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ABSTRACT

Veeneklaas, F.R., L.M. van den Berg, D, Slothouwer and G.F.P. IJkelenstam, 1994. Rhine basin
study: land use projections based on biophysical and socio-economic analysis. Volume 4. Land
use: past, present and future. Wageningen (The Netherlands), DLO Winand Staring Centre. Report
85.4. 155 pp.; 17 Figs; 54 Tables; 45 Refs; 4 Annex; 1 Map.

The study presents possible future land use in the Rhine Basin, both as a result of technical,
economic, political and demographic developments (‘socio-economic’ factors) and in view of
changing climatic conditions due to an increase in CO,-content of the atmosphere. The Report
of the study comprises four volumes; in this volume of the Report - Volume 4 - for the decade
2(140-2049 land use projections are made under both unchanged and changed climatic conditions.
Moreover, under both conditions, land use has been calculated for a so-called Central Projection
and for two variants, one with a minimum urban and agricultural claim on land and one with
a maximum claim. To arrive at these projections, four elements have been employed: (i)
fundamental scientific and technical principles, (ii) secular historic trends, (iii) basic assumptions
and (iv) other long term surveys of the future,
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Preface

This report has been prepared by the DLO Winand Staring Centre in Wageningen
under contract for Rijkswaterstaat RIZA (Institute for Inland Water Management
and Waste Water Treatment) in Lelystad.

It is a contribution to a large research project of the International Commission of
the Hydrology of the Rhine basin (CHR/KHR), initiated in 1989, on the assessment
of the consequences of changes in climate and land use for the discharge regime
of the Rhine. Several institutes from the Rhine riparian countries are collaborating
in this project. Coordination is in the hands of the CHR. On the Dutch side, work
in the project has been undertaken by the Institute for Inland Water Management
and Waste Water Treatment (RIZA) and Utrecht University (RUU). RIZA is also
responsible for the development of land use ‘scenarios’, conceived as projections
of future land use. This research has been subcontracted to the DLO-Winand Staring
Centre (SC-DLO).

In a preliminary biophysical study, ‘Effects of climate change on crop production
in the Rhine Basin’ (Wolf & Van Diepen, 1991), also conducted by SC-DLO,
simulations were done for a few climate-soil combinations only, far from representing
the diversity of biophysical conditions in the Rhine basin. In the present study both
biophysical and socio-economic factors are considered for the development of land
use projections.

Volume 1 presents a biophysical classification needed for identifying geo-referenced
agro-ecological zones serving as a basis for region-wide land use projections under
current and future conditions. Volume 2 describes the impact analysis of the possible
climate changes on crop suitability and crop productivity, and in effect on land use
patterns and water use. Volume 3 deals with impact analysis for forestry.

This volume, Volume 4, contains the description of the possible impact on land use
of both biophysical and socio-economic developments. A number of projections of
land use in the decade 2040-2049 in the Rhine Basin is presented.

C.A. van Diepen
F.R. Veeneklaas
(project leaders)
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Summary

In this volume of the Report possible future land use in the Rhine Basin is presented,
both as a result of technical, economic, political and demographic developments
(called ‘socio-economic’ factors) and in view of changing climatic conditions due
to an increase in CO,-content of the atmosphere resulting among others in an
enhanced greenhouse effect (‘biophysical factors’). Results of the study will be used
to assess the consequences of changes in climate and land use for the discharge
regime of the river Rhine.

Four volumes

The Report of the study comprises four volumes. The first volume presents a
biophysical classification needed for identifying geo-referenced agro-ecological zones
serving as a basis for region-wide land use projections under current and future
conditions. The second volume describes the impact analysis of the possible climate
changes on crop suitability and crop productivity, and in effect on land use patterns
and water use. The third volume deals with impact analysis for forestry.

In this volume of the Report - Volume 4 - two groups of three projections of possible
land use in the decade 2040-2049 are presented. The first group of projections is
based on purely ‘socio-economic’ developments assuming no change in climate; the
second group represents the combined impact on land use of socio-economic
developments and climatic change.

Relation biophysical and socio-economic factors

The influence of biophysical factors on land use proceeds along two lines: suitability
of soil/climate combinations for agricultural and forestry production, and agricultural
yields. Both suitability and yields will change under changing climatic conditions.
For climatic change we have chosen the so-called ‘Business-as-Usual, best estimate’
scenario (BaU-best), based on one of the emission scenarios of the Intergovernmental
Panel on Climatic Change (IPCC), focusing on the decade 2040-2049.

