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Chapter 2

LAND-USE CHANGE IN PORTUGAL, 1990–2006: MAIN 
PROCESSES AND UNDERLYING FACTORS

Abstract: This article studies the processes of land-use change in Portugal between 1990 and 
2006 and analyses the effects of different driving forces in shaping land-use patterns during 
that period. While urbanisation and the abandonment of agricultural land were the most 
prevalent processes between 1990 and 2000, concurrent processes of land abandonment and 
agriculture intensification seem to have predominated in recent years. Nevertheless, annual 
rates of change for all land-use change processes appear to be increasing overall, following a 
sharp increase in economic growth. The effect of driving forces in shaping land-use change 
tends to remain stable over time, but the deployment of new infrastructure and the gradual 
enforcement of spatial planning policies appear to be important factors in dynamically 
changing spatial patterns of land-use change.

Keywords: Land-use change; Portugal; Driving forces; Logistic regression analysis

This chapter originally appeared as: Diogo, V., Koomen, E. (2012), Land-Use Change in Portu-
gal, 1990–2006: Main Processes and Underlying Factors. Cartographica 47: 237–249. doi:10.3138/
carto.47.4.1504.
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1. Introduction

Land-use systems are often seen as complex adaptive systems whose complexity arises both 
from human decision making and from the spatially explicit patterns of the landscape envi-
ronment (Parker et al., 2003). Hence, patterns of land use and land-use change result from 
complex interactions among numerous factors operating at different spatial scales (Lambin et 
al., 2001). Currently, no unifying theory exists that includes all processes relevant to land-use 
change, and, therefore, determining the main factors driving land-use change is still a topic of 
debate in the field of land-use change analysis and modelling. Nonetheless, five major types 
of driving forces that are assumed to influence land-use development have been empirically 
identified (Hersperger and Bürgi, 2007; Verburg et al., 2004):

• Natural driving forces such as soil characteristics and drainage conditions, which 
determine the biophysical potentials and constraints for natural and agricultural vegetation, 
as well as basic suitability for residential areas;

• Sociocultural driving forces, including demography, lifestyle, and historical events;

• Economic driving forces such as market structure, existing access (e.g., transpor-
tation infrastructure), and consumer demand;

• Political driving forces, particularly policies with a spatial dimension related to, 
for example, nature conservation and infrastructure development;

• Technological driving forces such as the mechanisation of agriculture, including 
social and organisational expertise.

The Mediterranean region is an example of a landscape that has been shaped by human 
activities for centuries (Stevenson and Harrison, 1992). Since the middle of the twentieth 
century, important changes in land use have had a strong impact on local ecosystems through 
processes such as farming intensification, increased migration to urban centres, and expansion 
of tourism-related activities in coastal areas (Alados et al., 2004). An increase in forest and 
scrubland vegetation also has been observed, as a result of the marginalisation of traditional 
agricultural and grazing practices and the consequent abandonment of agricultural land 
(Millington et al., 2007).

Similar ongoing processes have been observed in Portugal in recent years (e.g., Correia, 
1993; Moreira et al., 2001; Van Doorn and Bakker, 2007; Ramos and Santos, 2009; Petrov et 
al., 2009). Since Portugal’s entry into the European Union in 1986, the country’s agricultural 
practices have been increasingly determined by subsidies and regulations associated with 
the Common Agricultural Policy (CAP), such as intensification by irrigation. A substantial 
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decrease in the rural population has occurred since the 1950s, leading to the abandonment 
of agricultural lands.

Several EU structural programs were implemented in Portugal to develop new infra-
structure and improve access among regions and to external markets. Although this public 
investment has promoted long-term growth and brought Portugal up to EU living standards, 
it has also contributed to concentrating economic activity mainly in Lisbon and reinforcing 
asymmetries between regions (Pereira and Andraz, 2006). Indeed, Portugal is still solving 
some structural problems typical of developing countries, while simultaneously coping with 
issues that are well known in more developed countries. For instance, while the population 
in the countryside is only now becoming urbanised, urban sprawl is currently taking place 
in coastal areas (Gaspar et al., 1998).

This article takes as a starting point a previous study of land-use change processes and 
underlying driving forces in Portugal from 1990 through 2000 (Diogo and Koomen, 2010). 
That study concluded that urbanisation and the abandonment of agricultural land were the 
prevailing processes during this period. While urbanisation occurred mainly in proximity to 
urban centers in coastal areas, agricultural land was abandoned in marginal areas with scarce 
water resources. Intensification of agriculture was also a significant process in areas with water 
available nearby. This article aims to update that earlier analysis, taking into consideration the 
period from 2000 to 2006 and comparing the main processes of land-use change between 
the two periods. This assessment will allow us to:

• compare the main land-use changes in Portugal between 1990 and 2000 and between 
2000 and 2006 and infer to what extent the observed patterns are comparable;

• determine the key processes during these two periods and infer whether rates of 
change are maintained over time;

• evaluate how the various driving forces influenced these processes and how differ-
ently they have operated in different periods.

