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Land use studies for the farm, regional or suq~ 
have various aims: (i) analysis of current situationql• 

,,I 
future possibilities; (iii) planning of development.!!, 
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applications. l1i 
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ional level may 
) exploration of 
ent factors and 
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disciplines are involved in different studies and the~ k·.·,· ••. ·~.,,~ •. l 

Both socio-economical factors and bio-physi~ tors play an im-
portant role when analysing the current situation. Th:,~1 ysis can be used 
to describe or explain the current situation and to ;:': mparisons with 
other systems. With this knowledge predictions cmJ made, only for 
the near future, by extrapolating the trends.In exploraf dies bio-physi-
cal factors and disciplines are most important. By coqr ·ng bio-physical 
factors with socio-economic constraints and objec~ , , technical possi
bilities for the future can be explored under different! 

I:: I 
!d 

In these studies with a time horizon of more ,,, 
sumed that socio-economic circumstances that are c 
disappear or be abolished in the future by economic 
right policy instruments. Explorative studies show 
policy aims for land use and reveal trade-offs betwe 
from a bio-physical point of view. They aim at hel 
chosing aims and to search for instruments in confo 
In planning studies main focus is on searching the 
struments to realize desired land use options. 
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This paper deals with explorative studies for the regional and supra
regional level. A methodology for the exploration of land use under differ
ent policy views, which uses insight in bio-physical processes, will be pre
sented. Motives to carry out explorative studies can be various: agricul
tural overproduction, food shortage, setting research priorities, employ
ment in agriculture, environmental issues, etc .. The final aim of explor
ative studies is to show the importance of explicitizing aims for land use 
policy. The following items are treated: 

1. Basic principles and concepts of production-ecology. 

2. Methodology for explorative land use studies. 

3. illustrations of methodology with EC-study 'Ground for choices'. 

4. Conclusions and follow-up of explorative land use studies. 

Basic Principles and Concepts of Production
Ecology 

The basis of primary and secondary production is photosynthesis of 
plants. Leaves of plants intercept the radiation of the sun and use its energy 
for the production of sugars by means of a reaction between carbon diox
ide and water. Knowledge on the physical, chemical and physiological pro
cesses involved can be quantified and forms the basis of production ecol
ogy. This can be used to calculate the-crop performance under various cir
cumstances. Dynamic crop growth simulation models can be used for that 
purpose. 

At the crop level various groups of growth factors can be distin
guished, i.e. the growth defming, limiting and reducing factors. In accor
dance, three production levels can be distinguished: the potential, attain
able ( ~ater and/or nutrient limited) and actual yield level. The potential 
yield is determined by growth-defming factors, which include incoming 
radiation, temperature and characteristics of the crop; yields of agricultural 
crops can not continu to increase indefinite! y, but have a well defmed maxi
mum. The attainable and actual production are detennined by production 
limiting and production reducing factors. The growth limiting factors are 
water and nutrients and the growth reducing factors include weeds, pests, 
diseases and pollutants. 
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Attainable yields can be increased by applyin~-11 
Actual yields can also be increased by using yield pr~t 
applying knowledge about the effects of various gn~j 
cultural techni.ques, input-output relations fo~ ag~cu!;·.··· •. · .. • .•.. ll 
calculated which are not based on current sttuatlon~j: 
means of trend extrapolations, but on possibilities fro I·; . 

of view. These relations form the basis for exploratit~ 

.Methodology for Explorafive land U~~ J 

!iij 
1!;; 

Before starting an explorative study the motive~~~ 
should be clear. This will have consequences for the ~~ .. ;··:·:· 
study is defmed in time, space and influence of man!l 

j!:; 

horizon the more the influence of man in socio-econQt 
factors can be seen as variable. Therefore, the time h~ 
studies is usually at least 15 years, such that 'trend btlf 

II; II 

Fig. 1 gives a schematized representation of~ 

explorative land use studies. The central technique Nv.·.· •. · •.. l . '•'I II 
methodology is the Interactive Multiple Goal Linerufj 
nique (De Wit et al., 1988; Veeneklaas. 1990). IMGLt 
ming technique with more than one objective functioft. 
run of an IMGLP model, the model is optimized fori:

1

P 
functions with upper or lower bounds on the other ot 11 

this way the consequences are revealed of putting um 
on some objectives on the optimal value for another olfj 
way around; the trade-offs between objective beco~ 
technique scenarios can be generated for different po~, 

In the IMGLP model technical information abou~· 
concerning land use and other resources, and inforrb 

1:]_ 
sumption and trade are confronted with different poliqy 
cal information on land use is derived by using the priV' ,,. 
of production-ecology. The policy views are made oiX!r 

a set of explicit objective functions from these polic~~l.·.·.··.· .. i· •• l .. i .. i' ing the model for the most relevant objectives for eac:. e~ 
land use scenarios are generated for each of the poli4' . 
for the scenarios include the values for the objective f. • 
timal regional land allocation. The scenarios show ~ 
different aims and the conflicts between the policy v~ 
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can now see how their priorities atiect land use and how the effects are 
distributed over the region. 

Illustrations of Methodology with EC-Study 
'Ground for Choices' 

The methodology and the results of the study Ground for choices; 
Four perspectives for the rural areas in the European Community have 
been published in a report (WRR, 1992) and in several papers (e.g. Rabbinge 
& Van Latesteijn, 1992; Latesteijn, 1992). In this presentation only some 
illustrations from this study are presented. 