To separate the influence of climatic change from other factors on land use,
projections have been made both under unchanged and changed climatic conditions.
Moreover, under both conditions, land use has been calculated for a so-called Central
Projection and for two variants, one with a minimum urban and agricultural claim
on land and one with a maximum claim.

15



The Central Projection and its variants

The first step was to construct a Central Projection of land use. This Central
Projection describes the long term tendency in land use, and is based on (i)
fundamental scientific and technical principles (often in the form of restrictions),
(ii) secular historic trends and (iii) basic assumptions. Differences in attainable
agricultural yield levels and in land suitability for agriculture may cause land use
to differ under different climatic conditions. Hence, in our case two Central
Projections are presented: one under assumption of no climatic change and one under
changed climatic conditions as specified in the BaU-best scenario.

Some secular trends are presented in Chapter 4; they will be used, among others,
to underpin quantitative statements on future developments.

Scientific and technical restrictions will be derived from land evaluation (see the
other volumes of this Report) and agronomic knowledge with respect to plant growth
and animal production. They refer mainly to maximum attainable agricultural
production levels and suitability of land to grow certain crops.

The basic assumptions are the most controversial input in long term surveys of the
future. They are explicit statements, but they cannot - by nature - be proven to be
valid for the period in question. They can, however, be made plausible to a greater
or lesser degree. This can be done by arguing or by referring to other studies on
future developments. For this last reason, an inventory of surveys of the future with
reference to land use in the Rhine Basin, has been carried out (Chapter 5). This does
not, however, result in unique clear-cut statements. Contradiction and vagueness
remain. In case of a great deal of uncertainty with respect to assumptions that have
a large impact on land use, variants to the Central Projection have been formulated.
In the end, the alternative assumptions are lumped together in cne ‘Plus-variant’
which combines the highest land claims of urbanisation and agriculture, and a ‘Minus-
variant’ representing the lowest land claims of these two categories of land use, thus
leaving the largest area for woodlands and nature.

Hierarchies in demand categories

Land use is assumed in the long run to be demand induced. The various demand
categories (urban, agriculture, forestry, etc.) are ranked according to an explicit
hierarchy. First, the urban land needs (and nature claims formulated in official long-
term policy plans) are met; secondly those of agriculture and then the remaining
land is allocated to forestry and other use. The rationale behind this classification
is found in the price of land paid by these different categories of land use.

Nested in this hierarchy, a second hierarchy in the category ‘agriculture’ is applied:
1 Horticulture, permanent crops.

2 Root crops.

3 Cereals and oil seed.

4 Grassland and fodder crops.

The rationale behind this classification lies in the profitability (per ha) of the various
crops and the requirements of the different crops in terms of quality of land.
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The regional distribution of agriculture

The total Rhine Basin area is 18.7 million ha, and includes parts of Switzerland (and
a small part of Austria), of France (Alsace, Lorraine), Luxembourg (and a tiny part
in Belgium), of Germany and of the Netherlands. In the study 13 regions, based on
administrative boundaries, are distinguished, ranging from 2.5 million ha (Neckar -
Siidlicher Oberrhein in Baden Wiirttemberg) to 0.25 million ha (Saarland).

The general assumption is that - within Iimits and gradually - production will
concentrate in those areas with the highest yield potentials. This implies that shifts
will take place in the regional shares in total Rhine Basin production. These shifts
are based on the ranking of calculated ‘attainable’ yield levels of the various Regions.
‘Attainable yield’ is defined as 90% of (simulated) water-limited yield, taking into
account the area availability of the highest yielding soil/climate combinations. The
general assumption is here that within a Region - like between Regions - crops will
be grown on those soil/climate combinations with the highest yield potential. In case
of competition, the above mentioned hierarchy is applied.

Resulting land use

In the Central Projection around one million ha would become available for other
than agricultural or urban use in the middle of the next century. In the Minus-variant
this surplus would be around 3 million ha; in the Plus-variant no substantial surplus
would be available. Changing climatic conditions according to the BaU-best scenario
adds approx. 0.2 million ha in comparison with unchanged climate, due to higher
agricultural yields.

The acreage of cereals is mainly responsible for the shrinking of the agricultural area:
in the Central Projection (and the Plus-variant) areas under these crops will be halved.
In the Minus-variant the decrease in cercal area is 62% (unchanged climate) to 66%
(changed climate}. Grasslands, another major agricultural land use category, are
expected to decrease by 8% (Central Projection), 24% (Minus-variant) or to remain
more or less constant in acreage (Plus-variant). Urban land use is expected to increase
by one third in the Central Projection in the next 50 years, two thirds in the Plus-
variant, whereas in the Minus-variant a contraction of almost 10% is foreseen.

