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Abstract

This paper examines recent land use changes in the Mediterranean mountain setting of the Diois
region of the Southern French Prealps, which has undergone considerable change related to
evolution of the agro—sylvo—pastoral system and the decline of agriculture since the beginning of
the 19th century. The aim was to describe the evolution of land use and the influence of
environmental factors on it. Land use maps were created for 1828, 1956 and 1991 to quantify
landscape modifications. Changes in anthropogenic pressure on land were assessed from changes in
population and livestock. Relationships between several environmental factors (e.g. bedrock classes,
surface deposits, elevation, slope, aspect, dip, dip orientation and relation between dip and slope) and
land use changes were appraised. Social, economic and technical changes have influenced the
agricultural system. Between-class Multiple Correspondence Analysis (MCA) showed that decision-
making during two periods, 1828-1956 and 1956-—1991, was influenced by environmental
variables, notably slope, but also elevation, bedrock type and surface deposits. Impacts on hillslopes,
fluvial processes and the landscape in general resulting from land use change have created specific
problems for land management and development.
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1. Introduction

For several centuries, many mountainous regions of Western Europe such as the Massif
Central, the Alps, the Pyrenees and the Apennines have been subject to considerable
anthropogenic pressure (Beeching and Brochier, 1989; Vallauri et al., 1997; d’Angelo et
al., 2000). The traditional agro—sylvo—pastoral systems of these areas intensified during
the 19th century because of increased population density and the agricultural and industrial
revolutions. Following a period of overpopulation, these mountain areas have since
undergone agricultural decline and major changes in agricultural practices and land use
(Blanchard, 1945; Meyzenq, 1984; Arnaez-Vadillo et al., 1990; Molinillo et al., 1997). The
extension of shrub and forest communities into previously agricultural and pastoral areas is
the main modification observed (Barbéro and Quézel, 1990; Chédin, 1990; Brossard et al.,
1993; Guidi and Piussi, 1993; Bommel and Lardon, 2000). This pattern has two significant
environmental and societal consequences:

1. Human perception and landscape management. Older landscapes are often of particular
interest because of their heritage and attractiveness (Brossard and Wieber, 1984;
Fischesser, 1991; Brossard et al., 1993, 1996; Josselin et al., 1995). Landscape has thus
become a consumer product by taking on heritage value. The closing (i.e. reduction in
panoramas) and simplification of landscapes can therefore be perceived in contrasting
ways by users and decision-makers, possibly leading to conflicts between local and
external interests.

2. Hillslope dynamics and channel changes (Bravard and Peiry, 1993; Billi and Rinaldi,
1997; Garcia-Ruiz et al., 1997; Liébault and Taillefumier, 2000). The spontaneous
afforestation of mountain areas has been interpreted as a process that increases hillslope
stability, thereby explaining a reduction in sediment supply to river systems. This can
lead to riverbed narrowing, degradation and sometimes paving downstream (Li¢bault
and Piégay, 2001), in turn undermining infrastructures and lowering water tables. To
counter this trend, the possibility of restoring sediment supply from hillslopes has been
suggested for the Drome and the Eygues basins (Landon et al., 1998; Bravard et al.,
1999; Liébault et al., 2001).

Land use change has been approached at various scales. Relying primarily on data of
communes (i.e. municipalities), several small-scale studies (from 100 to several thousand
km?) have identified land use change within catchments and regions. At this scale, focus
is often on the links between land use change and synchronous changes of other
environmental factors such as river geometry and sediment transport (Piégay, 1995;
Landon, 1999; Liébault and Taillefumier, 2000). In these cases, environmental change is
interpreted as resulting from several causes, land use change being only one of them.
However, it can be difficult to isolate the causes of change and order of them according to
their respective importance. In other approaches, measurements made on experimental
plots of only a few square metres relate specific degradation to land use types,
establishing physically based links between land use change and environmental change.
However, it is usually difficult to extrapolate local observations to wider areas and longer
time scales (Bernard-Allée and Cosandey, 1991; Lasanta et al., 2000), although recent
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results from the MEDALUS project have made major advances in this direction (Kirkby
et al., 1998).

Studies conducted at an intermediate scale through the use of land survey maps or
aerial photographs are more rare. Examples of such studies in the Central Alps (Tappeiner
et al., 1998), Sardinia (d’Angelo et al., 2000) and the Spanish Pyrenees (Arnaez-Vadillo et
al.,, 1990) argue that, at this scale, environmental factors control both the spatial
organization of and changes in land use. This kind of research complements results
found at both larger and smaller scales because it highlights the environmental controls
that affect land use, rather than the environmental consequences of varying land use. This
approach may clarify why land use change observed in a given catchment may have
variable environmental consequences downstream, depending upon the environment in
which it occurs.

In the last few decades, regardless of the spatial scale, studies of land use change have
emphasized the role of human factors while downplaying environmental controls
(Josselin, 1995; Josselin et al., 1995), but more research is needed to determine the
relative importance of human and natural controls on land use change. With this in mind,
the aim of this study is twofold: (i) to identify contemporary change in land use for three
specific dates using the Napoleonic land survey, aerial photographs and statistics on
population density and livestock; (ii) to explain the geographical complexity of these
changes by relating them to environmental variables that reflect possible factors control-
ling land use (Callot, 1978; Arnaez-Vadillo et al., 1990; Darracq, 1992; Del Barrio et al.,
1997). We used GIS to process information layers and extract data for statistical analysis,
so as to test hypotheses and establish links between changes in land use and the
environmental factors that may control them.

2. Study area

The study was conducted in the surroundings of Bourdeaux, in the Upper Roubion
catchment (Fig. 1a). This region is situated at the border of the Diois mountains, in the
Drome department, in the Southern French Prealps. Following preliminary small-scale
studies of the Diois and Baronnies regions (Liébault and Taillefumier, 2000), two rural
municipalities found to be representative of the evolution observed within these two
regions were selected as study sites. The communes of Bézaudun and les Tonils cover
about 31 km? within this large area (Fig. 1b).

The climate is sub-Mediterranean, with a mean annual temperature of 11 °C and mean
annual precipitation of about 900 mm (meteorological station of Bourdeaux). Elevation
ranges from 450 to 1550 m and steep slopes are common. The lithology is quite
heterogeneous but is dominated by marl and limestone facies. Different types of surface
deposits partially cover the bedrock. Thus, the climate, lithology and topography of the
area form an environment relatively sensitive to anthropogenic pressures.

The two communes correspond to two subbasins of the Roubion River, drained by the
Bine and Soubrion Creeks. Li¢bault and Pié¢gay (2001) observed marked decreases in
active channel width for both stream channels between 1956 and 1991, but fluvial changes
were greater on Bine Creek than those observed on the Soubrion, leading to the hypothesis
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Fig. 1. (a) Location of the study area within France and the Roubion catchment, (b) topographical details of
Bézaudun and les Tonils communes (source: Institut Géographique National SCAN 100® 1998).
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that changes in vegetation cover may have contrasting impacts on sediment supply to the
channels.

3. Materials and methods
3.1. Assessment of changes in anthropogenic pressure on land

3.1.1. Archives of human and livestock densities

Statistics on population and livestock densities can be used to examine anthropogenic
pressure on the environment. We examined archives at the level of both communes and the
Drome department. Population censuses have been conducted regularly since the end of
the 18th century at intervals of 5—10 years. We also examined the composition and
population of livestock from 11 surveys and statistics produced between 1789 and 1988.
Surveys and economic statistics, as well as reports, notes and correspondences, were also
used to understand how rural society functioned in the two communes, as well as those of
the neighboring communes. In particular, the 1860 survey, composed of 100 questions,
provided a complete assessment of the economy and rural life in the mid-19th century.

