
, .. J ..

FLEXIBILITY AND CRITICALNESS IN RESOURCE

URBAN EXPANSiON AND LAND' NE~CFOR
>

•

By

USE: THE CASE OF

AGRICULTURE

"

A Thesi s

','

"

MARK STEPHEN FLAHERTY, M.A .

•

,~
"

Submitted to th~ School of Studies

in Partial FUlfillmen~pf the Requirements

for the,Degree

..

Doctor of Philosophy

McMaster Universit~, .'

~ Februa~y, 1985
,

\



f

FLE XI 8 I LI TV AND CR I TI CALNESS'~~RESOURCE USE

••
•

•

..

,



DOCTOR OF PHILOSO~HY (1985)
(Geography)

\

?

McMASTER UNIVERSITY
Hamilton, Ontario

-

I

TITLE: Flexibility and Criticalness in Resource Use:
The Case of Urban Expansion and Land Needs '
for Agriculture

AUTHOR: Stephen
..

Mark Flaherty, B.E.S. (University of Waterloo)

? M. A. (University of Guelph)

SUPERVISOR: Dr. B.E. Smit (

NUMBER OF PAGES: >:iii, 209

I "
.J- '<.,

0

41 \ ),

J

, ,

..

r



'\

I''----

.. '

,
ABSTRACT

,
/ -,

This thesis reviews the debate over
,

the conversion

of agricultural land t~ urban uses, and a~sesses the

•
usefulness of land and land-use classification techniques , ,

r

for establishing land-use priorities. It de~onstrates that
.....-J

the establishment df l~nd-use priorities cannot be based

solely on an assessment of the supply of land'of different

d~g~of suitability for agriculture, an~outlines the

type of information needed for land-use planning. It

argues that in'order fa . determine. if and where

agri cuI tural I and needs toAe protected to ensure' adequate

fo~d production capacity, policy-makers require information

on the capacity of the land base to meet agricultural... .,.
commodity requirements under a variety of future

•

conditions. This i~cludes data not only on the feasibility,

of ,meeting given d~ands, but also on how much production

capacity exists and whether the fulfillment of given

deman~ hinges upon particular land areas or types of land

being available to agriculture.

Flexibility is interpreted as the amount of

production capacity that remains after specified demands '----

are r,net. This thesis assesses several measures of

flexibility.' Each measure is based upon the analysis of a
" ,
linear set of inequalities wHich descr~~ resource..

" ,
,



--availabil-~v and demand conditions. Two diffe....ent, '(

app .... oaches a1e' e>: ami ned. The f i .... st app .... oach dete.... mi nes the

e>:tent to wJiCh P,oduction capacity e>:ceeds 0 .... falls sho.... t

of given deLands. The second approach is based on the size

C.... iticalness is inte.... preted as the e>:tent to which

of the feasible

i n~qUal i ti'es'. ,

region defi~€ti by the linear set of

-- .'

the fulfillment qf given demands is dependent upon

different types of 'land being availabJe to agriculture.
" ' , :,J "

This thesis has assessed several measures of ~and-use

criticalness.
,-

Each of the criticalness measu.... es is based

impo.... tance of assigning individual crops to each land type'

.land type i-;:; meeting all, the demands .

on the analysis of a lin~ar set of inequalities. Two types
... .... ~ qp

of measures are assessed. The fi .... st type,rates!the

This measure takes,tW? forms:

and conditiona~ mlnl~fi
",

The second type rates the importance of each

as to, meet' given dem·ands.

assignments .

··absolute.mi"nimum assignments

\
/

~j

...

..I

, v

I .



~.
ACKNOWLEDGEMENTS

Several peopl~ contributed to the preparation of this

thesis. Foremost, I thank the members of my supervisory

commit~e. Barry Smit, who acted as .supervisor, for his

and Lloyd Reeds for

inte~Bst, advic~, and occasional use of
. . . 0'

• Webber for his ur,{sparing use of red ink,

the boot, Michael

his encouragement~ I also thank Barry for the loan o-f his

suitcase in a moment of need.
•

I am also indebted to. several

people at the University of Guelph. Bob Chapman and Steve

Giscondi from the Department of Mathematics and Statistics,

Al Dyer from Academic and Computing·Services, Peter MCCaskell

from the pepartment of Geography, and members of the Land

ant( ROr Lohr'. L~TSo 'thank the McM~ster Geography Department

not \ d~IY for financial support, but for providing a

sti me"" at i ng . r·esearch envi ronment.· One of the most rewardi ng
~

.. Evaluation Group in pa~ticular Mike Brklacich,,., . Debbie Bond

and enjoyable parts of my stay has been the opportunity··to

meet and work wi th gradua.teostudents from all parts, of the

A

globe. It is distressing th~t the Province of Ontftrio seems

determined to remove the benefit o~s~ch education for others

'0
through large increases in yisa student tuition fees.

final thanks goes to Rick Hamilton for preparing the figures

- before he finished the scotch (hic!).