Regions where more than 100 000 ha would be vacated in the Central Projection
under changed climate, are to be found in Germany: Neckar-Siidlicher Oberrhein
(0.15 million ha), Rheinland Pfalz (0.22 Mha), Bayern NW (0.35 Mha) and in the
French part of the Basin: France Est (0.18 Mha). Under the same conditions, more
than 50 000 ha will become available in Alpen Vorland (0.08 Mha), Hessen West
(0.07 Mha), Nordrhein (0.09 Mha) and Nederland Oost (0.05 Mha).
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1 Introduction

General purpose of the study is to gain insight in possible future land use in the
Rhine basin, both as a result of technical, economic, political and demographic
developments (called ‘socio-economic’ factors) and in view of changing climatic
conditions due to an increase in CO,-content of the atmosphere resulting among
others in an enhanced greenhouse effect (‘bio-physical factors’). Results of the study
will be used to assess the consequences of changes in climate and land use for the
discharge regime of the river Rhine.

The Report of the study comprises four volumes. The first volume presents a
biophysical classification needed for identifying geo-referenced agro-ecological zones
serving as a basis for region-wide land use projections under current and future
conditions. The second volume describes the impact analysis of the possible climate
changes on crop suitability and crop productivity, and in effect on land use patterns
and water use. The third volume deals with impact analysis for forestry.

In this volume of the Report - Volume 4 - two groups of three projections of possible
land use in the decade 2040-2049 will be presented. The first group of projections
is based on purely ‘socio-economic’ developments assuming no change in climate;
the second group represents the combined impact on land use of socio-econormic
developments and climatic change.

Before elaborating the way we arrived at these projections (Chapter 2), a few
preliminary remarks on the nature and scope of the study are necessary.

1.1 Preliminary considerations

1 As said, the aim of the study is, among others, to identify changes in land use,
induced by economic, demographic, political and technological factors, as far as
they have consequences on the future hydrological conditions of the Rhine basin.
Developments in agriculture, urbanisation, forestry, etcetera as such are not of
prime interest but instrumental to this purpose. To put it otherwise: it does not
matter how a certain land use distribution comes about, all that matters is the final
result. By consequence, no distinction has to be made between alternative
developments leading to the same land use situation, To carry this argument one
step further, even different developments leading to different land use situations
that are equivalent in terms of their hydrological effects, can be treated as
identical. This latter notion is covered by lumping together land use with a similar
hydrological characteristics, like oilseed and cereal cultivation or fodder and sugar
beet, even if they are from an economic point of view very different kinds of land
use.
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2 The results will be used, in combination with an assessment of the altered
circumstances induced by climatic change, to assess the land use situation in the
decade 2040-2050, not the years in between. Along which path the mid-21st
century situation is reached, is not essential for the cutcomes to be useful, but
might be used in the underpinning of the plausibility of a forecast. This being
so, we prefer not to speak of ‘scenarios’, which imply normally the full
specification of the time path from present to future situation, but of ‘projections’
for the year 2015 and the period 2040-2050. The intermediate year 2015 is
introduced to allow checks with other long-term surveys of future land use, the
latter generally having a time horizon of 25 years.

3 One must well realise the exceptionally long period of the outlook. To arrive at
sensible statements about a situation half-way the next century, it is necessary
to abstract from ‘I"histoire événementielle’, phenomena that are strongly
influenced by events. Most of the political decision making, cultural fashions,
social attitudes, economic actions and reactions, etc. falls in this realm. To avoid
fantastic science fiction it is required to base the projections on solid
fundamentals, such as bio-physical limits or long-term constants in politics proven
to be present over longer periods in history in one form or the other.

1.2 Relation to the biophysical factors

The influence of biophysical factors on land use proceeds along two lines: suitability
of soil/climate combinations for agricultural and forestry production, and agricultural
yields. Both suitability and yields will change under changing climatic conditions
(Volume 2, Chapter 5). For climatic change we have chosen the ‘best estimate’ of
outcomes of General Circulation Models (GCMs) based on the so-called ‘Business-as-
Usual’ (BaU) emission scenario of the Intergovernmental Panel on Climatic Change
(IPCC; Houghton et al., 1990), focusing on the decade 2040-2049.

The IPCC described the general background of its emission scenario is follows:
‘The energy supply is coal intensive and on the demand side only modest efficiency
increases are achieved. Carbon monoxide controls are modest, deforestation continues
until the tropical forests are depleted and agricultural emissions of methane and
nitrous oxide are uncontrolled. For CFCs the Montreal Protocol is implemented albeit
with only partial participation.’