3.1.2. Changes in land cover

Contemporary change in land use was studied from three maps made in 1828, 1956 and
1991. The Napoleonic land survey allows us to reconstruct land use mosaics at the
beginning of the 19th century. This document is composed of two parts: (i) a large-scale
map (1:2500—-1:5000) showing fields; (ii) a data sheet for each field, with information
about land use, surface area, income and landowners. These documents were prepared
when the population of the region was densest. We had to interpret the meanings of land
use terms used in this survey in order to compare them with terms in the more recent ones.
For 1956 and 1991, we used aerial photographs for land use mapping. These were
rectified, geo-referenced and mosaicked (Geolmage® software) before being used to
identify land use types. On all of the maps, five main land use types were defined for
comparison: ploughed land, pasture and meadow, shrub cover, forest and other (orchards,
vineyards, housing and bare soil). Land cover maps were digitized and transferred into a
GIS with ArcInfo® software. Land cover changes for the periods 1828—1956 and 1956—
1991 were calculated by overlaying the three maps.

3.2. Environmental variables

3.2.1. Data collection

We selected eight environmental variables (bedrock lithology, type of subsurface
deposit, dip of bedrock, orientation of bedrock dip, elevation, slope, slope aspect and
relationship between dip and slope) considered as possible influences upon the spatial
distribution of land use types in rural communities (Table 1). Bedrock lithology was
derived from available 1:50,000 and 1:20,000 geological maps (Van Romphey, 1959;
Cuche, 1960; Flandrin, 1970) and complementary field surveys. A limited number of
synthetic classes were defined based on the kind and proportions of the main mineralogical



Table 1

Definitions of the eight environmental variables used in the between-class MCA for the periods 18281956 and 1956—1991; the numbers (from 1 to 64) correspond to

those used in Figs. 5a and 6a; the percentages are for the distribution of pixels (entire population) according to the classes of the environmental variables

No.  Bedrock classes Percent No.  Surface deposits classes Percent No. Dipclasses Percent No. Dip orientation  Percent
(%) (%) ) (%) classes (%)
1 Massive limestones 20.6 8 Bare rock outcrops 62.9 13 0-9 1.2 21 N 7.4
2 Massive siliceous 3.7 9 Weathering mantle derived 7.0 14 10-19 16 22 NE 1.1
limestones + bedded from calcareous sandstones +
siliceous limestones colluvium derived from
calcareous sandstones +
weathering mantle and
colluvium derived from
marls (Albin and Gargasin)+
weathering mantle and
colluvium derived from marls
(Valanginin)
3 Calcareous sandstones 32 10 Talluvium on marly limestones 1.8 15 20-29 30.9 23 E 2.5
4 Bedded limestones 15.6 11 Talluvium + stratified slope 12.9 16 30-39 17.3 24 SE 2.3
deposits or glacis
5 Interbedded limestone 31.5 12 Screes or stratified talluvium or 13.7 17 40-49 16.1 25 S 5.0
and marl debris cones + screes or stratified
talluvium
6 Marl interbedded 15.3 12a  Glacis (Turonian slopes) 1.7 18 50-59 6.0 26 SW 43.6
with limestone
7 Marls 10.2 19 60—-69 2.7 27 w 35.8
20 70-90 9.8 28 NW 2.4

LT
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No. Elevation Percent No. Slope classes Percent No. Aspect Percent No. Relationship between Percent
classes (m) (%) ) (%) classes (%) dip and slope classes (%)

29 400—-499 2.4 40 0-5 0.1 49 N 4.8 57 Dip exactly matching 8.6
slope gradient

30 500—-599 11.9 41 6-8 0.4 50 NE 49 58 Dip a little less than 2.4
slope gradient

31 600—-699 17.7 42 9-12 0.4 51 E 7.5 59 Dip a little exceeding 22.5
slope gradient

32 700-799 17.9 43 13-16 22 52 SE 5.6 60 Other dips conform to 27.4
slope gradient

33 800—899 14.9 44 17-20 5.8 53 S 17.8 61 Dip opposite and 2.8
approximately
perpendicular to
slope gradient

34 900-999 9.7 45 21-25 23 54 SW 29.3 62 Dip opposite 10.6
(acute or obtuse angle)
to slope gradient

35 1000-1099 7.0 46 26-30 5.1 55 \% 22.7 63 Other opposite dips 139

36 1100—1199 5.1 47 31-37 22 56 NwW 7.4 64 Other types 11.8

37 1200-1299 5.0 48 38-90 0.4

38 1300-1399 5.0

39 1400-1499 34
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and chemical elements as well as the sedimentary architecture (e.g. interbedded limestone
and marl). The surface deposits (sedimentary materials between the bedrock and the soil)
were mapped when their thickness exceeded 25 cm, following the field survey method
detailed in Liébault et al. (1998). Samples (200) allowed us to analyse six main properties
for classification. These included the matrix (texture and total content of CaCO;) and the
coarse elements embedded in the matrix (rock type, morphology, size and percentage of
rock debris). Initially, 12 classes were mapped, but these were ultimately grouped into six
classes (Table 1). Using Erdas Imagine® software, elevation, slope and aspect were
extracted from a 50 m digital elevation model (DEM) from the Institut Géographique
National (BD ALTI®) and then transformed into discrete classes. The DEM was made
from contours of 1:50,000 topographic maps. Horizontal precision is 5—10 m; vertical
precision is about 10 m but changes with relief (lower accuracy on mountain tops and
steep slopes and better accuracy in more level areas). Elevation was classified by 100-m
categories, and slopes were divided into 11 classes according to thresholds in their
distribution. Eight conventional classes were employed for aspect. We drew maps of dip
and dip orientation using existing geological documents and complementary field surveys.
For these two variables, the resulting values were divided into eight classes. An overlay of
slope, aspect, dip and dip orientation covers was made to create a new variable expressing
the relationship between dip and slope.

3.2.2. Environmental characteristics of the studied area

The natural conditions of the communes of Bézaudun and les Tonils are very diverse
(Table 1 and Fig. 2). The bedrock lithology is quite heterogeneous, although the region is
composed only of Late Jurassic and Cretaceous sedimentary rocks. Resistant facies and
soft facies account for 43.1% and 25.5% of the total area, respectively. The various surface
deposits cover almost 40% of the area. Elevation variations (Fig. 2a) induce climatic and
pluviometric gradients. Slopes are relatively steep (Fig. 2b) but some limestone escarp-
ments were smoothed by the DEM extraction procedure. Most slopes face west, south—
west or south; the other aspect classes cover only small portions of the area. Dip is more
diverse; all of the possible classes are present, and although the classes between 10° and
49° are prevalent (80% of the total), the 70-90° class is also fairly common. Dip
orientation is more homogeneously distributed. The variable expressing the relationship

(m) 60°
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40°
30°
20°
10°+
0°

1200
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400

lower median upber lower median upf)er
quartile quartile quartile quartile

Fig. 2. Distribution of pixels (entire population) of the continuous variables: (a) elevation and (b) slope.
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between dip and slope was organized in eight classes. Dips in conformity with slope
gradient (Table 1: modalities 57, 58, 59 and 60) represent a little more than 60% of the
total, opposite dips (Table 1: modalities 61, 62 and 63) represent 27% and the other classes
represent 12%.

3.3. Statistical analysis

After the land use data and environmental variables had been transferred into a GIS, the
vector thematic layers were converted into raster layers to construct the final database
made of more than 12,000 pixels, each representing a surface area of 2500 m>. To study
which environmental factors controlled land use change during each period (1828—-1956
and 1956—1991), we extracted a sample of 20% of the pixels from the database. The
sample was stratified to maintain the relative frequency of each land use change, making it
necessary to extract two different samples (one for each period) because the two
distributions of land use change were different. Multivariate statistical analysis was then
used to link land use types (ploughed land, pastures, shrub cover, forest cover and ‘other
land uses’) and land use change over the two periods (1828—-1956 and 1956—1991) to
environmental variables such as elevation and slope (Table 1). The land use change
corresponds to a new categorical variable for which the modalities are combinations of
two land use types, those of the first date and those of the second date. For example, the
change in land use observed during the 1828—-1956 period can have various characters
such as the modality ‘1828 Forest— 1956 Pasture’, but also the modality ‘1828
Forest — 1956 Forest’.

