some sense the most “efficient” allocation of land
among competing uses. It essentfally gives the planner a tool to answer
their “type™ and "how much" questions. More importantly, the tool does so
by applying the gconomic efficiency criterta. Therefore, that allocation
is optimum from %n economic point of view. This is the primary function,
as discussed above, of the land use.plan design.

To some extent the "type" question is predetermined by the land use
categories the analyst chooses to use as constraints. For example,‘they
may include, as in the Regfonal Plan; general urban, urban reserve, general
industrial, industrial féserve, agricultural, and country residential. The
model developed here, however, is moré ffuitfu1. ‘Given the optimum
outputs, X, and land use output coefficients, one can determine the amount
of land reduired for each indusfry. As an extension, 1ndu§tr1es with the
same design standard requirements could be aggregated into groups. Theée
groups would represent land use "types". The pianner would have, thus, a
compreh;nsive and detailed indication of the relative and absolute demand
of land uses. As a spin;off, this could serve as a basis for utility
service, and municipal and provincial taxation projections.

To‘summarize, this chapter has explored a number of input-output and

linear programming approaches to regional land use planning. Some of the

work, especially the third approach, 1quuite original. It represents the
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theoretical contribution of this thesis. Potential application procedures
were also discussed. The analysis of land use models and mac roeconomic
models along with the potential application procedures are the practical

contributions of this thesis,
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99. The method reported above. is an interpretation. It is a theoretically
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structure plans include: too high level of abstraction; not playing a very
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defined explicitly; and little quantified performance criteria, that is,
measuring the extent to which particular proposals meet stated plan
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Structure Plans," phan Studies 16 (February 1979), pp. 1-18.
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9This can be argued for any policy evaluation, however, with specific
application to land use, see W.I. Morrison, “Input-Output Analysis and
Urban Development Planning: Some Applications of the Peterborough Model,"
in W.1. Grossling, ed., Tmput=tutput and Throughout, (London: Input-Output
Publishing Co.,.1971). n '
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10ror an argument that this is the planner's objective, see A.W. Evans,
“Two Economic Rules for Town Planning: A Critical Note," Urban Studies 6
(June 1969), pp. 227-234. : ’

11{ and Tnput coefficients for the same industry are expected to be
different for different land uses. First, land, as the negative rent
gradient indicates, is not homogeneously priced. Thus, ;?Mr’gztput per
hectare or output per square meter (assuming a capital-l4nd elasticity of
Tess than -unity) will have to be higher; for example, in the center of the
city then in the suburbs. Second, requirements for buffers, parking, etc.
given different amounts of land different efficiencies with regard to their
building area ratios. Third, from the demand side, the volume of business _.
is different in different Jocations. '

. ) $

12Forcing the model to have equality constraints for land uses.

13The amount of each land use is not fixed in the technical sense. At
this point, the planner, exante, is free to arbitrarily allocate different
amounts of land to different uses. However, given -assumptions about
densities, there is.a limit to the total amount of land available to be
allocated. T '

14The idea for this constraint formulation was taken from E.M. Lofting
and P H.*McGauhy, Feonomic Evaluation of Water, Part 10: An Input-Output
and Linear Programming Agalysis of Californian Water Requirements, No. 116,
(Berkeley: 'UCLA Water Relources Centre, 1968), Chap. VI.

15an ihequa1ity sign ensures positive_shadow‘prices, The shadbw prices
are important for the planner's consideration, therefore, the inequality
sign is preferred to the equality sign. '

léror an elaboration of the arqument that follows, sée Melville )
McMillan, "Economic Rules for Planners: A Reconsideration," Urban Studies
12 (1975), pp. 329-333. :

this proposition was presented by W. Lean and B. Goodall, Aspects of
Land Feonomics (London: The Estates Gazette 1966) as reported in McMillan,
"Economic Rules." ' : :

18a1beit stil compatible with the above rules, see McMillan, "Economic
Rules."

191bid. | :
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205 .m, Henderson and R.E. Quandt, Microeconomic Theory (New York:
McGraw-Hi11, 1938), pp. 12-16. -

2lpobert Dorfman, Paul A. Sam0e1§on and Robert M. Solow, Linear :
Programming and Economie Analysis (New York: McGraw-Hill, 1958), p. 166.

