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a b s t r a c t

Image data from Earth Observation Satellites (EOS) were used to analyse mountain landscape changes in
Northeast Portugal. Three Landsat images, from April 30th 1979, March 14th 1989 and May 29th 2002
were used. A supervised classification was performed for each image based on the radiometric informa-
tion and the Normalised Difference Vegetation Index (NDVI). Eleven classes were selected considering
the main land cover types in the region. The classification results showed high overall accuracy (above
92.5%) and kappa coefficient (above 0.91). Broadly, the range of dates of the Landsat images used allowed
for the differentiation between classes. Nevertheless, some problems occurred in differentiating between
classes of forest and shrub vegetation due to similar characteristics and vegetation conditions in some
periods of the year, and also due to the effects of topographic shadows associated to mountain areas.
groenvironmental policies
andsat

Meadows and annual crops were the classes having greater changes from 1979 to 2002: meadows area
increased 60% while annual crops decreased 43.5%. The increase in meadows area was likely due to
policies supporting agroenvironmental conservation and autochthon bovine livestock production. Dif-
ferently, the decrease in annual crops was likely due to the loss of economical competitiveness of main
annual crops and to the rural population decrease and ageing, which favoured the replacement of arable
lands by permanent meadows. These results may help developing policies and measures for sustainable

al mo
management of tradition

. Introduction

Mountain areas cover 27% of the earth’s land surface (Blyth et
l., 2002). Mountainous regions are characterized by landscapes of
igh biodiversity and cultural value, often related to the traditional
cological knowledge preserved by local communities. Broadly,
raditional mountainous rural landscapes reflect a long-term rela-
ionship between people and environment that gradually changed
n adverse landscape into a suitable source of food and income
or mountain populations (Calvo-Iglesias et al., 2008; Lasanta et al.,
006; Rescia et al., 2008).

Particularly since the middle of the last century, landscape
Please cite this article in press as: Pôças, I., et al., An evaluation of changes in
sensed data. Landscape Urban Plan. (2011), doi:10.1016/j.landurbplan.201

hanges have been more sudden and have occurred at a broader
cale as a result of the impacts of industrialisation, urbanization
nd, lately, globalization (Antrop, 2005; Calvo-Iglesias et al., 2008).
andscape changes are diverse but very often influenced by regional
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and agricultural policies. Apparently, the main trend of actual Euro-
pean landscape changes relates to the polarization between a more
intensive use of land in most favourable areas and a more exten-
sive use, or even land abandonment, in remote rural areas having
less favourable economic and environmental conditions such as
mountain areas (Antrop, 2005).

The traditional landscape of the mountainous region of North-
east Portugal is characterized by the ancestral agro-pastoral
system, as in other European areas (Calvo-Iglesias et al., 2008;
Mottet et al., 2006). It combines a mix of land uses: mountain
semi-natural meadows (“lameiros”) and common lands (“baldios”)
extensively used for hay and grazing; crop fields; vegetable gar-
dens located close to the villages; and evergreen and deciduous
forests (Pôças et al., 2009). This landscape integrates a cultural her-
itage value and is recognized by its ecological value, particularly
related with the conservation of plant and animal biodiversity and
with protected habitats (e.g. “lameiros” are identified as Natura
a mountainous rural landscape of Northeast Portugal using remotely
1.02.030

2000 habitat, code 6510). Furthermore, it is considered of great
interest for tourism, particularly in regards to nature trails. Never-
theless, this region is now threatened by an ageing and decrease of
the population, which creates problems of sustainability for the
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ncestral mountain landscapes over short to medium temporal
cales.

