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PROPOSITIONS

The term land use analysis should replace land use planning (this thesis).

FAO’s (1976) Guidelines for land use planning put too much emphasis on
land evaluation and too little on farming systems analysis.

The FAO (1976) definitions of the different levels of suitability of land
units for land use types are economic in character, even for the biophysical
part of a land evaluation. Such definitions obscure the technical nature of
judgements of agronomists and soil scientists regarding suitability, which
are mainly based on yield expectations (this thesis).

Linear programming is a useful tool in land use analysis, in particular at
the farm and sub-regional level, because it permits incorporation of detailed
technological information and facilitates cooperation between agronomists,
soil scientists and economists (Hazell & Norton, 1986; this thesis).

To assess the comparative effects of changing circumstances or of different
policies, good land use analysis requires a distinction of farm types
representative of the major farming systems; each should have objective(s)
representing the most important behaviourial motive(s) of decision makers
within a farming system (this thesis).

The proposition of Bell et al. (1982) that the aggregation bias in regional
linear programming models is not important in case farm types differ in
resource availability but not in technology and objectives, while resources
can be exchanged at low transaction costs, is correct (this thesis).

Pearce & Turner’s (1990) definition of sustainable development and their
related rules for the use of resources are a good starting point for
operationalising sustainable land use based on constraint optimisation
models (this thesis).

Efficiency in resource use as defined in the agro-technical or biophysical
literature (for example de Wit, 1992; Fresco & Kroonenberg, 1992;
Oenema, 1996) is what economists call productivity.

Conway (1987) incorrectly considers equitability a property of agro-
ecosystems. It is a property of the social system in which the agro-
ecosystem is embedded (this thesis).

For a given structure of land units and land use types, the relative
availability of factors of production other than land determines the use of
land (this thesis).



11. Abolishing agricultural import levies and export subsidies by the EU
benefits farm families outside the EU more then it hurts farm families
inside the EU.

12. De allochtonenverklaring (Wet bevordering evenredige arbeidsdeelname
allochtonen) heeft een ongewenste overeenkomst met een omgekeerde
ariérverklaring.

The ‘Declaration of foreign origin’ (Law promoting equal participation of
immigrants in the workforce of the Netherlands) has a undesirable
similarity with an inverse ‘Declaration of Aryan origin’.

13. De beperking van de vrijheid door de Wet op de identificatieplicht
vermindert de blijheid.

The Dutch law requiring compulsory identification restricts freedom and
decreases happiness.

Propositions presented with the doctoral thesis Farming in a fragile future:
economics of land use with applications in the Atlantic Zone of Costa Rica of
Robert A. Schipper, Wageningen, 13 September 1996.

References

Bell, C., P. Hazell & R. Slade (1982). Project evaluation in regional perspective: a study of an
irrigation project in Northwest Malaysia. The Johns Hopkins University Press, Baltimore.

Conway, G.R. (1987). The properties of agro-ecosystems. Agricultural systems, 24: 95-117.

FAO (1976). A framework for land evaluation. FAO, Rome. (FAO Soils Bulletin, No. 32).

FAO (1993). Guidelines for land use planning. FAO, Rome. (FAO Development Series 1).

Fresco, L.O. & S.B. Kroonenberg (1992). Time and spatial scales in ecological sustainability.
Land Use Policy 9: 155-168.

Hazell, P.B.R. & R.D. Norton (1986). Mathematical programming for economic analysis in
agriculture. Macmillan Publishing Company, New York.

Oenema, O. (1996). De kunst van het goed bemesten (The art of good fertilising). Wageningen

Agricultural University. (Inaugural address, 13 June 1996).

Pearce, D.W. & R.K. Turner (1990). Economics of natural resources and the environment.
Harvester Wheatsheaf, New York.

Wit, C.T. de (1992). Resource use efficiency in Agriculture. Agricultural Systems 40: 125-151.