Spatial autocorrelation was measured to determine the lag distance above which the
values were statistically independent. Various functions were used including Moran’s |
(1950) and Geary’s ¢ (1954) for the continuous variables; and function J for the categorical
variables (Aubry and Piégay, 2001). The lag varies from 750 to 800 m for the 1826 land
use types to 2.5—-2.6 km for elevation. Because spatial autocorrelation is strong, sampling
above these lags was not feasible in order to apply standard statistical tests; only 15-50
pixels could be extracted following this sampling design. Consequently, we used a sample
for which the pixel values displayed autocorrelation. Therefore, parametric statistical tests
were not used because of the bias of the p-value (e.g. too high degrees of freedom and
underestimation of the variance).

In order to estimate how land use change was influenced by environmental variables,
we performed a between-class Multiple Correspondence Analysis (MCA), also called
barycentric discriminant analysis (Lebart et al., 1995). MCA is a type of correspondence
analysis used for categorical data, i.e. each variable is coded for presence or absence. The
preliminary table had 65 variables (64 for the 1956—1991 period), each corresponding to a
modality coded 0—1 for each of the eight environmental variables, and 2500 pixels (the
20% sample). Each change in land use (e.g. pasture to forest) for each period was treated
as a discrete class. Fourteen classes (types of land use change) were identified for the
1828—-1956 period and 11 for the 1956—1991 period.

The aim of the between-class MCA was to identify linear combinations of environ-
mental variables that enable us to differentiate classes of land use change, maximizing the
inertia between the classes. The inertia is defined as the variance of coordinates of
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individuals (here the pixels) on a given factorial axis. The first combination (first factorial
axis) has the largest between-class inertia, whereas the second combination, which is not
correlated to the first, has the second largest between-class inertia. In order to validate
statistically the dispersion of the centres of gravity for each of the different classes, a
randomized test was computed (Manly, 1991). For each random distribution of individuals
within the classes (7 =000), the total between-class inertia was calculated in relation to
total inertia. All the calculations were completed using ADE® software (Chessel and
Dolédec, 1996).

4. Results
4.1. Evolution of anthropogenic pressure on land

Demographic changes in population and livestock were interpreted as indirect indicators
of land use change. Two types of behavior were observed within the communes of the pays
de Bourdeaux (Fig. 3a). Bézaudun and les Tonils (Fig. 1a), like Crupies, a neighboring
commune, underwent rapid depopulation soon after 1789. Densities in Bézaudun and les
Tonils decreased by factors of 8 and 12, respectively, in the 200 years from 1789 to 1988. In
contrast, the populations of other communes (Bourdeaux and Mornans) remained fairly
stable until the end of the 19th century and then gradually declined. Bourdeaux is a small
town that has been less affected by surrounding rural changes. However, the evolution of
Mornans is unusual as it is a rural commune similar to Bézaudun.

Ovine (sheep) and caprine (goat) breeding is traditionally characteristic of dry mountain
areas, where historic fluctuations in the livestock are often linked to economic and political
events. Two periods seem to have been particularly favorable to ovine breeding (Fig. 3b).
In 1811, a government policy encouraged ovine breeding to supply wool to rapidly
growing industries, and this explains the increase between 1809 and 1829. During the first
half of the 20th century, a second phase of renewed ovine breeding resulted from increased
demand for lamb meat. Cattle raising was never of great importance in the Upper Roubion
basin (Fig. 3c). The populations during the 19th century are mostly of draught animals.
The growth in bovine density at the beginning of the 20th century corresponds to a
progressive increase in dairy cattle.

4.2. Contemporary evolution of land use

The comparison of the three maps demonstrates that land use underwent major changes
since 1828 (Fig. 4a and b). For the first period (1828 —1956), the most significant changes

Fig. 3. Demographic evolution of population and livestock in the communes of the pays de Bourdeaux, notably
les Tonils and Bézaudun (see Fig. 1 for location): (a) variations in population density per commune between 1790
and 1990; the curves express relative variations and are ordered according to tendency: for example, very strong
decrease for les Tonils but later and less significant reduction for Bourdeaux; the left and right numbers give the
densities of population for the beginning and the end of the period considered, (b) variation of ovine and caprine
livestock densities in each commune between 1789 and 1988 and (c) variation of bovine livestock density in each
commune between 1789 and 1988.
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Fig. 4. Land use changes between 1828 and 1991 in the communes of Bézaudun and les Tonils: (a) land use maps
of 1828, 1956 and 1991, (b) temporal evolution of surface areas occupied by land use types within the two
communes and (c) distribution of the land use types in 1828, 1956 and 1991 in each commune.
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were (i) the substantial increase in grazing, from 14% to 34.6%; and (ii) the large decrease
in ploughed lands, from 36.4% to 12.1%. The areas occupied by the two other land uses
remained relatively stable. However, this stability in terms of surface area does not rule out
possible spatial redistribution of these land use types throughout the communes. The
second period (1956—1991) was characterized by marked extension of forest (from 31.9%
to 51.2%) and an increase in shrub areas (from 17.1% to 24%). The decrease in ploughed
land observed during the first period continued after 1956. By 1991, it represented only
6.3% of the total area. Pasture areas decreased during the second period as much as they
increased during the first.

The two communes did not follow exactly the same evolution (Fig. 4c). Between 1828
and 1991, les Tonils experienced a more marked decline in ploughed land, which
disappeared almost completely by 1991. The evolution of grazing is more similar between
the two areas, even though the commune of les Tonils maintained slightly more pasture
lands. The most interesting contrast between the two communes concerns the evolution of
forest area. The increase in forest area began earlier and was greater in les Tonils than in
Bézaudun, essentially because of late 19th century voluntary afforestation by the
Mountain Land Restoration (RTM) program to protect the slopes against erosion (130
ha in 1895).

Significant changes in parcel patterns were also observed on maps (Fig. 4a). Nineteenth
century parcels were very small, mingling together various land uses to create an intricate
mosaic. In contrast, the 1991 map shows that some land uses had disappeared (e.g.
vineyards), whereas the main ones (forest units, shrub units, pastures) form large
homogeneous areas.

4.3. Environmental variables and land use

4.3.1. Discrimination of the environmental variables on land use changes

Regardless of the time period, the between-class inertia is much less important than the
inertia within each class. It is equal to 4.26% and 4.36%, respectively, of the total inertia
for the 1828-1956 and 1956—1991 periods. This suggests that the environmental
conditions existing within each type of land use change are strongly variable, with only
a limited number of modalities contributing to the discrimination between these groups
and others independent of them. However, the permutation tests for each period
demonstrate that the variability between classes is statistically significant, as no random
between-class inertia value in over 1000 random permutations was greater than the
observed between-class inertia value (1828 —1956, observed value=0.31, simulated values
vary between 0.035 and <0.31; 1956—1991, observed value=0.298, simulated values
vary between 0.030 and <0.29). In other words, certain environmental variables are
strongly related to the different types of land use change. The first two factorial axes of
each between-class MCA give a good summary of the entire between-class inertia, as they
comprise 46% and 21% of the between-class inertia for the 1828—1956 period, and 53%
and 19% for the 1956—1991 period. The following analysis is focused solely on these
maps.