Recognizing recent landscape changes and their driving forces is
rucial for preserving landscapes and their ecological and cultural
alues, as well as enhancing life conditions in mountain regions.
onitoring and mapping the landscapes over successive decades,

ncluding the quantification of their characteristic elements and
espective spatial relations, allows for the analysis of the impacts
f management and land use on sustainability and preservation
hroughout time (Narumalani et al., 2004). Critical to understand-
ng landscape changes is the existence of sources of historical
nformation that may provide a baseline description. During the
ast years much effort has been made to improve the integration
nd interpretation of different types of data to detect land use and
and cover changes, including historical maps, statistical census,
eld surveys, aerial photographs and satellite images (e.g. Calvo-

glesias et al., 2008; Lucas et al., 2007; Mottet et al., 2006; Pelorosso
t al., 2009; Petit and Lambin, 2001; Rogan et al., 2008). With
he advent of remote sensing technology, image data acquired by
arth Observation Satellites (EOS) provide a synoptic and repeti-
ive coverage of large areas through time. In this context Landsat
magery is particularly interesting due to its continued coverage
ince the 1970s with a new satellite launch already planned for
012 (Landsat Data Continuity Mission), which will extend Land-
at records for several years more (Houet et al., 2010). Nevertheless,
sing remote sensing data to map land use in mountain regions
resent several difficulties due to the high slope angles, topo-
raphic shadowing, complex land cover patterns, and large spatial
iversity specially when fragmentation is high (Millette et al.,
995; Poudel, 2008; Weiss and Walsh, 2009; Wundram and Löffler,
008).

Several algorithms have been developed for change detection
tudies, including post-classification comparison, image differenc-
ng, principal component analysis, and image regression among
thers (e.g. Bayarsaikhan et al., 2009; Castellana et al., 2007; Foody,
002; Macleod and Congalton, 1998; Ridd and Liu, 1998).

The objectives of this study are, firstly, to evaluate the land
se changes in a mountain rural landscape of Northeast Portugal
rom 1979 to 2002 using remote sensing imagery; secondly, to
nfer the impacts of agricultural policies and demography over the
ast decades on the landscape dynamics. To achieve the first goal,
idespread methods already proved accurate were adopted, as it is

he case of maximum likelihood classification, accuracy assessment
nd temporal change detection (Bayarsaikhan et al., 2009; Millette
t al., 1995).

. Materials and methods

.1. Study area

The study area is located in Montalegre municipality, in
he mountain region of Northeast Portugal, between latitudes
f 41◦34′47′′ and 41◦56′34′′N and longitudes of 7◦33′23′′ and
◦08′03′′W (Fig. 1). The landscape of Montalegre is typical of tra-
itional mountain agrarian systems. It combines a mixture of land
ses in fragmented arrangement that constitute a small-scale ham-

et system (Pinto-Correia and Vos, 2004).
The main features of this mountain landscape fit the archetypal

rganization of the European countryside of Roman origin repre-
ented by ager, saltus and silva (Claval, 2007; Mazoyer and Roudart,
Please cite this article in press as: Pôças, I., et al., An evaluation of changes in
sensed data. Landscape Urban Plan. (2011), doi:10.1016/j.landurbplan.201

997). The heart of this agrarian landscape trilogy is occupied
y the village buildings (domus) and vegetable gardens (hortus).
he hortus consists of small fields, located near the villages, usu-
lly irrigated and having fertile soils, in which fresh vegetables,
edicinal herbs and fruits are grown. The ager consists of cropped
Fig. 1. Location of the study area (Montalegre) in the Northeast of Portugal and
detail of the aspect map of Montalegre.

fields, where mainly rye and potato are grown. The saltus is a
non-cropped area that includes irrigated permanent semi-natural
meadows (“lameiros”), used for grazing and hay production, and
common lands (“baldios”), a mix of herbaceous and shrubs used
for extensive grazing. Both constitute the main fodder resource
for livestock production, thus playing a main role in the farm-
ing economy. The silva, usually located in rugged relief zones, is
represented by evergreen forests, mainly Pinus pinaster, and decid-
uous forests, including oaks, chestnuts and riparian species as
birch.