The emissions of CO, and CH, increase by 10-20% by 2025. Atmospheric
concentrations continue to increase.
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Table 1.1 Expected changes in temperature and
precipitation after BaU-best estimate, applied for the
Rhine Basin, decade 2040-2049.

Summer Winter
Temperature (°C) + 1.5 + 2.0
Precipitation (%) 0.0 +10.0

Source: Volume 2 of this Report, Ch.4

‘Best estimate’ was derived from Kwadijk (1993) and represents an average of seven
different GCM-predictions for temperature and precipitation (see Volume 2 of this
Report, Chapter 2). For the Rhine Basin the scenario results boil down to the
following relevant expected changes.

1.3 The Central Projection, its variants and their building blocks

To separate the influence of climatic change from other factors on land use,
projections have been made under both unchanged and changed climatic conditions.
Moreover, under both conditions, land use has been calculated for a so-called Central
Projection and for two variants, one with a minimum urban and agricultural claim
on land and one with a maximum claim. In the next chapter one will find a further
elaboration on this topic.

To arrive at these projections four elements are being employed:

-— gbserved secular trends in the past (Chapter 4);

— other long-term surveys of the future (Chapter 5);

— basic assumptions (Chapter 6)

— scientific and technical knowledge with regard to production possibilities and
limitations (biophysical factors, discussed in Chapter 7).

As a logical starting point for any projection, the current situation with regard to land
use is taken. In Chapter 3 estimates of this present land use are presented.
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2 Methodology applied to construct the Central Projection and
its variants

2.1 General set-up of the land use projections

In view of the final purpose of the study - to supply input into a model analysis of
the future discharge regime of the river Rhine under changed climatic conditions -
it is paramount that a plausible future development of land use in the Rhine Basin
is sketched. As climate changes carry into effect over periods of at least several
decades, we stand for the task to arrive, in a scientifically acceptable manner, at
(quantified) statements of land use for a period as far ahead as half a century.
Furthermore, it would be desirable to have some insight also in the range of deviation
from this ‘plausible’ development when main determining factors would develop
differently from assumed. Confronted with this task, we have chosen the following
approach.

The first step was to construct a Central Projection of land use. This Central
Projection describes the long term tendency in land use, and is based on (i)
fundamental scientific and technical principles (often in the form of restrictions),
(ii) secular historic trends and (iii) basic assumptions. Differences in attainable
agricultural yield levels and in land suitability for agriculture may cause land use
to differ under different climatic conditions. Hence, in our case two Central
Projections are presented: one under assumption of no climatic change (referred to
as CP) and one under climatic conditions as described by the Business-as-Usual,
best estimate (BaU-best) scenario in the decade 2040-2049 (referred to as CPC).

Some secular trends will be presented in Chapter 4; they will be used, among others,
to underpin quantitative statements on future developments.

Scientific and technical restrictions will be derived from land evaluation (see the
other volumes of this Report) and agronomic knowledge with respect to plant growth
and animal production. They refer mainly to maximum attainable agricultural
production levels and suitability of land to grow certain crops.

The basic assumptions are the most controversial input in long term surveys of the
future. They are explicit statements, but they cannot - by nature - be proven to be
valid for the period in question. They can, however, be made plausible to a greater
or lesser degree. This can be done by arguing or by referring to other studies on
future developments. For this last reason, an inventory of surveys of the future with
reference to land use in the Rhine Basin, has been carried out (Chapter 5). This does
not, however, result in unique clear-cut statements. Contradiction and vagueness
remain. In case of a great deal of uncertainty with respect to assumptions that have
a large impact on land use, variants to the Central Projection have been formulated.
In the end, the alternative assumptions are lumped together in one ‘Plus-variant’
which combines the highest land claims of urbanisation and agriculture, and a ‘Minus-
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variant’ representing the lowest land claims of these two categories of land use, thus
leaving the largest arca for woodlands and nature.

In diagram, this can be represented by the following figure, where the Plus and the
Minus variant represent the cumulation of higher and lower claims of land
respectively. In this sense they are the extremes, encompassing the range of assessed
possibilities.

2.2 Different forms of land use

To construct the projections a hierarchical scheme is applied. First, the urban land
needs (and nature claims formulated in official policy plans) are specified; secondly
the agricultural land requirements are assessed and then the remaining land is
allocated to forestry and nature. Section 6.1 gives an elaboration. As to the question
‘Where?’ the same hierarchy is assumed: urbanisation has the first pick, then
agriculture, etcetera. Rules for location preferences will be explicitly formulated (for
agriculture: Section 6.3 and Annex B).

Following this scheme, the following issues will be addressed.