,

••



\

./

!

TABLE OF CONTENTS

7

7

17

21

, :25

33

34

~ 38

40,.

43

46

2.1.3 Composite Land Capability

"2.3.1 Agricultural Land Conversion

2.4.2 Land Cap~bility Indices

2.4.4 Plan Evaluation Techniques

2.5 Information Needs~for Land-Use Planning

2.4 Planning for Agricultural Land Use

~

2.4.1 Soil and"Land'Classification

1.3 Outline of T~esis
l

/
2. BACKGROUND ) "-

I 2.1 Urban cen~(;?' ,and Agricultural Land

2.2 Ma~ket Failure

2.3 The Canadian Context

j

Page'
,
ABST~ACT iii

ACKNOWLEDGEMENTS v.
(

TABLE OF CONTENTS vi
-....) r

LIST OF TABLES ix ---
LIST OF FIGURES x·i i

CHAPTER
I •

1. I NTRODL!CTI ON l 1,
'- h1 Nature of the Problem 1

..,
1.2 Pd~pose

~
the Study 5

t'
,

.. .',



2.5.2 Land-Use Criticalness

2.6 Summary

3. LAND-USE PROGRAMMING MQDELS

49

52

-53

55

55

57

60

64

74

79
\.

85

)87

87

89

91

94

96

98
.

<101

103

107

109'

•

,,'

~
)

FLEXIBILITY

, .

- ,

'.

3.5 Modelli.ng toGenerate A'lternatives

3.6 Summary

~1 La~d-Use Flexibility

(

4.2 Minimum Area

3.3 ~gricultural Land-Use Progra~ming Models

• <S
3.4 Mtlltiobjective Programming Models, .

~.2 Programming Methods and Land-Use Planning

3.1 ·Land~Use Planning Model~

3.1.1 Singl.e Object.ive Programming Models

2.5.1 Land-Use Flexibility

4.3 Maximum Production

4.4 Maximum Proportion of Targets
<l>

~.5 Volume of the Feasible ~gion

4.5.1 Monte Carlo Metho

4.5.2 Lasserre's Algorith

4.7 Summary

4.6 Radius of an Inscribed Sphere

~

4. ALT~RNATIVE MEASURE~OF LAND-USE

5. AN. ASSESSMENT OF SELECTED LAND-USE FLEXIBILITY. -

.,
(i

\

)
/

'---/ .

MEASURES

5./1 Land-~e Scenario~
109

5.2 Maximum Proportion ~f Targets
112

" ,

•



7.2 Conditional Minimum Allocations

7.2.1 Centroid

7.4 Stlmmary

145
•
15~

152

158

164

168
/

170

170

176 .J
, 179

199
'f&.

\
.. '

F(3l and F(5l
I

Partial Derivatives for
Measures of Flexibility

• r

7.2.2 Epicentre

8.1 Summary

7.3 Cr i tical ness of a Land ,-Type
'.'

8.2 Conclusions,

7.1 Absolute Minimum Allocations

REFERENCES

8. SUMMARY AND CONCLUSIONS

V I I I ~



..
','

207Criticalness M~. .
The Effect of·

Conditional Minimum
Based on the Epicentre:
~Alternate Optima

APPENDIX B--
.-

.:
(' CI

•

•

\

, •

,

-
j'

•
j " .)

•
.~.

,
'.

•

•

, x



.. LIST OF T~BLES

Tabl e '> I Page

2.1 L~nd Capability for Agriculture in Canada ,23

5.1 land Use Scenario Data 111

7.1

7.2

Criticalness Measures Based on Absotute
Mini~um Va~ues of Decision Variables:

,Decreasing Area of 'Land Type 1, LqJ and
High Crop Demands '
, ,,> '
CrItIcalness Measures Based on A~olute

Minimum Values of Decision Variables:
Decreasing Are~ of Land Type 2, ~ow and
High 'Crop Demands'

146

148

.'