2.2. Satellite imagery and data processing

Three EOS images were used: Landsat2 MSS from April 30th
1979, Landsat5 TM from March 14th 1989 and Landsat7 ETM+ from
May 29th 2002 (path 204/row 31), therefore covering a period
of 24 years. The images were selected within the Landsat histor-
ical archive and refer to similar periods of the year. Differences in
dates from the three years result from the fact that images should
be free of clouds, which often occur in the area. Landsat imagery
has been used previously for landscape change studies in moun-
tain areas with similar characteristics (e.g. Romero-Calcerrada and
Perry, 2004; Serra et al., 2008).

The image from 2002 was acquired with L1T processing level
(geometric and terrain correction) and projected in the UTM coor-
dinates system (WGS 84 datum, projection UTM Zone 29N). The
images from 1979 and 1989 were ortho-rectified using the image
from 2002 as reference. A digital elevation model from Mon-
talegre with a pixel of 30 m was used as elevation reference in
the ortho-rectification procedure. Ground control points (GCP)
adjusted according to the elevation reference were marked over
the 2002 Landsat image and the Landsat images to ortho-rectify.
Each GCP was selected in easily identifiable locations in both
the reference and uncorrected images. In the 1979 Landsat2 MSS
image, 20 GCP were identified with an associated root mean square
(RMS) of 0.63 × 0.76 pixels; in the 1989 Landsat5 TM image, 22
GCPs were identified with a RMS of 0.35 × 0.37 pixels. The two
images were geometrically corrected using the nearest neigh-
bour resampling method. This resampling algorithm is considered
a mountainous rural landscape of Northeast Portugal using remotely
1.02.030

appropriate for classification studies because it simply re-arranges
the pixels position, maintaining their radiometric integrity
(Richards and Jia, 2006). Previously to the ortho-rectification of
the 1979 Landsat2 MSS image, the pixels size was converted

dx.doi.org/10.1016/j.landurbplan.2011.02.030
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Table 1
Classes considered for the supervised classification and corresponding training areas and validation per class and image.

Classes Training areas (number of pixels) Validation areas (number of pixels)

30 April 1979 14 March 1989 29 May 2002 30 April 1979 14 March 1989 29 May 2002

Meadows (MW) 3811 8529 4967 243 174 157
Annual crops (AC) 426 160 70 182 86 42
Sparse vegetation (SV) 1424 415 666 445 179 89
Closed heathlands (CH) 520 301 189 166 94 98
Open heathlands (OH) 798 559 365 366 209 312
Low shrublands (LS) 1478 487 373 443 413 373
Deciduous forests (DF) 154 60 32 220 127 53
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Evergreen forests (EF) 1334 2331
Bare soil/rock (BS) 176 690
Urban areas (UA) 254 212
Water (WT) 12,397 7150

rom 57 m to 30 m using the nearest neighbour resampling
lgorithm.

The classification of all Landsat images was based on the radio-
etric information from reflectance bands (1–5 and 7 for TM/ETM+

ands, 1–4 for MSS) and the Normalised Difference Vegetation
ndex (NDVI), as formulated by Rouse et al. (1973):

DVI = �NIR − �red

�NIR + �red
(1)

here �NIR and �red are the surface reflectance for the near
nfrared (NIR) and red wavelength bands, respectively. The spectral
ange of the red and NIR bands slightly varies with the Land-
at sensor: 697–802 nm and 807–990 nm in the Landsat2 MSS;
26–693 nm and 776–994 nm in Landsat5 TM; and 631–692 nm
nd 772–898 nm in Landsat ETM+ (Chander et al., 2009).

.3. Field site training and testing data base

The classification was implemented over a rectangular sub-
et (1317 lines × 1614 columns) of the Landsat images, including
ll Montalegre area. In the post-classification stage, a mask to
imit the classification results to the area of interest was applied.
he supervised classification was implemented by selecting eleven
lasses based on the main land cover types identified in the region:
eadows, annual crops, sparse vegetation, closed heathlands, open

eathlands, low shrublands, deciduous forests, evergreen forests,
are soil and rocks, urban areas and water. Sparse vegetation refers
o very sparse foliage cover (<10%) dominated by grasses and herbs,
nd few shrubs. Closed heathlands refers to shrubs with dense
oliage cover (70–100%), open heathlands to shrubs with mid-dense
oliage cover (30–70%), and low shrublands to shrubs of sparse
oliage cover (10–30%). In these three last classes also occur few
rasses and herbs. The common lands mainly include vegetation of
hese four types.