2. Data

2.1. Land use

The CORINE land cover (CLC) data sets for 1990, 2000, and 2006, with 100-m grid resolu-
tion, are used for the land-use change analysis (EEA, 2012). These data sets use a system of 44 
land cover classes organised at three levels of detail. These classes have been aggregated into 11 
more general classes (see Table 2.1) to allow an analysis of the main land-use change processes.
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2.2. Driving forces

To explain the land-use change processes statistically, a set of spatially explicit explanatory 
variables was collected to reflect political, economic, and natural driving forces (see Table 
2.2). Prior to this selection, the existence of correlations between the variables was assessed, 
leading to the exclusion of other factors under consideration, such as yearly accumulated 
rainfall, water deficit during the growing season, and access to airports and ports. The set of 
explanatory variables considered was the same for the two periods under study (1990–2000 
and 2000–2006).

Table 2.1: Aggregation of CORINE land-cover classes and resulting classification
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3. Methodology

3.1. Analysis of the main processes of land-use change

According to previous approaches (EEA, 2006; Feranec et al., 2010), the main processes of 
land-use change can be defined as aggregated flows representing groups of transitions sharing 
common features. In our case, five main processes are considered (Figure 2.1):

1. Urbanisation: Conversion from agricultural and natural land to built-up areas

2. Conversion from nature to agriculture: Transition from natural areas to agricultural land

Table 2.2: Driving forces used as explanatory variebles
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3. Intensification of agriculture: Internal conversion of agricultural land, representing a 
shift from lower to higher intensity of use

4. Extensification of agriculture: Internal conversion of agricultural land, representing a 
shift from higher to lower intensity of use

5. Abandonment of agricultural land: Conversion of agricultural land to (semi-)natural 
land cover

Figure 2.1: Main processes of land-use change (1 = Urbanisation; 2 = Conversion from nature to 
agriculture; 3 = Intensification of agriculture; 4 = Extensification of agriculture; 5 = Abandonment 
of agricultural land)

Other changes, such as internal conversions between forests and semi-natural vegetation, were 
intentionally excluded from the analysis, as they may be the result of different interfering 
processes such as deliberate human activities, ecological succession, or wildfires, which could 
not be distinguished by analysis of GIS data alone.

The dynamics of land-use change were then further analysed by identifying the substitu-
tion patterns among classes during the period 2000–2006. A transition matrix was created 
to establish the number of land-use changes from each existing category to each of the 
other categories over the study period (Peña et al., 2007), which allowed the identification 
of transitions between specific land-use classes. The results obtained were then compared 
to those obtained for 1990–2000. In particular, this comparison was intended to discover 
whether average annual rates of change were maintained over time for the different periods, 
using the following definition:
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Eq. (1)

where arLUCp,f-i is the annual rate of land-use change resulting from land-use change pro-
cess p between years i and f (in ha.year-1); LUCp,f-i is the amount of land-use change resulting 
from process p between years i and f; and Yeari and Yearf are, respectively, the initial and final 
years of the periods considered.

It should be noted that in general, the recording period of a CORINE data set does not 
necessarily match its year label. Table 2.3 shows the recording years for each data set; for the 
purposes of this study, the average year of the recording period was used as a reference to 
calculate annual rates of change.

Table 2.3: Year of recording of  CORINE land-cover datasets and considered reference year

3.2. Evaluating the driving forces behind land-use change

Since land-use change is a discrete phenomenon, logistic regression is an adequate statistical 
method to analyse it (Millington et al., 2007). Multinomial regression models are used when 
the dependent variable is categorical and has more than two classes. Each category of the 
dependent variable is compared to a reference category (usually the land-use type/process 
that is more prevalent and is homogeneously distributed across the study area). The model 
transforms the dependent variable into a logit variable by estimating the odds of a certain 
category’s occurring in a certain cell in relation to the reference class, according to a set of 
explanatory factors. Coefficients are thus estimated for each category through maximum 
likelihood estimation, indicating the direction and intensity of each explanatory variable in 
explaining the occurrence of that category:
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Eq. (2)

where Pc,i is the probability that cell c will be used for land-use type i; Pc,ref class is the 
probability that cell c will be used for the land-use type considered as a reference category; 
X1 to Xn are independent explanatory variables (i.e., the factors assumed to drive land-use 
change); b0 is a constant (the intercept); and b1 to bn are the logistic regression coefficients that 
indicate the direction and intensity of each explanatory variable in explaining the occurrence 
of land-use type i.