Urban land use

Urban land use includes all built-on land (i.e. residential areas, industrial sites,
transport infrastructure, etc.) plus recreational areas within and between the built-up
areas. The main focus however will be on housing.

The Central Projection will reflect a best guess of demographic and town planning
forecasts by the European Union and Rhine Riparian states. Variants will be
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agnicul-
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Central Project
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introduced, one with an ongoing trend towards a lower number of persons per
household and dispersed housing, and another with a more concentrated and compact
urban development. Climate is assumed to be of no influence on the development
of the built-up area.

Agricultural land use

For the Central Projection and its variants assumptions will refer to:

-— Technical progress.

— Diffusion of technical knowledge and competence over the European Union (EU).

—- Future yield levels.

~— Common market of agricultural products inside the EU.

— Possible extension of the EU.

— Protectionism for agricultural products between the major economic blocks and
towards third (= non-EU) countries.

— Environmental regulations for agricultural production.

— Future price of energy.

— The location of agricultural production; location of abandonments of land.

— Prospects for production in the Rhine Basin (demand of products).

On basis of profitability and required quality of arable land, the following
(sub)hierarchy with respect to (traditional) agricultural products is applied.

— Horticulture and permanent crops;

— Root crops;

— Cereals;

—— Grassland and fodder crops.

Forestry and nature

Following the hierarchy introduced above, the total area available for ‘new’ crops
(Section 7.10), woodlands and nature (outside the area explicitly claimed by policy
plans) is defined by the outcomes of urbanisation and agricultural land use. Within
this category a (sub)hierarchy could be: first arcas for multi-purpose forests (timber,
recreation, nature), secondly production forests, and lastly ‘accidental” woodlands
and nature due to lack of productive uses. This possible further distinction is in the
present study, however, not applied.
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3 Present land use in the Rhine Basin

In Annex A a detailed description of actual land use of the administrative regions
distinguished in the Rhine Basin is presented. These administrative regions are based
on the NUTS-1 division as used by the European Union (EU), i.e. for the Netherlands
‘landsdelen’ (Nederland-Oost, -West and -Noord), for Germany the ‘Linder’, and
Luxembourg the country as a whole. These NUTS-1 regions have been adapted for
the part that falls inside the Rhine Basin. Morcover, some further lJumping of small
areas (a strip in Belgium for instance) has been carried out (see Annex A). As for
the non-EU country Switzerland, the boundaries of the Kantons have been starting
point. On basis of these boundaries two administrative regions have been
distinguished: Alpen and Alpen Vorland. In the former region Liechtenstein and the
small Austrian part of the Rhine Basin, the Bezirke Vorarlberg, are included. The
names of the regions are written in the language of the region in question.

In total 13 administrative regions (also referred to as ‘Regions’) have been

distinguished:

1 Alpen (14 340 km?, situated in Switzerland, Liechtenstein, Austria)

2 Alpen Vorland (18 510 km®, in Switzerland plus small parts of Baden

Wiirttemberg and Bayern, Germany)

France Est (23 980 km?, France)

Luxembourg (3340 km?, Luxembourg + a small strip in Belgium)

Neckar & Siidlicher Oberrhein (25 740 km?, in Baden Wiirttemberg, Germany)

Saarland (2570 km?, Germany)

Rheinland Pfalz (19 820 km’, Germany)

Hessen West (12 640 km?, Germany)

Bayern Nord-West (20 100 km®, Germany)

10 Nordrhein (22 370 km?, Germany)

11 Nederland Oost (11 190 km?, the Netherlands plus a small area in Niedersachsen,
Germany; includes parts of het IJsselmeer)

12 Nederland West (7520 km?, the Netherlands excl. the province of Zeeland)

13 Nederland Noord (5230 km?, the Netherlands)

L= s e IR R L]

Total arca of the Rhine basin is, according to these statistics, estimated to be
approximately 187 340 km?®. This includes about 1000 km” open water at the mouth
of the Rhine (mainly IJsselmeer).

The figures are based on the latest agricultural and land use statistics provided by
the statistical bureaus of the countries in question. The years of observation vary from
1983 to 1992.

Land use and agricultural statistics, sometimes of different years, were combined,

distinguishing 5 main categories (built-up area, gross agricultural area, water,
woodlands, other non-productive land).
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Agricultural areas have been subdivided further into 5 categories and about 15 sub-
categories. Some categories have not been specified, either because specification was
not provided in the original statistics (e.g. nature in Germany) or because of their
relatively small size (e.g. fallow).