For the two periods, the environmental variables, particularly slope, elevation, bedrock
lithology and surface deposits, discriminate land use change. These four variables show a
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widespread distribution on the first factorial map of the between-class MCA (Figs. 5a and
6a). The modalities of slope and elevation form clear gradients. Moreover, the resistant
rocks (massive siliceous limestones, bedded siliceous limestones, bedded limestones,
limestones and calcareous sandstones) and the soft rocks (both types of marls) are on
opposite sides of the factorial map, whereas interbedded limestone and marl have
intermediate positions. Siliceous limestones and bedded limestones at elevations between
1000 and 1200 m and with slopes greater than 31° are located in the same part of the
factorial map. This first group of modalities contrasts with the second group composed of
marls, gentle slopes and low elevations. Regardless of the period considered, surface
deposits also contribute to the first axis in relation to bedrock classes. Modalities 9 and 10
(Table 1) co-occur with marls (modality 7).
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Fig. 5. First factorial map of the between-class MCA performed on the 18281956 data: (a) projection of the
modalities of each environmental variable (see Table 1 for code meanings), (b) projection of the sampled pixels
grouped according to types of land use change; the first number corresponding to the land use type in 1828, the
second to 1956: 1=ploughed lands, 2 =pastures, 3 =shrub lands, 4 = forest and 5= other land uses, (c) land use
types of 1828 and (d) land use types of 1956.
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For the first period, other modalities also contribute to the second factorial axis such as
a dip of 0—9° (modality 13) with dip of 50—-69° (modalities 18 and 19), but also north—
east and east aspects (modalities 50 and 51). They often co-occur where the elevation is
over 1300 m (modalities 38 and 39). The other variables, notably relation between slope
and dip, are much less discriminating. The scatters of land use changes (Figs. 5b and 6b)
show that the influence of environmental variables is more important for the first period
(1828-1956) than for the second (1956—1991). Moreover, Fig. 5c and d shows that the
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Fig. 6. First factorial map of the between-class MCA performed on the 1956—-1991 data: (a) projection of the
modalities of each environmental variable (see Table 1 for code meanings), (b) projection of the sampled pixels
grouped according to types of land use change; the first number corresponding to the land use type in 1956, the
second to 1991: 1 =ploughed lands, 2 =pastures, 3 =shrub lands and 4 = forest, (c) land use types of 1956 and (d)
land use types of 1991.
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scatters of ploughed lands and shrub units changed considerably in shape between 1828
and 1956, whereas the shrub scatter displayed a marked change and the forest scatter only
a slight change in the second time period (Fig. 6¢ and d). If we take the example of
ploughed land change between 1828 and 1956, the scatters (couples 1-1, 1-2, 1-3 and
1-4) are located at different places on the factorial map, showing a clear influence of
environmental factors (Fig. 5b). Ploughed areas are replaced by pastures, shrub units and
forests, and these three types of changes (couples 1-2, 1-3 and 1-4) occurred in areas
occupied by pastures (couple 2—2), shrub units (couple 3—3) and forest (couple 4—4),
respectively. This demonstrates that abandonment of ploughed land was clearly linked to
environmental factors. During the 1956—1991 period (Fig. 6b), changes in the plots of
land use types are not as extensive as in the first period; the barycentres of the scatters
(couples 1—1, 1-2 and 1-3) shift only slightly. This means that environmental variables
did not greatly control ploughed land changes during the second period.

4.3.2. Period 1828—1956

In 1828 (Fig. 5), ploughed lands were widespread despite diverse environmental
conditions, although they were absent from siliceous limestones and infrequent on bedded
limestones. They were also uncommon at elevations of 1000—1200 and 1450—1500 m,
which correspond to the sectors with very steep slopes. There were no ploughed lands on
slopes >37°. However, ploughed lands were maintained on the summits (up to 1450 m)
where slopes are not too steep. These observations suggest that slope was the key factor
limiting the extent of ploughed lands, whereas elevation and bedrock lithology were not
clearly limiting factors. In 1956 (Fig. 5d), the ploughed lands were distributed more
uniformly in relation to particular environmental variables, including marl strata, all types
of surface deposits except modalities 10 and 11, low elevations (400—700 m) and slopes
<16°.

In both 1828 and 1956, pastures were located in various environmental settings, but
generally not where environmental conditions were best for ploughed lands (i.e. where
elevation and slope are low), nor on the steepest forested slopes. In 1828, pastures and
ploughed lands were in competition between elevations of 1300 and 1500 m on slopes
<25° (mountain of Couspeau, Fig. 1b). Between 1828 and 1956, pastures increased from
14% to 34.5% of the total area, because many ploughed lands were abandoned and
converted to pasture (Fig. 5b, couple 1-2). The pasture scatter grew but conserved its
initial positions and shapes (Fig. Sc and d). This means that most of the ploughed lands
that changed to pasture were located in environmental settings similar to those of pastures,
namely under relatively poor conditions for ploughing, and that farmers tended to abandon
the least suitable land first. For both years, the central group is delimited by certain
environmental characters that include elevations of 600—1000 and 1300—1400 m; slopes
of 13-30°; interbedded limestone and marl; and absence of surface deposits (modalities 8
to 12). However, the scatter spreads more widely in 1956 on the right side of the graph,
corresponding to areas of gentle slope, low elevation and with marl interbedded with
limestone. Fig. 5b shows this displacement of the scatter of land use changes [1828
ploughed lands—1956 pastures (couple 1-2), but also 1828 shrub units—1956 pastures
(couple 3-2) and 1828 forest units—1956 pastures (couple 4—2)]. The pasture areas
extended very little into forest areas, but did extend into areas that were previously
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ploughed or shrub. This occurred mainly at elevations between 600 and 900—1000 m, but
also at elevations of 1300—1400 m where slope ranged between 13° and 30°.

In 1828, the shrub units were broadly distributed through elevations of 600—1000 and
1200—1400 m, which corresponds to a range of average slopes (13—30°). The form of
shrub scatter is superimposed on the pasture scatter. Both types of landscapes are used for
grazing, but pastures form open herbaceous cover that is sometimes very degraded by
gully erosion whereas shrub lands are composed of herbaceous and brush cover with
Buxus sempervirens, Genista cinerea, Spartium junceum and Pinus sylvestris. As with the
pasture, shrub units occupied marginal areas where farmers did not plough. For 1956, the
shrub units formed a main scatter with two secondary prolongations on the upper right and
left sides of the graph (Fig. 5d). The main part of the scatter is characterized by elevations
of 600—1000 m, with slopes of 13—30°, calcareous sandstones and massive limestones or
interbedded limestone and marl. The left prolongation corresponds to greater elevations
(1000—1300 m), steeper slopes (>31°), siliceous limestone or bedded limestone and north
and south dip orientations. The right prolongation overlaps environments that were
traditionally ploughable lands (low elevation, gentle slopes and marls). Although the
total area of shrub cover did not change between 1828 and 1956 (Fig. 4b), its spatial
distribution did change (Fig. 5b). It increased on previously ploughed lands (4.8%) and
forest (4.6%), as in the two prolongations discussed above, but it also diminished in favour
of pastures (8.4%) and forest (5.0%) in other areas.

Forest location is clearly discriminated by environmental variables, but the scatter is
complex, displaying two opposing branches. It did not change greatly between 1828 and
1956. The environmental characteristics associated with the main branch of the forest
scatter are steepest slopes, elevations of 700—1300 m; resistant bedrock lithology; the
absence of surface deposits except for two classes (modalities 10 and 11); dips of 20—49°
west; and north—west, north and south dip orientations (Fig. 5c and d). The secondary
branch shows that forests were also located on gentle slopes (13—16°) and at lower
elevations (600—700 m). This secondary group was somewhat wider in 1956 than in 1828
and its extension introduced a tendency that accelerated between 1956 and 1991.

4.3.3. Period 1956—1991

The scatter of ploughed land environments contracted between 1956 and 1991 (from
12.1% to 6.3%), indicating that ploughed lands become even more restricted to specific
environments (Fig. 6). In comparison to 1956, ploughed lands in 1991 no longer
occurred at elevations of 600—700 m or on slopes of 13—20°. They occur in marly
areas rather than interbedded limestone and marl. In 1991, ploughed areas are located at
very low elevations, on the gentlest marl slopes and in the most productive agricultural
areas. Almost no overlap exists between this scatter and those of the other land use
types.