Training areas were selected for each of the eleven classes con-
idered. They consist of a set of pixels identified over well-known
reas in each Landsat image, thus providing a reference spectral sig-
ature per class. The selection of training areas per image allowed
inimizing the impact of the differences in the time of acquisition

f the three Landsat images. The identification of these training
reas was supported by an orthophotomap of 2003 (0.5 m spa-
ial resolution) and by information gathered from field surveys.
he number of training pixels per class was defined as a function
f the number of spectral bands in each image (N). At least N + 1
raining pixels per class were considered, whenever possible more
han N × 10, as recommend by several authors (e.g. Richards and
Please cite this article in press as: Pôças, I., et al., An evaluation of changes in
sensed data. Landscape Urban Plan. (2011), doi:10.1016/j.landurbplan.201

ia, 2006). Several pixels per training areas were selected for each
andsat image (Table 1).

The Bhattacharrya distance was computed over the training
reas to infer the separability between the various classes (Choi
nd Lee, 2003; Richards and Jia, 2006). The Bhattacharrya distance
10 498 381 109
25 106 70 84
86 74 96 41
55 1101 1128 752

ranges between 0 and 2, with 0 representing a complete overlap
between two classes, and 2 representing a complete separation
between two classes in the feature space. Bhattacharrya distances
above 1.9 correspond to good class separability (Richards and Jia,
2006).

The supervised classification was implemented using the maxi-
mum likelihood algorithm (Richards and Jia, 2006), which assumes
a normal distribution of each class spectral pattern (Xie et al.,
2008). This statistical assumption was confirmed by the his-
togram analysis of the spectral pattern of the training areas
for each band. In each Landsat image, a set of pixels of each
land cover type was selected and used as validation areas for
the classification (Table 1). The maximum likelihood classifier
does not consider any relation between the pixel to classify
and its neighbours, thus making possible the production of “salt
and pepper” noise in the maps resulting from classification (Lu
and Weng, 2007). In order to reduce this effect, mode filters
of 3 × 3, 1 × 3 and 3 × 1 were applied to the Landsat-derived
maps. The software Geomatica v8.2 (PCI Geomatics, 2001) was
used for the Landsat images ortho-rectification and classification
procedures.

2.4. Accuracy assessment

The accuracy of the Landsat-derived maps was assessed by con-
fusion matrices using the percentage of pixels classified per class,
the overall accuracy and the kappa coefficient (Foody, 2002). The
overall accuracy corresponds to the percentage of pixels correctly
allocated to each class and is computed across the main diagonal of
the confusion matrix. The kappa coefficient takes into consideration
both the pixels in the main diagonal and the marginal values in the
confusion matrix (Foody, 2002; Richards and Jia, 2006). This accu-
racy assessment was performed over the training and validation
areas (Table 1).

The results of classification for each image were compared with
other data sources: (i) statistical data from the agricultural census of
1979, 1989 and 1999 (INE, 2001); (ii) CORINE Land Cover data from
2000 (EEA, 2000); (iii) information gathered from field surveys;
(iv) forestry inventory from 1995–1998; and (v) “baldios” inven-
tory data. The agricultural census collect data from agro-forestry
farms that produce agricultural products, while the forestry inven-
tory was carried out purposefully to quantify forest areas, thus both
not covering the same areas. Therefore, data relative to forest areas
obtained from the forestry inventory are more reliable than those
from the agricultural census; differently data from this census are
a mountainous rural landscape of Northeast Portugal using remotely
1.02.030

more reliable relative to agricultural crops. These data were used as
a general benchmark to determine whether the class areas in the
Landsat-derived maps were representative of the reported class
areas for Montalegre, and to identify any major under- or over-
estimation of a specific class.

dx.doi.org/10.1016/j.landurbplan.2011.02.030
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Table 2
Confusion matrices (in percentage values) and statistical accuracy assessment defined for the classification results over the training areas for each Landsat image.