Statistics about the amount of built-up land are hard to get, even for a region like
Western Europe, which is otherwise very well provided with statistics. Truly
comparable statistics are not collected on a routine basis, partly because the EU-
policy makers have not requested for them (Linguenheld, 1987), and partly because
it is notoriously difficult to make a definition of ‘built-up land’, which couid be
applied consistently in urban and rural areas with different geographical and cultural
conditions. For the purpose of the project, land use statistics have been compiled
from figures found in various national statistical reports. The figures therefore reflect
what in the countries concerned is measured as built-up land and roads. In general
(for more details see Annex A) built-up area = urban districts (gross, i.e. incl. city
parks, recreational areas, etc) + villages + railway and road infrastructure.
Greenhouses are no part of the built-up area.

As it was hard enough to collect these data for a single year (around 1985-1990) and
because earlier data, if at all available, are usually not really comparable with those
of a later year, it is decided to use a different method to assess the trends in this
category.

The method used relates the amount of built-up land to the number of people living
in an area. Data on population have always been collected quite faithfully. For the
various years between 1950 and 1990 these could be derived from the national
statistical yearbooks. As Figure 3.1 shows, there is a fair correlation for the 13
Regions of the Rhine Basin between the total numbers of inhabitants in 1990 and
the amount of land considered as built-up and roads. As a rule of thumb one could
derive from this diagram, that for every 1000 inhabitants about 40 ha of land is used
for roads and built-up areas. The diagram shows, that in Region 7 (Rheinland-Pfalz)
relatively much land is used for the number of inhabitants and in Region 12 (West
Nederland) relatively little. Assuming that the data are correct we could consider
these regions as, respectively, the most space-consuming and the most space-
economical regions as far as urbanization and traffic is concerned.
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Fig. 3.1 Area of built-up land per 1000 inhabitants in the 13 Regions of the Rhine Basin,
1985-1990

The ratio of built-up land for every 1000 inhabitants will be used in describing and
forecasting the trends for the different regions of the Rhine Basin.

Table 3.1 gives an overview of the coverage of the main categories for the Basin
as a whole. In Figure 3.2 the different shares are presented in a slightly other manner.
In the Figures 3.3 to 3.8 pie charts of land use in Rhine Basin are presented
countrywise.

Land use / land cover (100%)
| | |
without vegetation (14%) with vegetation (86%)

built-up arca and water agriculture not agriculture
bare soil (11%) (3%) (50%) (36%)
Crops grass . difference wood- other

(22%) (19%) gross-net (9%) lands (32%)  (4%)

cereals root crops fadder crops other crops deciduous coniferous
(12%) (2%} (3%) (5%) (12%) (20%)

Table 3.1 Present land use / land cover of the Rhine Basin
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Fig. 3.4 Present land use in Germany, Rhine Basin (Regions 5-10, 10.33 mill. ha)
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Surveying the overall picture, a few points are worth noticing.

1 In the Rhine Basin live about 55 million, prosperous people; this is reflected in
the relatively large urbanized area (11%). Besides residential areas this includes
industrial sites, transport infrastructure, quarrying, recreational areas, parks,
cemeteries and the like. It does not include dispersed housing in the countryside.

2 About one third of the area is covered by woods. This is thereby the single
biggest land cover category; 39 percent of these woods are predominantly
deciduous and 61 percent predominantly coniferous.

3 Exactly half of the Rhine Basin can be characterized as agricultural. The use of
almost one fifth of this agricultural land is not further specified: it is the
difference between the total gross agricultural area as defined by the land use
statistics and the net arable and grasslands as registered by the agricultural
statistics. The latter represent the area available for actual agricultural use for
farms of a certain minimum size (in Germany 1 ha, in Luxembourg 2 ha, in the
Netherlands 1 ha + > 10 standard farm units - SBE). The difference (9% of the
total Rhine Basin area) comprises therefore land of so-called ‘hobby farmers’,
yards around the farm, wooded areas on farms, steep slopes, rocks or other areas
not fit for farming but included in an agricultural region (see Annex A for a
further specification of this category ‘gross - net’).

4 Of the remaining 41% of agricultural land, 19 percentage points are grasslands.
In the Netherlands this share is relatively large (37%), in France, Switzerland and
Luxembourg a little bit above the Rhine Basin average (21%, 22% and 27%
respectively) and in Germany well below that average (12%).

5 The arable crops (22% of the Rhine Basin) are dominated by cereals (12%).
Countrywise, France and Germany are the leaders (17 and 16% respectively),
while Switzerland and the Netherlands lag far behind with 5 and 3% cereals of
their total area within the Rhine Basin. '

6 Root crops are, in terms of acreage, a minor crop in the Basin. Only 2.5% of the
total area, or 5% of the agricuitural area. In the Netherlands are these figures
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6.1% and 9.3%. The Netherlands, with its main focus on animal production (and
horticulture), is special also in its share of silage maize: 6% against a 3% average
of green fodder crops in the Basin.