2zTh‘e following, I believe, is the first exposition of the solution to
the allocation problem in this format. ‘

231 am deeply indebted to Professor B. von Hohenbalken of the
- University of Alberta for the mathematical derivation of this constraint
procedure. : ’



CHAPTER VI

a

CONCLUSTONS AND RECOMMENDA TIONS

As a resu]t of the analysis above thevfolloWing conclusions aré made:

‘a)- The present land useﬁ¥orecdsting practices in the Edmonton region
are inadequate. The 1nadequac1es are in terms of forecast accuracy and the
ab111ty to determine the 0pt1ma1 or, that is, eff1c1ent allocation of |
land. _ |

h) Land use models which are designed to alfaégte the forecasted land
_demands to a large number of small zones‘within a reéion are unsuitable.
The major prob]em is the 1nab111ty to accurate1y forecast a11 land uses in
a large number of small zones in the long term.

c¢) O0f the macroeconomic apprqaches, input-output 1s.the most éccu;ate
and'haQ the most uses. | | o

d) A land use model wh1ch can forecast all 1and uses in the region
-and determine the eff1c1ent allocation of land to these uses is:
theoretically feasible. | |

; The recohmendation Qf this thesis is that the above land use .planning

model should bé“operationalizéd in the Calgary region, the Edmonton region
or both. a -

The benefits of this approach, it was argued, are in terms of the |

increased accuracy and the number of uses. The increased accuracy is, if

nothing else, a natural result'of the extensive gathering and analyzing of
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information required to build the model. A1l the social—economic benefits

from more accurate forecasts are d1ff1cu1t to measure grecisely. A case

study in North Dakota, howeVer found that.a 10 per cent 1ncreasg in
accuracy wou]d,producevsocia]-economicfbenefits of .31_to 3.6kmillion
dollars.l These estimates were based oh.a bopu]atiqn change of only* 8,000
pcople. Also, they did not cons1der all poss1b1e social benef1ts. These
figures, therefore, are qu1te conservat1ve re]at1ve to the potent1a1
benefits to the Edmontonvre§50n._ Besides forecast1nq future growth, the
input-output framework has many po]fcy and impact app]icatidns for a
regional or generai plan.  The "p]anning"'benefits fromvchese‘uSes isknot
limited to a regional or general plan.

The mdre'day‘to day decisions of the plahﬁing procesS caﬁ also benefit
from the numérqus ébp]icationscof the model. One area of usage is the
planning. for future'trqnéportatioh, utilities; telephones, and other
infrdstruccure. Nitﬁ th{;ytype of a model at their dispoia], municipal'
authorities could analyze the impacts cn land use, tdxes,,and uti]ity
service requirements from: (1) higher ]e?e] government po]%cﬁgs such as
the National Energy Program; (2) private sector_déve]opmentsk;uch as
Alsands; or (3) lower level government policies such as land banking. This
approach, it is arqued, wou]d result in benefits not only from increaéed
accuracy for individual civic department planning hut also cons1stency in
1p1ann1ng among departments. For example, the building of roads and the
serv1c1ng of lots . are often built far ih advance of act&a]ldemands.} This
- reéu]ts ih a large waste of money in the form of uncsed capfta] sittirg in
the ground. On the other hang, 1nfrastructure‘which lags demand’results in

inflated prices for land and congestion costs. More accurate forecasts of

future 'demand for infrastructure would reduce these costs.
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A second area where an input- output table can be used on an on-going
ibpas1s is in the area of eé}nomlc development. The types of analysis that
“can he<carn1ed out within this framework include; self-sufficiency
,analysis, income and empToyment impacts, stabi]ity analysis, import
- substitution, bottleneck ‘impacts, factor inpdt shortages, and economic
1nterdependence amonq regions. A third area is the consideration of any
ecological or social.aspect Of_the economy 1n_tecms of 1mpacts or
descfibtive interre]ationships. Finally, input-output is Wfthout
competition as a descript1ve tool for the economic interre]ations among
decision units in an economy This is 1mporfant to policy-makers,v
.p1anners,‘edocators and students in 1ncreas1nq their understand1ng of the
urban economy . Po11cy-makers and p1anners need an understanding of how the
economy works to make appropriate policy decisions on a»day;to-day basis.
Educators and students of economics, urban‘geography, and p1anning could
- benefit fhom'this research and educationa1 tool. | |
The contr1but1ons of this thes1s have been both practical and
' theoretlcal. Considering its broad scope one can identify one maJor-
limitation. ‘The limitation is<found.in the costs involved in‘constructing
an operationai quel. The costs areJeXtensivec given, as argued above,
that a survey approach is required.v From one perspective, one”must
consider the cost net of funds a1io¢ated to all other research that wou1d
be covered by the model . Many, if»not most,ccivic departments and the
Edmonton ﬁegiona] Planning Commission perform separate forecasts of ‘
economic social, and demograph1r activity within the reg1on This
-mu1t1p11city of predictions 1s not‘only cost]y because of the dup11cat1on
but costly because of the lack of coord1nat1on and cons1stency in the