FARMING IN A FRAGILE FUTURE

Economics of land use with applications in
the Atlantic Zone of Costa Rica

Illllllll))INIIHHIHHIHU!Mllllll)ﬂlNHI)IHN!HHHM

000 0751 2409




Promotoren:

dr. A. Kuyvenhoven
hoogleraar in de agrarische ontwikkelingseconomie

dr. ir. H.A. Luning
hoogleraar in de landgebruiksplanning voor regionale ontwikkeling in
ontwikkelingslanden, Rijksuniversiteit Utrecht



uno® ol 213

FARMING IN A FRAGILE FUTURE

Economics of land use with applications in
the Atlantic Zone of Costa Rica

Robert A. Schipper

Proefschrift
ter verkrijging van de graad van doctor
aan de Landbouwuniversiteit Wageningen
op gezag van de rector magnificus,
dr. C.M. Karssen,
in het openbaar te verdedigen
op vrijdag 13 september 1996
des namiddags te vier uur in de Aula
van de Landbouwuniversiteit te Wageningen

ISh D 21200

-

¢



CIP-DATA KONINKLIKE BIBLIOTHEEK, DEN HAAG
Schipper, Robert A.

Farming in a fragile future: economics of land use with applications in

the Atlantic Zone of Costa Rica / Robert A. Schipper.

Thesis Wageningen Agricultural University. - With ref. - With

summaries in Dutch and Spanish.

ISBN 90-5485-565-7

Subject headings: agricultural economics; land use analysis; linear
programming; sustainability; Costa Rica

BBl AOTHEEK
LANDBOUW UNT /LRSI AT

WA CEMRIGEN



To Alli

For Merijn






CONTENTS

ABSTRACT

PREFACE AND ACKNOWLEDGEMENTS

INTRODUCTION

LAND USE PLANNING AND LAND EVALUATION

2.1
2.2
2.3

Land use planning

Land evaluation

An economic critique of land evaluation

2.3.1 Selection of land use types

2.3.2 Comparing land use types with cropping and livestock
systems and with economic activities

2.3.3 Suitability definitions/levels

2.3.4 Analysis at the (sub-)regional level, omitting the farm
level as a unit of decision making

ECONOMIC THEORIES OF LAND USE

3.1

3.2

3.3
34

3.5

Land as an economic resource and sustainable
development
Resource economics
3.2.1 Land economics
3.2.2 Classical economics views
3.2.3 Scarcity of land mitigated
3.2.4 Contemporary theories

3.2.4.1 Optimal rates of depletion

3.2.4.2 Natural resources and property rights
3.2.5 An extension to economy-ecology links
Cost-benefit analysis
Farm management, production economics and household
economics
Other theories relevant for land use
3.5.1 Regional economics and comparative advantage
3.5.2 Institutional aspects
3.5.3 Micro-macro linkages and aggregation problems
3.5.4 Linkages between sectors

vii

Xiii

XV

11
15
15

15
17

19

21

21
30
31
32
33
38
38
41
43
50

52
55
56
57
58
59



viii

4 METHODS OF LAND USE ANALYSIS AND PLANNING

4.1
4.2

4.3

4.4
4.5

A skeleton model of the agricultural sector
Regional agricultural planning
4.2.1 Background
4.2.2 The concept of a region
4.2.3 Phases in planning
4.2.4 Comprehensive resource based regional agricultural
planning
4.2.5 Project and programme identification
4.2.6 Policy implications
Land evaluation and farming systems analysis for land use
planning
Some suggestions for improving land evaluation
Land use analysis
4.5.1 Grouping of farm systems
4.5.2 Models per level of analysis
4.5.2.1 Activity level models
4.5.2.2 Farm level models
4.5.2.3 Sub-regional level models
4.5.3 Linking the farm and (sub-)regional levels