The overall picture that emerges is that of a large basin with two faces. On the one
hand the (extended) more remote, sparsely populated parts were woodlands are
predominant; on the other hand densely populated areas: the urban centres surrounded
by and intertwined with agricultural land. By consequence, most agricultural land
is and will be under permanent urban pressure, making the possibility of a drastic
fall in land prices improbable.

Among the bulk arable crops, cereals are the most important, in terms of earning
capacity, however, root crops (in the North-West), open air horticulture (everywhere)
and vineyards (in the South) score high. Animal production by grazing animals
(mainly dairy farming) is a substantial land use, both in terms of acreage as well as
economically.
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4 Secular trends in land use in the past

4.1 Agricultural land use

Land use changes are of all ages. Under influence of changes in demand caused by
demographic events and trade flows, and influenced by technological changes and
climatic change, the cultivated area of Europe has shown considerable fluctuations.
Historical records show periods of expansion of cultivated area and periods of
contraction.

Demography has been the most important determining factor in the past with regard
to (agricultural) land use. For the last thousand years in Europe alternating periods
with the length of 100-300 years can be observed in which the population growth
outstripped or fell behind food production (van der Woude, 1992). During the periods
1100-1350 and 1475-1650 population growth was a rather general phenomenon, and
prices of agriculture showed a clear tendency to rise, as did total agricultural area
(Slicher van Bath, 1963; Abel, 1980).

From 1750 and until recently, population growth became a general Western
phenomenon. At the same time, there was an unprecedented growth in agricultural
production thanks to technological innovations and expanding import opportunities.
Indeed, notwithstanding 200 years of population growth, the surpluses of agricultural
products in the Western world have never been so large as they are at present. Land
productivity increases, especially during the twentieth century with a marked
acceleration after World War II, were the main driving forces behind this production
growth. In the Figures 4.2 to 4.4 long-term land productivity trends are shown for
some selected agricultural products in the Netherlands. The expansion of agricultural
area during this century was only a minor, and in the second half of the century even
a negative, factor in the expansion of agricultural produce (figures 4.5 to 4.7).
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Fig. 4.1 Cycles in agricultural area in Eurape since the year 1000. Source: WRR,
Perspectives for rural areas in the European Community. Presentation by praf.
R.Rabbinge to the Council of Ministers, oct. 1, 1991.
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Figures 4.2 to 4.4 show that there are no signs of a slow-down of land productivity
increases, for instance because of stricter environmental regulations. This observation
holds for other countries in the Rhine Basin as well. That is not to say that yields
can increase forever: there are of course bio-physical and technical limits to it
{Section 7.2).

At this very moment of abundance in agricultural home production, Western Europe
in general and the Rhine Basin in particular seems to be on the brink of a new period
of demographic contraction (van der Woude, 1992). Immigration may mitigate or
even compensate this trend (Commissie Europese Gemeenschappen, 1992), but high
population growth as witnessed in the post-World War II years is not very probable.

Hence, both from historical point of view, and locking to post-war trends the idea
of a further contraction of the agricultural area, and even an acceleration in it, gains
credibility. This expected contraction of agricultural acreage is founded mainly on
the observation of ongoing productivity increases and stagnating demand as far as
Europe is concerned. These observations hold for the Rhine Basin as well.

But are there other signs that Western Europe’s agriculture is entering an era of

decline? The historian van der Woude in his article ‘Future of the West European

Agriculture’ (1992) tries to underpin this hypothesis by drawing parallels with other

periods of contraction in history. He refers to Slicher van Bath (1965) who listed

a number of phenomena that accompanied the alternating phases of secular

contraction and expansion:

1 Agricultural overproduction not only brings unfavourable terms of trade for
farmers, but is also accompanied by relative sharp short-term price fluctuations.
Both phenomena can be discerned in the last decades: a gradual but persistent
erosion of terms of trade (=relative price) of some major agricultural product
groups (cereals, milk, sugar) despite massive support from the EU, and strong
price fluctuations of those products without price support by the EU.

2 Sharp drops in land and farm rent prices are also characteristic for protracted
periods. At the moment we are not yet able to observe such developments in the
Rhine Basin. On the contrary, in the Netherlands the real price of agricultural
land (=price corrected for inflation) has gone up by appr. 2% per annum in the
last 25 years (Veeneklaas & Slothouwer, 1993). The main driving forces were
demand pull however, not the (agricultural) eaming capacity of the land.