CDnditionalMeasures of Criticalness Based 163
on Average Epicentre: Decreasing Area ~f
Land Type 3; 'Low and High Crop Demands' ,

53

161

160

155

156

150

,

Conditional Measures of Criticalness
on Centroid: Decreasing Area pf Land
Low and High Crop Demands,

Criticalness Measures Based on Ab?olute
Minimum Values of Decision Variables:
Decreasing Area of Land Type 3, Low,and
~igh Crop'Demands

Conditional Measures of Criticalness
on Centroid: Decr~asing Ar~a~f Land
Low and HIgh Crop Demands )', '

\ .,
Conditional Measures, of Criticalness' B
~n Average Epicentr;~: D~Cr.asing Area
Land Type 1, Low and High r.op Demands

, ' j

Conditional Measures of Criticalness Based
on Average Epidmt':'e: Decreasing Area of
Land Type 2, Low and Higp Crop Demands'

Conditional Measures of Criticalness Bas d
on Centroid: Decreasing Area of Land Type
Low and High Demands

7.6

7.4

7.3

'{
7.7

~

7,.8

,
7.9

x ,

( ,



7.10

,.

Criticalne s Measures for Land Types:
Decreasin Area of Land Type 1

166

F(3l Measure of
~ea of Land Type

Critical ess Measures for Land
Decre~i __ :.-Hrea of :and Type.2

~ - .
Cr 1 alness Measures for Land

Measure~
of Land Type

7.11

7.12

A1

A2

Dec~easing Area of Land

Partial Deriv~ives for
Flexibility: Decreasing
1, Low Demands'

Partial Derivatives for
Flexibility: Decrea~ing

1, High Demands

Type 3

F(3l
Area

Types:

Types:

1606

167

'"201

201

A3

A4

A5

A6

A7

AS

A9

Partial Derivatives for F(3l Measure of
Flexibility: Decreasing Area of Land Type'
2; 'Low Demands

Partial Derivatives for F(3l Measure of
Flexibility: Decreasing Area of Land Type
2, High Demands

"Partial Derivatives for F(3l Measure of
Flexibility: Decreasing Area of Land Type
3, Low Demands

Partial Derivatives for F(3l feasure of
Flexibility: Decreasing Area of Land Type
'3, High Demands

Partial Derivatives for F(5l Measure of
Flexibility: Decreasing Area of Land Type
.1, Low Demands

Partial Derivatives for F(Sl Measure of
Flexibility: Decreasing Area of Land Type ~

1, High Demands

Partial Derivatives for F(Sl Measure of
Flexibility: Decreasing Area of Land Type
2, Low Demands

202

202

203

~

203

204

204

205

Partial Derivatives for
Flexibility: Decreasing
2, High Demands

F(Sl Measure of
Area of Land Type

•

205

All Partial Derivatives for F(5l Measure of
Flexibility: Decreasing Area of Land Type
3, Low Demands

"

206



•

A12

81

Partial Derivatives for Fl51 Measure of
Flexibility: Decreasing Area of Land Type
3, High Demands •

Conditional Minimum Measures of Criticalness
Based on Epicentre and Average Epicentre:
Decreasing Area of Land Type 2, Low Demands

206

209

)

x i I



Figure

2.1

LIST OF FIGURES

Percentage of World Population ~iving in \
Urban Areas, Medium Vari~nt 1950, 1980,
and 2025

Page

9

5.1 Ma,.:imum Proportion of Targets: Decreasing 113
Area of Land Type 1

i
5.2 Maximum Proportion of Targets: ~~eaSing 115

Area of Land Type 2

5.3 Maximum Proportion of Targets: Decreasing 116
Area of L£lnd Type 3

5.4 Radius' Measure of Flexibility: Decreasing . 120
Area of Land Type 1

5.5 Radius Measure of Flexibility: Decreasing 123
Area of Land Type 2

5.6 Radius Measure'of Flexibility: Decreasing 126

;7 of Land Type 3

•

\
\

..

.'

x r I 1



CHAPTER 1

INTRODUCTION /'
•

1.1 Nature of the Problem

A major land-use issue 'in both developed and

developing nations is whether the continued conversion of~

, .
agricultural land to urban uses threatens the future

.'
production of adequate supplies of food and fibre (see, for

example, Bentley, 1978, 1981; Centre fo, Agricultural

Strategy, 1976; O.E.C.D Observer, 1976; Parker and Coyle,

198~; Vining et al., 1977). Whereas it has been common

•

practice to consider agricultural land as a reserve upon

which urban uses could draw as needed, concern over thep ,
loss of agricultural ll~~ to urban expansion has arisen in

the face of rising world demand for food, the importance of

agricultural exports in maintaining a favourable balance of

p~ments, and the prospects of increasing ,variation in

climatic conditions (Bentle~, 1978; Plaut, 1980). As well,
~

some physical resources important to modern agriculture,

particuarly fuels and fe~ti~zers, m~y not be as plentiful

in the ,future as in the past, which raises doubts about the

/
1
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