A more detailed account of the multinomial regression model is provided elsewhere (e.g., 
Lesschen et al., 2005). In this study, the categories of the dependent variable are constituted by 
the processes described in section 3.1. An additional category, Other changes, is also included; 
this category comprises all land-use changes not listed among the processes considered in 
the analysis (i.e., internal changes between urban land uses and between natural land uses). 
This category is used as the reference category in the statistical model. By using the driving 
forces described above as explanatory variables, the statistical model assesses how each var-
iable influences each process.

4. Results

4.1. Main processes of land-use change

Table 2.4 gives an overview of the main processes of land-use change between 2000 and 2006. 
As the table shows, conversion of natural land to agriculture and abandonment of agricultural 
land were the main processes of land-use change in Portugal between 2000 and 2006. Both 
processes appear to have been more prevalent in the southern province of Alentejo (see Figure 
2.2), where intensification of agriculture could also be observed.

According to the transition matrix (Table 2.5), conversion of nature to agriculture and 
agricultural intensification mostly take the form of converting forests and arable land, respec-
tively, to permanent crops. These findings suggest that two concurrent processes are taking 
place: first, a shift toward intensive agriculture, such as vineyards and irrigated olive orchards, 
to meet increasing demand for olive oil and wine (Ramos and Santos, 2009); and, second, 
the abandonment of marginal and less suitable agricultural land because of soil erosion 
(Kosmas et al., 2009). Urbanisation processes are still ongoing, but they seem to have lost 
their preponderance relative to 1990–2000, when urbanisation was one of the most prevalent 
processes of land-use change in Portugal (Diogo and Koomen, 2010). The spatial patterns 
of urbanisation also seem to have changed slightly. Between 1990 and 2000, urbanisation 
was essentially concentrated in coastal areas, and particularly in the Lisbon and Oporto 
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metropolitan areas. More recently, the development of new urban areas seems slightly more 
scattered, though nevertheless surrounding the main coastal cities; this suggests that new 
transport infrastructures have been deployed, improving mobility within the country and 
promoting the development of new residential areas in locations that previously were not 
attractive to live in.

Comparing average annual rates of land-use change reveals that all processes appear to have 
increased by a large factor from one period to the other (see Table 2.6). Especially remarkable 
is the increase in the annual rate of conversion from nature to agriculture, which appears to 
have grown almost tenfold from 1990–2000 to 2000–2006.

Table 2.4: Main land-use change processes, 1990-2000 and 2000-2006

The overall increase in the annual rate of land-use change during 2000–2006 is likely related 
to a rapid increase in economic growth. While an annual average growth rate of 2.9% in per 
capita GDP was observed in 1990–2000, between 2000 and 2006 the rate increased sharply, 
to 8.8% (see Figure 2.3), coinciding with the period during which the average annual rate 
of land-use change was also higher. A number of processes might be involved in this rate 
increase; for instance, an increase in the competitiveness of the agricultural sector as a result 
of Portugal’s admission to the European common market and the implementation of struc-
tural programs may have led to a gradual intensification of land management. Concurrently, 
extensification of agriculture and the abandonment of agricultural land may be taking place 
in locations where commercial agriculture is no longer profitable. Furthermore, the migration 
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of (rural) populations to urban centres and an increase in tourism activities results in an 
increased urbanisation rate in coastal areas. However, it should be noted that while an overall 
increase in the rate of land-use change is to be expected, such large differences may also be 
explained by the technical specificities of CORINE data sets. In particular, for 2000–2006 
land-use change was recorded for a minimum cartographic unit of 5 ha, while for 1990–2000 
the minimum unit was 25 ha (Caetano et al., 2007). Therefore, land-use change in 1990–2000 
may have been underestimated relative to 2000–2006.