The Common Agricultural Policy in the EC is faced with several 
problems: overproduction, continuing productivity, budget problems and 
growing importance of other objectives than agricultural production. The 
direct reason to carry out the EC study was the fact that the discussion on 
the reform of the Common Agricultural Policy in the EC shifted from aims 
to instruments before being clear about (consequences of) aims. 

_ The study, resulting in four options for agriculture and forestry, shows 
the importance of objectives of European agricultural policy. The IJlethod
ology described above in general terms was used to generate these options. 
The time horizon for the study was 25 years. The technical information 
about land use was derived with a land evaluation. In the evaluation the 
characteristics of soil and climate were confronted with the requirements 
for the mechanized growing of various crops (Fig. 2 and 3). For the suit
able areas the potential and water-limited yields were calculated with crop 
growth simulation models. This resulted in maps showing the yield poten
tials of different areas in the EC. 

Subsequently, production orientations and cropping systems were 
defined with expert knowledge (Fig. 2). The following production orienta
tions were distinguished: yield oriented agriculture, environmental oriented 
agricultrire and land use oriented agriculture. In the yield oriented agricul
ture, high yields with efficient use of inputs was the primary aim. In the 
environment oriented agriculture more account is taken of environmental 
hazards related to agriculture, by using less environmentally hazardous 
inputs (pesticides and nutrients), accepting a slight decrease in yield. In the 
land use oriented agriculture no pesticides are used and a low soil produc-
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tivity is accepted to use more land for agricultural Ptt:P 
positive for the countryside. 

~- This could be 

Input-output tables were generated with ex~11 'l' 'ledge for these 
production orientations, with and without irrigation. l!:i ! rinciple of best 
technical means was applied to calculate these inputji 

1
. . t tables, which 

means that both the available knowledge and the av, ; .I techniques are 
applied optimally in all areas of the EC. It was ass urn~,~ in 25 years the 
knowledge and techniques will increase and that the r ( e advantage of 
North Western Europe wil.l disappear; production posl 1 ~ · es are only de-
ermined by bio-physical conditions. 

The demand for agricultural products was es · l~j. for two diets 
current diet and a diet with more animal products) ,:', o trade situa-

tions (free trade and autarky). To quantify the de ; '· food in a free 

trade situation the results of many econometric gene 
1
.
1
. 11. :.. .. ilibrium mod

els for world trade in agricultural products were evaluh 1
• 

Four policy views were distilled from policy d?fl : ts and discus-
sions: (A) Free market and free trade; (B) Regional ~1y 1 1 ment; (C) Na
ture and landscape and (D) Environmental protection. 'FJ~ s which play 
an important role in these policy views have been tran~l~:, into eight ob
jective functions: 

1. maximization of soil productivity; 

2. maximization of total agricultural Pr"nnllurm"TU" 

3. maximization of regional agricultural ~mnJn" .... 

4. minimization of total pesticide use; 

5. minimization of pesticide use per hectare; 

6. minimization of total N loss; 

7. minimization ofN loss per hectare; 

8. minimization of total costs. 
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Distinct policy views can be fed into the IMGLP model by assigning 
different preferences to these aims and by varying the demand for prod
ucts. In different interactive runs with the IMGLP-model four land use 
scenarios were generated for the four policy views, each characterized by 
the values for the eight objective functions and the optimal regional land 
allocation. Aims relating to nature and landscape cannot be expressed in 
figures in such a way that the model can interpret them. For this reason a 
spatial evaluation was built into the procedure. 

The study produced much information and many results (WRR, 1992). 
Only some highlights can be presented here. All land use options of the 
study imply a strong diminished use of land for agricultural products (Fig. 
4). By using the production possibilities formulated, agricultural employ
ment radically decreases. At the same time, however, the use of pesticides 
and the loss of nutrients can be reduced dramatically. 

These are the common results of the different scenarios. Of course, 
there are also distinct differences between the scenarios, both in terms of 
values for the objective functions as in terms of the regional land alloca
tion. For instance, in the regional development scenario more land is used 
than in the free market scenario, and the land is spread wider across the 
regions in the EC to satisfy the objective of regional development. In the 
free market scenario only the most efficient regions are used for produc
tion. 

Conclusions and Follow-Up of Explorative Land 
Use Studies 

The results of explorative studies do not show a blueprint for future 
land use nor a blueprint for agricultural policy. In stead these studies show 
scenarios that explore possibilities of future land use. A policy which tries 
to achieve something else than the common results of the different sce
narios has to 'go against the tide'. The differences between the scenarios 
show the 'scope for policy'. The response on the EC-study 'Ground for 
choices' indicates that there is a growing awareness of the relevance of 
having regional aims and insight in consequences of regional aims. 

Explorative studies at the regional level clearly need a follow-up. 
Explorative studies for the farm level should be carried out and once the 

Explorative Land Use Studies for the Regi(,htd 

aims for future land use have been formulated, the J~ 
struments have to be found, to influence fanners in~ 
(Hengsdijk & Kruseman, 1993; Rabbinge & Van I, 
household studies can help to understand response ~~· 
agricultural policy. By aggregating farm studies and diijl 
studies the conflicts between both aggregation levelsj1ifj 
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Figure 2: Land Evaluation and Definition of Location Specific Inputs and Outputs for Agricultural Activities 
in the EC. Source: WRR (1992). 
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Figure 3: Percentage of Agricultural Are Suitable for Root Crops, Cereals and Grass. Source: WRR (1992). 
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Figure 4: Land Use in the Different Scenarios Compared with Current Land Use in the EC 
(in mill. ha). Source: WRR (1992). 
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