5 A LINEAR PROGRAMMING APPROACH TO LAND USE
ANALYSIS

5.1
5.2

5.3

Levels of analysis and aggregation issues

Linear programming as a tool for land use analysis

5.2.1 Agricultural sector models

5.2.2 Sustainability parameters in linear programming
models

5.2.3 Single and multiple goal linear programming

5.2.4 Linear programming and economic analysis in
agriculture

Linear programming models in land use analysis

6 A LAND USE MODEL OF THE NEGUEV

6.1
6.2
6.3
6.4
6.5
6.6

The setting

The Neguev settlement

Land use systems as core activities in the models

Farm classification and models

Sub-regional models with farm types

Formulation of the linear programming mode! REALM

61
61

64
66
67

69
72
72

73
77
86
88
90
90
92
93
95

99
99
103
103

111
112

114
115

123
123
125
130
132
137
138



7 LAND USE SCENARIOS IN THE NEGUEV
7.1 Scenarios in land use analysis
7.2 Base scenario
7.3 Present land use systems scenario
7.4 Biocide reduction scenario
7.5 Price of biocide reduction scenario
7.6 Soil nutrient depletion scenario
7.7 Price of palm heart scenario
7.8 Price of labour scenario
7.9 Discount rate scenario
7.10 Summary of scenarios

8 DISCUSSION AND CONCLUSIONS
REFERENCES
SUMMARY
SAMENVATTING
RESUMEN
APPENDICES
1 A NOTE ON REGIONAL ECONOMICS
2 A METHODOLOGICAL APPROACH TO COMPREHENSIVE
RESOURCE BASED REGIONAL AGRICULTURAL
PLANNING: A ‘PRAGMATIC MODEL’

3 NEGUEV SETTLEMENT: FARMING AND LAND USE IN
1987

4 NEGUEV SETTLEMENT: FARMING AND LAND USE IN
1991/92

5 AN ALTERNATIVE FORMULATION OF THE LABOUR
MARKET

ABOUT THE AUTHOR

149
149
153
163
165
169
170
171
174
176
178
183
197
223
233
243
253

255

261

265

269

2717

283



Table 3.1
Table 4.1
Table 4.2
Table 5.1
Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 7.1
Table 7.2
Table 7.3
Table 7.4
Table 7.5
Table 7.6
Table 7.7

Table 7.8

Table 7.9

Table 7.10

Table 7.11

Table 7.12

Table 7.13

LIST OF TABLES

Type and human-induced cause of soil degradation

(percentages) 26
Soil and land use type combinations included for
consideration in the Neguev, Costa Rica case study 79
Suitability levels in biophysical land evaluation 84
Comparison of three models concerning land use 108
Land use in the Neguev: 1985, 1987, 1989 and 1991

(ha) 129
Clustering of Neguev farms into five groups 136
Indices in REALM 145
Variables in REALM 146
Coefficients in REALM 147
An overview of the scenarios 150
Land related resources and production economics results

per farm type: base scenario 155
Income structure per farm type: base scenario

(Colones 10° year™) 156
Labour use per farm type: base scenario (days year™) 157
Land use per farm type: base scenario (ha year™) 159
Soil nutrient depletion per farm type: base scenario

(kg ha' year?!) 160
Biocide use index per farm type: base scenario

(index value ha! year) 160

Value of objective function: base scenario versus present
land use systems and sustainability policy related scenarios

(Colones 10° year?) 163
Biocide use index per farm type for base and biocide
reduction scenarios (index value ha’ year™) 166
Influence of biocide use restrictions, as a percentage of the

use in the base scenario, on economic surplus, land and
labour productivity, and areas with palm heart, both with

and without herbicides 168
Total amount of nutrients (kg ha™) and permissible yearly
losses (kg ha'! year™) in the top 20 cm of the three soil

types in the Atlantic Zone 171
Effects of a decreasing palm heart price on objective

function and areas with palm heart 172
Changes in the value of the objective function: base

scenario compared to price of labour scenario 175



xi

Table 7.14 Value of objective function, plantation work and land use:

base scenario compared to discount rate scenario 178
Table 7.15 Results of alternative scenarios (in % changes from base

scenario) 180
Table A.1 Importance and area of some crops in the Neguev, Costa

Rica, 1987 267
Table A.2 Farm classification in the Neguev, Costa Rica, based on

1987 survey: percentage and number of farms in each

class 268
Table A.3 Land resources and farm gross margin of 13 farms

surveyed in the Neguev, 1991-1992, plus assignment of

each farm to a farm type 270
Table A.4 Use of labour from outside the Neguev, expressed as a

percentage of the local labour use (per month and yearly

total), in relation to monthly wages for hired labour 281
Table A.5 Use of non-forest land, distribution of total economic