methodology employed in prepar1ng such forecasts In short, it would be



121

highly beneficial to utilize a ‘general model which had a well-defined
methodology and, at the saine time,'satisfied all of the objectives of
various concerned parties. - |
From another perspective, as discussed aoove, one must consider all

the sotia1-econom1c benefics from better forecasts. Based on the North
Dakota figures, one-could argue, albeit crudely, that the social-economic
benefits will certainlTy outweigh the costs of building the model.

| ‘Also, the costs and time réqoired:to build the model could be reduced
subétantially if a "non-survey" approach was used. The argument for a
completg'"survey" approdch Qas hased primarily on the forecasting accuracy
for a regional plan. If less than survey built accuracy (especially for
day—to—day p]annind purposes) is sufficient then a non-survey built tahle
could be-develooed ot a oignificant1y reduced cost. Ioput-outpot tables
presently exist for the Canadian economy and forﬁthe Alberta economy A
non- survey approach would ut111;e much of the information that already
~exists, that 15, the Alberta input-output tab] , to develop a regional
input-output table for the Edwonton region or the Calgary .region. A
“halanced" approach could be oSed where ndtionaj and provincial impacts on
the region cou]d be ahdiyzed.‘ The suitabifity of.the non-survey approach
- depends on the additional applications of the users and their‘acceptab]e
degree of forecasting error. |

Another consioeration is the apparent*1ack of dynamic and spatial

analysis. = One dynanic approach would be to determine shadow prices in each
tihé period-anﬁfoptimize them over the life of the plan. The result would
“oe on optimal $tdging~of growth. The‘model developed in. this thesis

actually does have a dynamic element in it; a]heit‘o different one, In

long run-forecasts, the 1-0 table is made dynamic Ly adjusting the capital

A
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_formation coefficients for capacity constraints. Also, the wodel can be

' applied for any time period. Thus, while it is not an "optimal-dynamic"

approach, it can be considered a dynamic one. In terms of spatial

-analysis, it was arqued ahove that intra-regional analysis (allocation of

“activities to speCific zones within the region) should not he developed.

'Intra-regional analysis is possible with the I-0 tables. An intra-regional

table covering the province would be usefui. Each sub-region section of
the table could be associated wifh edach reqgion in the province. The
dynémic and intra—regi&hd] isgués are matters warranting future research.
. This paper has made a humber of contributions. Contributions_have
been made to fegiona] ﬁﬁanning; in the Edmonton region,_A]berta, and
p]anning general. Fof the Edmonfon Region and A]berta,_it introduced an
app]ied technique to link economic planning and Iand use p]anniné. The
Vink is achieved by using_the [-0 tahle for economié planning and the 1-0

linear programming model for land use planning. This is important because

economic allocation deterwines land use allocation. For planning in

general, the contribution has. also been in iinking economic and land use

~planning.  This contribution was the applied technique for allocating land

uses based on economic efficiency. In sum, a feasip]e and useful plan
design tool has heen developed. |

Another contribution has beeh made to the field of economiés. This
paper has introduced a prac£1ca1 technique to determine the efficient
éllocation of {nputs when the'qMount of'availab1e inputs are not specified
and the market haﬁynot determined their prices,2 That is, inputs are not
ség}ce in a teéhnicql sense,-but scarce when regqulations limit their use.
In this sense, the a?]dcat'bn mechanism'is nat the market but the

requlatory agency. When the inputs, as such, have not been given a price
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by the market, the agency, therefore, can not recohmend an economic§11y
efficient allocation. The technique developed in this thesis is capable of
dealing with this problem.