Pastures strongly decreased between 1956 and 1991 (from 34.6% to 13.9%) but
occupied an environmental setting very similar to that of 1956. At most, there was isolated
disappearance of pastures in sectors characterized by siliceous limestone, with slopes of
26—-30° and elevations of 1200—1300 m. Within the two communes, pastures were
replaced by shrub lands in 12.4% of the study area, and by forest in 10.2% (Fig. 6b,
couples 2—3 and 2-4).
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The scatter of shrub units clearly widens on the right and lower sides of the graph (Fig.
6¢ and d). In contrast to 1956, the shrub units in 1991 occupy areas characterized by marl
interbedded with limestone, two classes of surface deposits (modalities 8 and 9), elevations
of 550—650 and 1250—1350 m and gentle slopes (0—12°). Shrub lands extended primarily
into what were previously pasture areas, as well as into some previously ploughed areas
(Fig. 6b, couples 2—3 and 1-3). These extensions indicate a pioneer response of natural
vegetation to rural abandonment. In consequence, the shrub scatter can be superimposed
on the forest scatter, so that the two types no longer appear to be differentiated by
environmental controls but rather by intrinsic features and vegetation age. Although the
shrub unit environments were similar to those of pastures in 1828, they showed greater
resemblance to those of the forests in 1956 and 1991.

Forested lands show the most significant change, colonizing the largest portion of the
territory (from 31.9% to 51.2%). Although the main forests were inherited from the first
period, the scatter greatly extended into the right side of the graph, shifting the barycentre
of the scatter. Forests spread into areas with elevations of 550—700 and 1300—1350 m,
slopes of 13—16° and on marl interbedded with limestone and interbedded limestones,
mainly at the expense of shrub units (10.2%) and pastures (10.2%) (Fig. 6b, couples 3—4
and 2—4).

5. Discussion
5.1. Causes of land use changes

In the first half of the 19th century, demographic pressure and economic needs caused
farmers to maximize cultivation. Ploughed lands were widespread, despite unfavorable
environments. They occupied 36.4% of the studied areas and extended up steep slopes.
Thus, nearly 30% of ploughed lands was located on slopes >22° with 3.5% on slopes of
31-37°, even though no terracing was practiced. These areas presented many drawbacks
including low fertility, ploughing difficulty, risk of erosion and poor accessibility. On the
summits (1200—1450 m), where slopes were not too steep, the ploughed lands extended at
the expense of mountain pastures. Rather than maintaining quality pasture and despite the
short cultivation period and distance from the farmhouse, farmers had no choice other than
to cultivate as much land as they could. Plant species in these areas had to be hearty and
require little upkeep. Efforts were concentrated on satisfying basic family needs under
conditions of food autonomy (the farmers were self-governed and produced most of what
they needed). At the same time, political decisions encouraged the development and
improvement of ovine breeding, inducing a strong increase in livestock population.
Because farmers were not able to reduce the area of ploughed land, pasture pressure
was also exerted on the shrub and forest units. Forest materials were used for timber and
combustion, as winter fodder (trees leaves) and as fertilizer on the most productive
ploughed lands (use of shrubs like B. sempervirens as well as leaf litter and humus).
Forests were located where no ploughed lands or pastures could be established. Generally,
shrub units corresponded to environments where slope processes (overland flow and mass
movements) prevented tree growth. Pastures also extended to these inadequate environ-
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ments, where overland flow was very intense (e.g. the badlands of Bézaudun). In both
cases, soils became so degraded that land taxes were decreased to a very low rate.
Nevertheless, the distinction between shrub units and pastures was not really based on
environmental criteria, explaining why shrub and pasture scatters were so strongly
superimposed for the 1828 land use. In the early 19th century, the difference between
pastures and shrub units was explained by the period or the intensity of land use. In
principle, both of these types would have corresponded primarily to previously ploughed
lands, but the areas that were abandoned longer ago or were not subject to pastoral
pressure converted to shrub areas.

Between 1828 and 1956, cultivated areas decreased markedly (from 36.4% to 12.1%)
and became limited to the most favourable soils. Pastures increased from 14% to 34.5%;
14.1% of the territory evolved from ploughed lands to pastures and 8.4% from shrub units
to pastures. These changes are explained by a major transition in the agricultural system
(Taillefumier, 2000), in which the self-sufficiency of the 19th century was replaced by an
agro—pastoral system oriented towards lamb breeding (Sauvan, 1937). Lamb production
was supported by railroad development, mineral fertilizers and artificial fodder, enabling
the region to develop economically. Thus, in 1956, the inhabitants continued developing
strategies to gain maximal profit from land. Consequently, the forest areas had not
increased since 1828 and still occupied the least fertile areas.

Between 1956 and 1991, the abandonment of ploughed lands continued, but at a
slower pace than between 1828 and 1956. However, physical constraints no longer
influenced the location of ploughed land. Parts of productive agricultural areas, although
suitable for modern cultivation, were also abandoned. Moreover, many pastures were
spontaneously colonized by shrub formations, probably a pioneer stage of forest growth.
For the first time in nearly two centuries, forested areas extended significantly. This
resulted from farmland abandonment, a process that has accelerated since World War II
(Meyzenq, 1984; Jauneau, 1990; Mesclon, 1991). The traditional outlets for ovine
breeding have diminished since the 1980s, and it is now difficult to develop other
specific kinds of production (orchards, lavender and vineyards). As in the other
neighboring mountainous regions, many farms have been abandoned. Given the difficulty
in establishing outlets, mountain farming cannot currently penetrate competitive national
or international markets. The only possible exception is the production of beef cattle for
breeding in the communes of Bourdeaux and Mornans, subsidized by the Common
Agricultural Policy (CAP) (Fig. 3c).

5.2. Environmental variables that discriminate land use changes

Eight variables were used to study how environmental factors influenced land use
changes. Generally, elevation, slope gradients, bedrock lithology and surface deposits best
discriminated the spatial distribution of different land uses and the land use changes. In the
19th century, slopes that were too steep were the only real limiting factor in the extension
of ploughed lands. Thus, slope was the principal limiting factor, and elevation and bedrock
lithology were only secondary factors. GIS analysis confirmed the absence of ploughed
lands on slopes >37°, and showed that some areas were cultivated on slopes of 31-37°
(3.5% of the total of the ploughed lands), and that slopes >22° represent almost 30% of the
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total cultivated areas. This last percentage is much greater than the rates observed in two
mountain regions of Spain, where ploughed lands on slopes >22° represented <10% of
the total cultivated area (Arnaez-Vadillo et al., 1990). Our results are especially remarkable
given that there was no cultivation on terraces in this area. The evolution of pastures
between 1956 and 1991 also confirms the importance of slope as a physical factor for
controlling land use changes. Pastures disappeared on slopes of 26—30°. Because the need
for pastures decreased at the end of the 1956—1991 period, farmers abandoned the steepest
areas that were least productive.

Aspect, dip, dip orientation and the relationship between dip and slope explain very
little of the spatial distribution of the various land uses studied. For aspect, this is
surprising, as it is clearly an important factor in many mountainous areas. For example, it
strongly discriminates land use patterns between the adret (warm, sunny slopes) and ubac
(cooler, shaded slopes) in the Northern Alps (Rambaud and Vincienne, 1964) and
Southern Alps (Darracq, 1992; Gautier, 1994). In two Spanish mountains areas
(Arnaez-Vadillo et al., 1990), the influence of aspect depends on regional climatic context:
in the Cameros Viejo, north-facing slopes, where less evaporation occurs, are cultivated to
a greater extent (30.7% in adret vs. 37.1% in ubac), whereas in the colder and wetter
Aragon Pyrenees, adrets are cultivated more (52.4% in adret vs. 13.7% in ubac). In our
study, the lack of influence of aspect may reflect the small area involved and thus the
incomplete range of aspects. Almost 80% of the chosen study area is orientated west to
south—west. In the Diois and Baronnies regions, only a few communes, generally located
in small breached anticlines, present a range of contrasting aspects. These communes
demonstrate better the relationship between aspect and land use (Gautier, 1994).