surplus over farm types, and total economic surplus, in

relation to monthly wages for hired labour 282



Xii

Figure 2.1
Figure 3.1

Figure 3.2
Figure 4.1
Figure 4.2

Figure 4.3

Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 7.1

LIST OF FIGURES

Land evaluation procedures 14
Possible relations between the value of production and the
costs per ha, and the quantity of land 32
A classification of natural property rights 42
The agricultural sector 63
Physical product of a specific land use type with varying
quality of land 81
Stepwise approximation of a continuous relation, for a

specific land use type, between the quality of land units
and the quantity of production per hectare of land (yield),

keeping all other factors constant 85
The set-up of the USTED methodology 125
Location of the Neguev settlement 126
Farms in the Neguev settlement 128
Soil types in the Neguev settlement 134
Farm types in the Neguev settlement 135
Maps of land use in the Neguev: base and 50% reduction

variant price of palm heart scenario 173



ABSTRACT

The present study contributes to the search for a methodology for land use analysis,
ajiming at a land use that provides sufficient (and rising) incomes to the agricultural
population and at the same time maintains the productive capacity of land. The
contribution focuses in particular on the role of economic analysis.

The study starts with a review of land evaluation and land use planning from an
economic angle, providing suggestions for improvement. After a brief examination of
prospects for agricultural production and population growth, and problems of land
degradation, the concept of sustainable development is discussed. The study opts for a
definition of Pearce & Turner (1990). In conjunction with rules for resource use, this
definition can be made operational for land use analysis. Reviewing theories of resource
economics, it is concluded that these theories are relevant and provide ‘food for thought’,
but lack direct or easy applicability to practical cases of land use analysis. Concepts of
cost-benefit analysis and of farm management, production economics and household
economics are more directly applicable to land use questions. Other important concepts
originate from regional economics, or point to institutional problems, in particular
questions around land tenure and contradictions between land users. ‘Unsolved’ problems
within the discipline of economics, should caution against undue belief in the
approximation of reality of the results.

The role of economics within land use analysis is outlined. The background to this
outline js formed by a skeleton model of the agricultural sector, concepts of regional
agricultural planning, in particular a comprehensive resource based approach, and the so-
called LEFSA sequence for land use planning. The basic idea is to distinguish levels of
analysis and to consider the analyses made by several disciplines (including agronomy,
soil science and economics) at each of these levels. Furthermore, at each of these levels
models can be designed, which are connected in a modular fashion and which foster
multi- or interdisciplinary collaboration. It is advocated that the term land use planning be
replaced by land use analysis.

Linear programming models as a tool for land use analysis are discussed. A linear
programming model for a case study, the Neguev settlement in the Atlantic Zone of Costa
Rica, is presented. The matrix of the model includes five sub-matrices each encompassing
a different farm type. The farm types are distinguished on the basis of land-labour ratios,
considering three soil types. Land use activities are included in the form of Land Use
Systems & Technologies. These represent land use systems with fixed input-output
coefficients. Two indicators for sustainability are taken into account: soil nutrient
depletion and biocide use. These are built into the model via constraints, marking upper
limits to the use of renewable resources and to the waste flow into the environment. The
linear programming model forms part of the USTED (Uso Sostenible de Tierras En el
Desarrollo) methodology for land use analysis.

Several land use scenarios are analysed to assess whether incomes of farms can
increase through an improved, more sustainable, land use. A base scenario is calculated
to serve as a reference for assessing the impact of policy measures or changing socio-
economic conditions. A striking feature of the base scenario is the large area with palm
heart in comparison to the actual area. Doubling the biocide price hardly affects its use,
while a quantitative restriction on the use of biocides to half the amount used in the base
scenario reduces average incomes by less than 1%. When soil nutrient depletion is
restricted to ‘critical losses’ per year over a ten year period, average incomes are reduced
by less than 3%. Other scenarios concern the impact of decreasing palm heart prices, the
influence of increasing wages and the role of the discount rate. Given a certain structure
of land use types and land units, land use is determined by the costs and availabilities of
other factors than land; in the Neguev case labour.
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