Figure 2.2: Main processes of land-use change in Portugal, 2000–2006
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Table 2.5: Land-use transitions between 2000 and 2006 (in hectares)

Table 2.6: Annual rate of land-use change in 1990-2000 and 2000-2006 (ha.year-1)
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Figure 2.3: Per capita GDP in Portugal, 1990–2006 (Source: World Bank 2012)

4.2. Explaining land-use change

Table 2.7 shows the results of multinomial logistic regression analysis. When the results 
for the period of 2000-2006 are compared with those for 1990–2000 (see also Diogo and 
Koomen, 2010), we can conclude that most of the explanatory factors maintain the same range 
of values for each coefficient. Therefore, we can conclude that, in general, the explanatory 
factors considered here have operated similarly during both periods. Slope shows a negative 
influence on all processes, since steeper areas are less suitable for housing construction and 
agriculture. South-facing slopes, which have longer exposure to sunlight, do not appear to 
favour any of the processes studied. Similarly, soil clay content does not seem to play an 
important role in differentiating suitability among processes. The effect of access to cities 
remained unchanged between periods: urbanisation is strongly related to the existence of 
transportation infrastructure, and all agriculture activities seem to be located relatively close 
to urban centres, while abandonment of agricultural land tends to occur in remote areas.

Natura 2000 is a network of nature protection areas at the EU level, established under 
the 1992 Habitats Directive to assure the long-term survival of Europe’s most valuable and 
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threatened species and habitats by ensuring that future management is both ecologically and 
economically sustainable (EC, 2012). Thus, it does not consist of a strict system of nature 
reserves from which all human activity is excluded, but also includes privately owned land. 
As expected, our statistical analysis shows that urbanisation has been highly unlikely in 
these areas (see Table 2.7). In contrast to 1990–2000, the processes of conversion of nature 
to agriculture and intensification of agriculture are negatively correlated with these areas in 
2000–2006, while extensification of agriculture and the abandonment of agricultural land 
seem to be ongoing. Therefore, we can conclude that the enforcement of nature conservation 
policies may have been improving in recent years relative to the previous period.

Table 2.7: Estimated coefficients for the driving forces explaining land-use change processes in 
1990-2000 and 2000-2006

The mean temperature factor conveys temperature gradients across the country. A positive 
relation was found between this factor and the processes of converting nature to agriculture, 
intensifying agriculture, and abandoning agricultural land. This finding seems to underline 
the observation that these processes have tended to occur mostly in the south of the country, 
where the mean temperature is higher. Conversely, extensification of agriculture appears to 
take place mostly in the north.

The elevation breakdown confirms that urbanisation tends to take place mostly in coastal 
areas and is highly unlikely in mountain ranges. In contrast to 1990–2000, conversion from 
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nature to agriculture and intensification of agriculture seem now to be occurring in the 
interior of Portugal. On the other hand, distance to water appears to be an important factor 
driving these processes. Land-use map visualisation allowed us to identify the development of 
new artificial water reservoirs in the areas surrounding hotspots of new permanent crops, as 
well as new road networks. This may be an indication that availability of water for irrigation, 
economies of scale, and better transportation infrastructure can attenuate the advantages of 
being located close to the markets in major urban centers.

5. Discussion and Conclusions

This article demonstrates that patterns of land-use change in Portugal have been changing 
between 1990 and 2006, following different stages of economic growth and structural change. 
Rates of occurrence of processes such as urbanisation of coastal areas, intensification of agri-
culture in areas where irrigation is available, extensification of agriculture, and abandonment 
of agricultural land in marginal areas appear to have increased in recent years, coinciding with 
an increase in the growth rate of per capita GDP. Although these processes were important 
in both periods, urbanisation appears to have been relatively more predominant between 1990 
and 2000, while conversion of nature areas to intensively managed farming and intensification 
of agriculture were the predominant processes between 2000 and 2006.

Despite the increase in the rate of land-use change, the way in which proximate driving 
forces operate in determining the spatial patterns of land-use change seems to have remained 
relatively stable over time. Differences in the spatial distribution of processes appeared to be 
mostly related to new developments in infrastructure, specifically new road networks and 
the availability of water-related infrastructure. To some extent, the gradual enforcement of 
spatial planning policies on nature conservation also appeared to have an effect on processes 
related to agriculture.

These findings may provide some hints as to the field of land-use modelling. Land-use 
models are often calibrated assuming a gradual development of land-use change over time 
according to expected developments of population growth, consumption patterns, and the 
resulting demand for services and products. This study shows that while such an assump-
tion may be valid for short-term projections, it may be unrealistic for long-term scenarios, 
especially in economies where sharp economic growth and structural changes are likely. In 
these cases, one should consider explicitly including different stages of economic growth and 
their underlying processes. Furthermore, while proximate driving forces might be assumed to 
continue operating in the future according to currently observed trends, new developments 
in infrastructure and spatial planning policies should also be explicitly taken into account 
and included in a dynamic way, as they appear to have important effects in shaping local 
suitability for certain land uses and thus dynamically drive spatial patterns of land-use change.
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