The effect of dip on hillslope processes such as the transfer of runoff or groundwater is
well known at the local scale. However, its influence on land use, and more importantly on
the decisions of farmers who determine land uses, is more difficult to evaluate in relation
to other more evident environmental factors. In 1828, shrub units, pastures and ploughed
lands occupied areas with strong, often opposite, dips (50—69°), corresponding to
interbedded limestone and marl and eroded hillslopes (Fig. 5a and c). This particular
area is well identified on the second axis corresponding to the heart of the pasture/shrub
unit scatters. Callot (1978), Barthés and Callot (1980) and Decoud (1983) considered dip
as a significant factor partly regulating the circulation of water and the rooting depth of
vegetation, so it may influence the establishment and development of vegetation
communities. On the other hand, Darracq (1992) and d’Epenoux (1992) interpreted dip
only as a secondary factor. However, all these authors agree that the relationship between
dip and slope is of greater importance than dip itself. Indeed, this relationship controls
morphological, hydrological and biological processes. Our results indicate that the
relationship between dip and slope has affected land use change, but it does not in itself
explain the distribution of the major land use types. The 1828 data demonstrate that such
areas could be ploughed, even if they were unstable. In 1956 and 1991, they were mainly
occupied by pasture, suggesting that it was difficult for trees to become established. A
previous study based on field surveys showed the influence of the relationship between dip
and slope on geomorphologic processes (Li¢bault et al., 1998). We conclude that these
variables influence land use by limiting tree establishment, but when the demands on land
are high, such areas can also be ploughed.
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At times of high demographic pressure (19th century) or very low pressure (end of 20th
century), land use was not well related to the environmental factors considered. When
agricultural demands were high, farmers ploughed almost all areas regardless of soil
quality, except on the steepest slopes with siliceous and interbedded limestone. Forest, if
not restricted by human activity, can establish spontaneously almost everywhere in the
region, except on the most unstable slopes. In contrast, when agricultural demands are
very low, forest and pre-forest shrub extended widely, regardless of environment
conditions. Any remaining cultivated plots were then probably related to historical,
pragmatic and social considerations (land appropriation, inheritance, distance to the farm
and landscape conservation for patrimonial reasons) rather than to environmental factors.
In both periods, environmental factors did not greatly influence land use, but rather
controlled species diversity. Between these two extremes, as in 1956, farmers were more
inclined to adapt their agricultural practices to the environmental context, as well as to
socio-economic factors.

5.3. Effects on the landscape

During the period studied, landscapes became simpler. At the beginning of the 19th
century, the landscape was characterized by a fine and varied mosaic of traditional farming
areas combining multiple land uses. In contrast, by the late 20th century, such fine-grained
diversity had disappeared, with forest, shrubs and pastures forming larger homogeneous
areas. This tendency is likely to increase if it is not controlled by the maintenance of
agriculture. In 1991, 24% of the study area was occupied by waste lands and shrub
formations. Sooner or later, given local conditions, these secondary formations will evolve
to forest stages, first to pine forest (P. sylvestris and Pinus nigra) and then probably to oak
(Quercus pubescens) or beech (Fagus sylvatica) groves. Assuming the current trend to
reduced agricultural and pastoral demands continues, current shrub cover will probably
evolve to forest. Although it is risky to make landscape forecasts in the absence of
additional analyses (Brossard et al., 1993; Joliveau, 1994; Josselin, 1995), it is possible that
within 20—-50 years, this process could lead to a landscape consisting of extensive wooded
areas enclosing a few cultivated areas, with some pastures located near summits or hillslope
bottoms. This projection may well apply to many communes in the Diois and Baronnies
mountains and more generally to much of the mountain regions of Europe (Arnaez-Vadillo
et al., 1990; Barbéro and Quézel, 1990; Brossard et al., 1993; Dérioz, 1993; Molinillo et al.,
1997), leading to or intensifying territorial management and development problems.

Fischesser (1991) noted that the rural landscape has become a consumer product that
should be taken into account in rural development strategies. Under the combined effects
of modern economy and technology, traditional diverse rural landscapes are changing
rapidly, becoming more standardized and homogeneous. In some regions, where forest
management has caused landscape degradation, Fischesser (1991) suggested ways for
reconciling economic development and landscape conservation. Tourism development
often supplements and helps to renew agricultural activities, but could suffer from such an
evolution of the landscape. This is particularly true in the Diois and Baronnies regions
where tourism activities, because of the attractiveness of the landscape, have become a
major source of income in the two last decades.
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5.4. Effects on the hydrosystems

Landscape afforestation has changed sediment routing through stream networks.
Significant channel changes have been observed on the two streams (Bine and Soubrion)
draining this area during the last 50 years (Li¢bault and Piégay, 2001). Diachronic analysis
of aerial photographs has shown that the active channels of these streams narrowed,
primarily between 1956 and 1971, as riparian vegetation encroached on formerly active
channel surfaces. Although a similar trend is observed on the two streams, the Bine shows
stronger in-channel vegetation development during this period, mainly because active
gravel bars were more developed in the 1950s than in the Soubrion stream. These
differences in channel morphology suggest that the Bine stream received a greater and
more persistent bedload supply through the 1950s.

This contrast can be related to a difference in the chronology of land use change in the
two catchments. To explore this hypothesis, we classified land use types in terms of
protective and non-protective covers. Forest, shrub and herbaceous covers were consid-
ered as protective land use types, whereas ploughed lands, orchards, vineyards and bare
soil were considered non-protective. In both catchments, protective land use cover
increased as a result of farmland abandonment, but there were some differences between
the two (Fig. 7). In the Soubrion catchment, the increase in protective cover occurred more
rapidly, because at the beginning of the 19th century, this catchment was very degraded;
protective and non-protective land uses occupied almost the same total areas. In 1956,
protective vegetation already covered 90% of the catchment, and there was no significant
later change. Protective cover increased more slowly in the Bine catchment. In 1826,
protective vegetation already covered 70% of the catchment; it increased to 80% in 1956
and 86% in 1991. Thus, in the Bine catchment, there was a slight increase in protective
vegetation (1.6 ha year ') between 1826 and 1956, and a greater increase (3.2 ha year™ ')
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Fig. 7. Evolution of protective vegetation in the Soubrion and Bine catchments.
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between 1956 and 1991, but in the Soubrion catchment, there was a greater increase (3.6
ha year™ ') in the first period and only a slight increase (1.6 ha year™ ') in the second.

This suggests that the channel metamorphosis of these streams was partly linked to the
progression of vegetation cover on the hillslopes. The earlier extinction of the Soubrion
creek is well correlated with early and more rapid vegetation development, and is partly
explained by torrent control works (planned afforestation of the end of the 19th century)
on the main degraded areas of the catchment. Conversely, the persistence of wide gravel
bars in the 1950s on the Bine stream can be explained by: (i) a weaker increase in
protective land use types between 1828 and 1956; and (ii) persistence of large badland
areas still supplying sediment to the channel (where no soil conservation was applied).
Active channel narrowing observed during the last 50 years is strongly correlated with the
rapid progression of forest cover between 1956 and 1991. This observation is confirmed
by others made within various neighboring catchments and also in systems located to the
north (Liébault and Piégay, 2002). Such examples illustrate how the depopulation of
mountain areas can have major effects on channel geometry that mask the more gradual
effects of climate change. In our opinion, more research is now needed in Europe to
improve understanding of the real effects of climate change on channel geometry,
primarily at the end of the Little Ice Age (1850—1880). It is difficult to differentiate
climatic from anthropogenic factors during periods in which mining, land use change and
channel regulation also occur.