3 In the past, secular agricultural depression has brought about enlargement of

farms. Nowadays the enlargement of farms is official policy as well as everyday
practice.
In the past this enlargement of some farms was accompanied by the creation of
a class of expropriated farm labourers and cottagers. Nowadays a new type of
‘cottager’ is emerging: the so-called ‘part-time’ or ‘hobby’ farmer. His holding
might be not big enough for a full income but by extensive farming and with the
assistance of family members he can make a partial living from his ancestral
farmstead with supplementary income from outside agriculture.
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Fig. 4.2 Average yield of winter wheat in the Netherlands, 1855-1992 [kg/ha] (up to 1960:
observations every 10 years; after 1960: annual data + 5-years moving average)
Source:Landbouwcijfers (agricultural data), various years; LEI (Institute of Agricultural
Economics), Den Haag and CBS (Netherlands Central Bureau of Statistics), Voorburg
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Fig. 4.3 Average yield of potatoes and sugar beet in the Netherlands, 1850-1990 [kg/ha]
Source: Landbouwcijfers (agricultural data), various years; LEI, Den Haag and CBS,
Voorburg

37



3000

2500

2000

Yield

1500 -

500 -

115510

] ! | | 1 )
1850 1875 1900 1925 1950 1975 2000
Year

Fig. 4.4 Average yield of oil seed rape in the Netherlands, 1850-199¢ {kg/ha]
Source: Landbouwcijfers (agricultural data), various years; LEI, Den Haag and CBS,
Voorburg
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Fig. 4.5 Net agricultural area in the Netherlands, 1900-1990 [1000 ha] Source:
Landbouwcijfers (agricultural data), various years; LEI, Den Haag and CBS, Voorburg
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Fig. 4.7 Agricaltural area in Switzerland, 1929-1990 [1000 ha] Source: Eidgendssische
Landwirtschafts- und Gartenbauziihlung 1980, Bundesam! fiir statistik, Bern
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4 During former periods of contraction there were attempts to enlarge the use of
agricultural raw materials for industrial purposes. The recent creation of the term
‘agrification’ signals the acknowledgement of a similar endeavour (Meijer &
Vertregt, 1991; Koukios, 1986). We will return to the prospects of non-food crops
in Chapter 7, but we can reveal already that there is no reason to expect more
than a marginal impact of it on the overall agricultural outlook of the Rhine
Basin.

5 Declines in agricultural acreage and land abandonment have, historically, always
been features of periods of agricultural decline. Nowadays we talk about set-aside
schemes (with income compensation), such as the one formulated in the
MacSharry proposals (Section 5.4.2).

6 A decline in agricultural science and technology efforts can also be observed
during secular depression periods. Signs of a shift in R&D money flows towards
other designations of the rural area (nature, recreation, housing) are already
perceptible.

Concluding, one can state that 5 out of 6 characteristic phenomena that historically
accompanied periods of agricultural contraction, can be discerned - sometimes in
disguised form - also in Western Europe today. The one exception being the price
of land which does not appear to show, as yet, a tendency to fall in most parts of
the Rhine Basin. The permanent urban pressure in large parts of the Rhine Basin may
be the cause of this deviant position.

4.2 Urban land use

Urban land use, like agriculture, is also predominantly steered by demography. There
are, however, variations both in time and space with regard to the built-up area per
person. (’Built-up area’ comprises more than only urban districts: also villages and
road and railway infrastructure are included. Greenhouses, however are not included.
See also Chapter 3 and Annex A.) Variations in time are caused by the general
increase in wealth, the degree of industrialization and the rise of the service industry
as well as the migration within each region from rural areas to towns and suburbs.
This means, that we can safely assume, that a few decades ago the same population
would, on the average, bring about less built-up land than at the moment.

The trends for The Netherlands in this respect demonstrate this clearly. In 1961 a
total population of 12 millions used about 181 000 ha of ‘built-up land’ and in 1985
14 million people used 289 000. Per thousand inhabitants this was 15 ha in 1961
and 21 ha in 1985 (CBS, 1989). However, this definition is more limited than the
one used in the present study: it excluded land used for roads and other infrastructure.
For the three Netherlands (administrative) Regions in the Rhine Basin distingnished
in this study, it was possible to get some indication of the amount of urban land,
including infrastructure from the Agricultural Statistical Yearbooks. These Yearbooks
include a table on increase of non-agricultural land, whereby the categories ‘Housing’,
‘Industry and Trade’ and ‘Roads’ are distinguished. The data are available per
province and cover 5-year intervals.
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