The recommendation of this séudy is for the Province of Alberta to
establish a program to operétiona}ize the model developed here in general
form. Ideally, as with the Vancouver experience; the program would be
funded and adwinistered jointly by the University of Alberta, Provinée of
Albé%ta,‘Govefnmeht of Canada, Edmonton Regional Planning Commissioﬁ, and
the Cities of Edmonton, Cq]gary or bogh. As a first step, the program

would determine the potential users, types of uses, model structure, and

cost./
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Footnotes

IMark s. Henry, "0On the Value of Economic-Demographic Forecasts to

Local Governments," The Annals of Reqional Seience, 14 (March 1980), pp.

o

2To my knowledae, this fechnique has not been introduced before.
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APPENDIX A o

FACTORS USED'IN FORMULATION OF INDIVIDUAL
LAND SUITABILITY MAPS

General Urban and Urban Reserve Land Classes

a) Groundwater recharge map (on file)
b) Generalized topography map (Vol. 1)
c) Soils map (Vol. 1)

d) Surficial deposits map (Vol. 1)

‘e) Groundwater yield map (Vol. 1)

f} Urban Land Use policies

g) Existing urban areas and infrastructures

h) Areas committed to urban in PRP (Meétropolitan Part), statutory
plans and by-laws , ‘

) Land Use compatibility

) Financial ability of municipality to provide support services

) Amount of vacant urban land

) Population projection to 1986

) Land ownership characteristics

) Areas committed to Urban Reserve/Residential Reserve in PRP
(Metropolitan Part), statutory plans and by-laws

0) Population projections to year 2001 '

General Industrial and industria] Reserve Land Classes

a) Groundwater recharge map (on file)

b) Generalized topography map (Vol. 1)

c) Soils map (Vol. 1) _

d) Surficial deposits map (Vol. 1) ' %

e) Groundwater yield map (Vol. 1) g
f) Economic and Industrial Land Use policies

g) Existing industrial areas and urban infrastructure

h) Areas comitted to Industrial in PRP (Metropolitan Part),

statutory plans ‘and by-laws

) ‘Land use compatibility

) Availability of lahour pool ,

) Financial ability of municipality to provide support services

) Amount of vacant industrial land - ‘

) Recent economic and industrial land development trends/prospects

) Areas committed to Industrial Reserve in PRP (Metropolitan Part),
statutory plans and by-laws

0) Long-term (20-25 years) economic/industrial land development

prospects

Agricultural: Farmland Conservation Land Class

a) Prime agricultural lands map (Vol. 1)

b) Agricultural Land Use policies :

c) Areas committed to Agriculture in PRP (Metropolitan Part)

d) Areas committed to Agriculture in statutory plans and by-laws
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Agricultural: Country Residence Land Class

a)
b)
c)
d)

Soils .

Groundwater yield map (Vo] )

Surficial deposits map (Vol. 1) .

Generalized topography map (Vol. 1)

Floodplain areas map (on file)

Groundwater recharge map (on file) . '
Country Residential Land Use policies &
Existing multi-parcel concentrations of CR development

Areas committed to CR use in PRP (Metropolitan Part)

Areas committed to CR use 1in.statutory plans and by-laws
Amount of vacant CR land

Population projections

Land use compatibility

Detailed CR study by Comm1551on Staff in selected port1ons of the
Region ‘

Resort Land Class

a)

Soils map (Vol. 1)

Groundwater yield map (Vol. 1) v .
Surficial deposits map (Vol. 1) -
Generalized topography map (Vol. 1)

Floodplain areas map (on file)

Groundwater recharge map (on file) -

Lake Shoreland Use policies

Stream Shoreland Use policies.

Existing Summer Village and resort areas

Nature Conservation, Open Space and Recreation Land Class

a)
b)
c)
d)
e)
f)

q)
h)

i)
J)
k)
1)

. m)

n)
0)

C.L.I. Recreational capability map (Vol. 2}

Critical Wildlife areas map (Vol. 1)

Surficial deposits map (Vol. 1)

Generalized topography map (Vol. 1)

Groundwater recharge map (on file)

Floodplain areas map (on file)

Primary and Secondary Wildlife Protection Areas Map (Vol. 2)
Existing Provincial and Municipgl parks

Areas reserved or acquired for public parks

Areas committed to Recreation/Open Space in PRP (Metropolitan
Part)

Areas ‘committed to Recreat1on/0pen Space in statutory plans and
by-laws

Open Space and Outdoor Recreation Land Use policies

Stream Shoreland Use policies

Lake Shoreland Use policies .