6. Conclusions

The landscapes of European mountains have changed greatly over the last two centuries
because of the industrial and agricultural revolutions. Farmers took into account environ-
mental conditions (primarily slope and elevation, but also bedrock lithological conditions)
during the first part of the 20th century to select the best area for a given land use and bolster
the efficiency of the traditional agro—pastoral system. But environmental factors were
considered in a less discriminating manner by farmers when human pressure was either
very high, as in the 19th century, or low, as in the post World War II period. In the setting of
the sub-Mediterranean middle mountains, environmental conditions seem to have been
partially limiting factors for land use, but human controls have been more critical.

The land use changes have had environmental and societal consequences. Decreased
sediment transfer has narrowed and degraded downstream channels producing negative
economic consequences by undermining infrastructures and decreasing water resources.
These changes also led to closing and simplification of the landscape, which is not
necessarily welcomed by local populations and decision-makers, because the loss of
traditional humanized landscapes may compromise developing tourist activities.

Acknowledgements

The authors thank the Direction Départementale de 1’ Agriculture et de la Forét (DDAF)
of Drome Department for free utilization of the GIS software and hardware, Jeremy



294 F. Taillefumier, H. Piégay / Catena 51 (2003) 267-296

Majerowich (University of Lyon 2) for the technical assistance on Erdas Imagine®
software, Bernard Dupuis and Thierry Joliveau (University of Saint-Etienne) for technical
assistance on Geolmage® software, Professor Pierre Clément (University of Lyon 2) and
Crane Rogers (University of Saint-Etienne) for comments and help with translation and
many friends and colleagues for their assistance with this work. The useful work done by
both referees and also by Gary Brierley and John Catt is acknowledged; their comments
and suggestions significantly improved this manuscript. The DEM of the Institut
Géographique National was provided by the Rhone Mediterranean Corsica Water Agency
in order to assess land use changes and channel metamorphosis within the Roubion
catchment (Liébault et al., 1998). Both institutions are greatly thanked.

References

Arnaez-Vadillo, J., Lasanta-Martinez, T., Ortigosa-Izquierdo, L.-M., Ruiz-Flafio, P., 1990. L’abandon de 1’espace
agricole dans la montagne subméditerranéenne en Espagne (Pyrénées centrales et Systéme ibérique),
R.G.PS.-O. 61, 237-253.

Aubry, P., Piégay, H., 2001. Pratique de I’analyse de ’autocorrélation spatiale en géomorphologie fluviale:
définitions opératoires et tests. Geographie Physique et Quaternaire 55 (2), 115-133.

Barbéro, M., Quézel, P., 1990. La déprise rurale et ses effets sur les superficies forestiéres dans la région
Provence— Alpes—Cote d’Azur. Bulletin de la Société Linnéenne de Provence 41, 77—88.

Barthes, J.-P., Callot, G., 1980. Les systémes géo-pédologiques de la zone d’étude du Diois—Baronnies. Struc-
ture, dynamique et utilisation des formations a chéne pubescent en zone bioclimatique méditerranéenne.
Synthése des interventions présentées lors des réunions de Dieulefit: 2—4 Oct. 1978 et Montpellier: 6—8
Nov. 1978, DGRST-Laboratoire d’Ecologie des Régions Arides, Montpellier, vol. 1, pp. 4—8.

Beeching, A., Brochier, J.-L., 1989. Territoire Chasséen en Vallée du Rhone (a suivre). Pour une stratégie
d’archéologie spatiale. Programme pluriannuel en Sciences Humaines Rhone— Alpes. Centre d’Archéologie
Préhistorique de Valence (ERA 36 du CRA du CNRS), Valence.

Bernard-Allée, P., Cosandey, C., 1991. Conséquences d’une coupe foresticre sur les bilans hydrologique et
sédimentaire: le bassin-versant de la Latte, Mont Lozere. Physio Geo 21, 79-94.

Billi, P., Rinaldi, M., 1997. Human impact on sediment yield and channel dynamics in the Arno River basin
(Central Italy). Human impact on erosion and sedimentation (Proceedings of Rabat Symposium S6, April
1997), International Association Hydrological Sciences Publ. n°, vol. 245, pp. 301-311.

Blanchard, R., 1945. Les Alpes Occidentales, tome 4: Les Préalpes francaises du Sud. Arthaud, Grenoble.

Bommel, P., Lardon, S., 2000. Un simulateur pour explorer les interactions entre dynamiques de végétation et
paturage. Impact des stratégies sur les configurations spatiales. Revue Internationale de Géomatique 10,
107-130.

Bravard, J.P., Peiry, J.L., 1993. La disparition du tressage fluvial dans les Alpes frangaises sous I’effet de
I’aménagement des cours d’eau (19-20eme siecles). Zeitschrift fur Geomorphologie, Supplement Band
88, 67—-179.

Bravard, J.P., Kondolf, G.M., Piégay, H., 1999. 12. Environmental and societal effects of river incision and
remedial strategies. In: Simon, A., Darby, S. (Eds.), Incised River Channels. Wiley, Chichester, pp. 303—341.

Brossard, T., Wieber, J.-C., 1984. Le paysage: trois définitions, un mode d’analyse et de cartographie. I’Espace
Géographique n° 1-1984, pp. 5-12.

Brossard, T., Joly, D., Pierret, P., 1993. Déprise agricole et fermeture des paysages. Mappemonde, 17-21 (n°
3-1993).

Brossard, T., Joly, D., Strasfogel, S., Venzac, L., 1996. Evaluation et suivi des paysages par systeme d’informa-
tion géographique (S.1.G.); exemple appliqué a ’arriére-pays de Bourbonne-les-Bains, Haute—Marne, rapport
“Laboratoire Environnement et Paysage”, URA 908 CNRS, Université de Franche—Comté.

Callot, G., 1978. Analyse des litho-systémes carbonatés. Role du substratum calcaire dans la pédogenese, S.E.S.
n° 454, éd. LN.R.A.-S.E.S., Montpellier.



F. Taillefumier, H. Piégay / Catena 51 (2003) 267-296 295

Chédin, S., 1990. Etude spatiale de la déprise agricole dans huit communes du Parc du Vercors. Revue de
Géographie Alpine, 38—41 (n° 4/1990).

Chessel, D., Dolédec, S., 1996. ADE version 4.0: Hypercard© Stacks and Quickbasic Microsoft© Programme
Library for the Analysis of Environmental Data. Ecologie des eaux douces et des grands fleuves—URA
CNRS 1451, Université Lyon I, 69622 Villeurbanne.

Cuche, D., 1960. Etude géologique de la feuille de Dieulefit. N° 3 (1/20000°™). D.E.S. de Géologie, Faculté des
Sciences de Lyon, Villeurbanne.

d’Angelo, M., Enne, G., Madrau, S., Percich, L., Previtali, F., Pulina, G., Zucca, C., 2000. Mitigating land
degradation in Mediterranean agro—silvo—pastoral systems: a GIS-based approach. Catena 40, 37—49.

Darracq, S., 1992. La dynamique du tapis végétal dans les bassins—versants du Sasse et du Grand-Vallon (Alpes
de Haute-Provence, France). Recherche méthodologique et application. These de doctorat, EXN.G.R.E.F.

Decoud, J.-M., 1983. Le Pin noir d’Autriche dans le sud-est de la France: intéréts et problemes. Mémoire de 3éme
année, EN.LT.E.F.-C.EM.A.G.R.E.F. (division Protection contre les Erosions du groupement de Grenoble),
Saint-Martin-d’Heres.

Del Barrio, G., Alvera, B., Puigdefabregas, J., Diez, C., 1997. Response of high mountain landscape to topo-
graphic variables: Central Pyrenees. Landscape Ecology 12, 95—115.

d’Epenoux, F., 1992. Relations milieu-production. Application au Pin noir d’Autriche dans les Alpes externes
méridionales. These de Doctorat, CEMAGREF Aix-en-Provence-Laboratoire de Biologie alpine, Université
de Grenoble 1.

Dérioz, P., 1993. Friches et terres marginales en basse et moyenne montagne. Revers sud-oriental du Massif
Central. These de Doctorat de Géographie, Université d”Avignon.

Fischesser, B., 1991. La forét dans le paysage, Cémagref de Grenoble (Division Environnement Naturel et
Paysage), Grenoble.

Flandrin, J., 1970. Carte géologique au 1/50000°: Dieulefit (n° XXXI-38). B.R.G.M., Orléans.

Garcia-Ruiz, J.M., White, S.M., Lasanta, T., Marti, C., Gonzalez, C., Errea, M.P., Valero, B., 1997. Assessing
the effects of land-use changes on sediment yield and channel dynamics in the central Spanish Pyrenees. In:
Walling, D.E., Probst, J.L. (Eds.), Human Impact on Erosion and Sedimentation. Publ., Proc. Rabat
Symposium S6, April, vol. 245. International Association Hydrological Sciences, pp. 151—158.

Gautier, E., 1994. Permanence de la structure du paysage d’une commune du pays des «terres noires» de 1835 a
nos jours: I’exemple de Savournon (Hautes-Alpes). Bulletin de 1’ Association de Géographes Francais, 36—51
(n°® 1-1994).

Geary, R.C., 1954. The contiguity ratio and statistical mapping (with discussion). Incorporated Statistician 5,
115-145.

Guidi, M., Piussi, P., 1993. Natural afforestation and landscape changes in the Eastern Prealps of Italy. Revue de
Géographie Alpine 81, 95-102.

Jauneau, J.-C., 1990. Déprise et repli de 1’agriculture dans le Parc naturel régional du Vercors. Revue de Géo-
graphie Alpine 78, 34—37.

Joliveau, T., 1994. La gestion paysagere des espaces ruraux: questions, concepts, méthodes et outils. Revue de
Géographie de Lyon 69, 325-334.

Josselin, D., 1995. Modélisation de la déprise agricole en zone de montagne. Analyse critique d’une méthode.
Brouillons Dupont, n° 21. Groupe Dupont (Université d’Avignon), Avignon, pp. 25—-45.

Josselin, D., Orsier, B., Janin, C., 1995. La modélisation de la déprise rurale en zone de montagne: approche
déductive, inductive ou hybrides? Revue Internationale de Géomatique 5, 329—344.

Kirkby, M.J., Abrahart, R., McMahon, M.D., Shao, J., Thornes, J.B., 1998. MEDALUS soil erosion models for
global change. Geomorphology 24, 35—49.

Landon, N., 1999. L’évolution contemporaine du profil en long des affluents du Rhone moyen, constat régional et
analyse d’un hydrosystéme complexe, la Drome. PhD Thesis, Université Paris IV —Sorbonne, Paris.

Landon, N., Piégay, H., Bravard, J.P., 1998. The Drome River incision (France): from assessment to manage-
ment. Landscape and Urban Planning 43, 119—-131.

Lasanta, T., Garcia-Ruiz, J.M., Perez-Rontome, C., Sancho-Marcen, C., 2000. Runoff and sediment yield
in a semi-arid environment: the effect of land management after farmland abandonment. Catena 38,
265-278.

Lebart, L., Morineau, A., Piron, M., 1995. Statistique exploratoire multidimensionnelle. Dunod, Paris.



296 F. Taillefumier, H. Piégay / Catena 51 (2003) 267-296

Liébault, F., Piégay, H., 2001. Assessment of channel changes due to long-term bedload supply decrease,
Roubion River, France. Geomorphology 36, 167—186.

Liébault, F., Piégay, H., 2002. Causes of contemporary active channel narrowing, cases of French mountain and
piedmont rivers and streams. Earth Surface Processes and Landforms 27, 425—-444.

Liébault, F., Taillefumier, F., 2000. L’évolution contemporaine de la bande active des principaux affluents de la
Drome, de I’Eygues et du Roubion (Préalpes du Sud, France). Géocarrefour 75, 327—-336.

Liébault, F., Piégay, H., Taillefumier, F., 1998. Evaluation des potentialités de recharge du Haut-Roubion a partir
d’une analyse fine des caractéristiques géographiques du bassin et de deux affluents: la Bine et le Soubrion.
Unpublished report, UMR 5600 CNRS-Université Lyon 2 (Laboratoire Rhodanien de Géomorphologie),
Lyon-Bron.

Liébault, F., Piégay, H., Clément, P., 2001. Analyse géomorphologique de la recharge sédimentaire des bassins
versants de la Drome, de I’Eygues et du Roubion, Rapport final. Office National des Foréts—Direction
Départementale de I’ Agriculture et de la Forét de la Drome—Agence de I’Eau RMC, 2 vol. + cartes.

Manly, B.F.J., 1991. Randomization and Monte Carlo Methods in Biology. Chapman & Hall, London.

Mesclon, C., 1991. Enjeux économiques et environnementaux d’un arriére pays rhodanien: le pays du Roubion—
Jabron, Théese de doctorat, I.G.A., Université de Grenoble 1.

Meyzeng, C., 1984. Hautes-Alpes, Ubaye, Haut-Drac, Préalpes dromoises: pays de transition entre Alpes du Sud
et Alpes du Nord, (4 partir d’une Thése de Doctorat d’Ftat, 1.G.A., Grenoble), éd. Ophrys, Gap.

Molinillo, M., Lasanta, T., Garcia-Ruiz, J.-M., 1997. Managing mountainous degraded landscapes after farmland
abandonment in the Central Spanish Pyrenees. Environmental Management 21, 587—-598.

Moran, P.A.P., 1950. Notes on continuous stochastic phenomena. Biometrika 37, 17-23.

Piégay, H., 1995. Dynamique et gestion de la ripisylve de cinq cours d’eau a charge grossiére du bassin du Rhone
(I’Ain, I’Ardéche, le Giffre, I’Ouvéze et I'Ubaye), XIX ™ —XX*™® siécles. PhD Thesis, Université Paris IV-
Sorbonne.

Rambaud, P., Vincienne, M., 1964. Les transformations d’une société rurale: la Maurienne (1561—1962). Ecole
Pratique des Hautes Etudes, Paris.

Sauvan, E., 1937. L’¢élevage des agneaux gras et le commerce de la viande dans les Préalpes dauphinoises du Sud.
Revue de Géographie Alpine 25, 699—-709.

Taillefumier, F., 2000. Dynamique du couvert végétal de deux bassins versants affluents du Haut-Roubion, la
Bine et le Soubrion (Préalpes séches dromoises). Forét Méditerranéenne 21, 170—176.

Tappeiner, U., Tasser, E., Tappeiner, G., 1998. Modelling vegetation patterns using natural and anthrogenic
influence factors: preliminary experience with a GIS-based model applied to an Alpine area. Ecological
Modelling 113, 225-237.

Vallauri, D., Chauvin, C., Mermin, E., 1997. La restauration écologique des espaces dégradés dans les Alpes du
Sud. Chronique de 130 ans de restauration et problématique actuelle de la gestion des foréts recréées en Pin
noir. Revue Forestiere Frangaise, 433—449 (n° 5-1997).

Van Romphey, C., 1959. Etude géologique de la feuille de Dieulefit. N° 2 (1/20000°™). D.E.S. de Géologie,
Faculté des Sciences de Lyon, Villeurbanne.



	Introduction
	Study area
	Materials and methods
	Assessment of changes in anthropogenic pressure on land
	Archives of human and livestock densities
	Changes in land cover

	Environmental variables
	Data collection
	Environmental characteristics of the studied area

	Statistical analysis

	Results
	Evolution of anthropogenic pressure on land
	Contemporary evolution of land use
	Environmental variables and land use
	Discrimination of the environmental variables on land use changes
	Period 1828-1956
	Period 1956-1991


	Discussion
	Causes of land use changes
	Environmental variables that discriminate land use changes
	Effects on the landscape
	Effects on the hydrosystems

	Conclusions
	Acknowledgements
	References