Fish and Wildlife Habitat llse policies

&
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. Special Control Area Land Class

a)

b)

c)
d)
e)
f)
- 9)

SOURCE :

“Valuable sand, gravel and coal deposits map (Vol 2)

Boundarieé of Regulated Lake Shorelands

-Boundaries of Priority Lake Shore]ands (established by Commission

staff)

.35 N.E.F. (Noise Exposure Forecast) contours of airports
‘Restricted Development Areas (RDA's)

Cooking Lake Moraine Study boundary
Forest Protection Area (Green Zone) Boundary

Edmonton Regional Planning Commission, Edmonton Regzonaz Plan:
Draft, 2 Vols,, Vol. 2, Append1x B-3. 0




APPENDIX B

PURPOSE OF MODELS

Models can be classified according to three basic purposes. First,
descriptive models categorize and relate much about the inner workings of
* the urban environment that affect its structure. For these models it is
sufficient to know that the endogeneous and exogeneous variables are
related. The statistics, thus, are non-parametric. Second, forecasting
or projection models 1nvo]ve parametric relationships between the
endogeneous and exogeneous variables. Included in this category are
estimation, prediction and impact. Estimation involves determining future
values for the exogeneous variables, and through the model, relating these
values to determine estimates of endogeneous variables. Prediction is
synonomous with conditional estimates or policy analysis. The idea is to
preset values on parameters in the model to observe the impact on the
endogeneous variables. Impact is closely related to the latter, but more
concerned with market than policy impacts. For example, the impact of a
new industry locating in the urban area as opposed to, policy impact of
increasing transportation prices. The above two categories, descriptive
and forecasting, are considered to be positive models because they model
what is or what will be. Also, in general terms, they are referred to as
market analysis tools. v v :

Third, a model can be used for’ plann1ng. They are normative models.
The p1anner sets up a set of goals and from these (measurable) objectives.
These are value laden assumptions of what would be- "good" for society or
what it should strive for. A]ternate means to achieving the objectives are
determined and evaluated. The most "suitable" means are chosen.
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; APPENDIX G

GROWTH AND CHANGE

-

A strategy for| the accommodation of growth which reflects the
principles of conservation of natural _resources and the efficient
use of land in| the Region. :

Population. d1 tribution in a manner which maximizes accessibility
to and efficient use of transportation, education, recreation,
health care and social fac11it1es, and services. ,

: A Regiona] urban structure which provides the opportun1ty for all

people of the Region to obtain adequate housing in locations
convenient to fac111ties and in well planned communities.

Management of urban growth in a manner responsiVe to local
desires, historical factors and ‘social, cultural and

,environmenta] values.

Creation or re-inforcement of a sense of Regional and commun1ty
identity in all parts of the Region.

A prosperous and stable economy containing a variety of
employment oppqrtunities in proximity to places of residence.

Opportunify for cifizens and communities to share in the economic
growth of the Region.

TRANSPORTATION AND UTILITIES

A safe, efficient and convenient multiple-mode transportation
system that is integrated with land use and is consistent with
the city-centred region concept of the Plan.

Efficient and adequate water, sewer and solid waste disposal
services for all of the Region's residents.

PHYSICAL ENVIRONMENT

Protection of extensive open space and sensitive or unique areas.

Wise and efficient use of land and other resources of economic

- importance to man.

Conservation of valuable non-renewable resources for future.use

~and benefit of the Region. -
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Compatibil1ty and harmony between the natdral environment and
human development.

GOVERNMENT AND CITIZEN CO-OPERATION

An effective Regional Planning Commission.
Improved inter-municipal and inter-governmental co-operation.

Opportunities for citizen part1c1pat10n in the decisions that
shape the Reglon

Edmonton Regional Planning Commission, Edmonton Regional Plan:
Draft, 2 Vols., Vol. 2, pp. 2-8, 2-9. : -