Classes WT BS UA MW AC EF DF SV OH CH LS

April 30th 1979
WT 99.3 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0
BS 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
UA 0.0 0.0 96.9 0.0 0.0 0.0 3.1 0.0 0.0 0.0 0.0
MW 0.0 0.0 0.0 99.8 0.0 0.0 0.0 0.0 0.0 0.0 0.2
AC 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0
EF 0.0 0.0 0.0 0.0 0.0 99.0 0.0 0.0 0.0 0.0 1.0
DF 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0
SV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
OH 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 99.0 0.0 0.0
CH 0.0 0.0 0.0 0.0 0.0 0.0 3.5 0.0 0.0 96.5 0.0
LS 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0 0.0 1.0 96.8
Overall accuracy 98.8%; kappa coefficient 0.99

March 14th 1989
WT 86.3 0.0 0.0 0.0 0.0 12.8 0.0 0.0 1.0 0.0 0.0
BS 0.0 98.6 0.9 0.0 0.1 0.0 0.0 0.1 0.3 0.0 0.0
UA 0.0 7.5 90.6 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0
MW 0.0 0.0 0.0 99.2 0.4 0.2 0.0 0.0 0.0 0.0 0.1
AC 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0
EF 0.1 0.0 0.0 0.0 0.0 95.3 0.0 0.0 0.4 0.0 4.1
DF 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0
SV 0.0 11.6 0.0 0.0 0.0 0.0 0.7 87.5 0.2 0.0 0.0
OH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 97.5 0.0 2.0
CH 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 99.3 0.0
LS 0.0 0.0 0.0 0.0 0.0 2.7 0.0 0.0 2.5 0.0 94.9
Overall accuracy 95.4%; kappa coefficient 0.91

May 29th 2002
WT 99.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
BS 0.0 99.4 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0
UA 0.0 1.1 98.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MW 0.0 0.0 0.0 99.6 0.0 0.0 0.4 0.0 0.0 0.0 0.0
AC 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0
EF 0.0 0.0 0.0 0.0 0.0 99.2 0.0 0.0 0.5 0.0 0.4
DF 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0
SV 0.0 5.0 0.0 0.0 1.1 0.0 0.0 94.0 0.0 0.0 0.0
OH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 99.7 0.0 0.3
CH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 99.5 0.0
LS 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 9.4 4.6 84.7
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Overall accuracy 97.7%; kappa coefficient 0.98

W: meadows; AC: annual crops; SV: sparse vegetation; CH: closed heathlands; L
S: bare soil/rock; UA: urban areas; WT: water.

. Results

.1. Separability and accuracy: analysis over the training areas

The implementation of the supervised classification was pre-
eded by the evaluation of the separability between each pair of
lasses using training data. The results of the average and mini-
um separability between classes were inferred by Bhattacharrya

istance values for each Landsat image of April 30th 1979, March
4th 1989, and May 29th 2002. The average separability was 1.993,
.994, and 1.996, respectively for the images from 1979, 1989 and
002. The minimum separability between classes in the image
rom 1979 was observed for deciduous forests and closed heath-
ands (1.903). In the image from 1989, the minimum separability

as observed between classes of evergreen forests and low shrub-
ands (1.932). Differently, in the image from 2002, the minimum
eparability was between classes of annual crops and sparse veg-
tation (1.944). The minimum separability values for each image
re likely to result from the proximity between spectral signatures
f different classes due to the vegetation characteristics in the con-
idered period of the year. They mainly refer to proximity between
Please cite this article in press as: Pôças, I., et al., An evaluation of changes in
sensed data. Landscape Urban Plan. (2011), doi:10.1016/j.landurbplan.201

eciduous forest (e.g. birch stands) and closed heathlands (e.g. Cyti-
ius spp.), and between annual crops, with low ground cover, and
parse vegetation areas. In the 1979 Landsat2 MSS image, the lower
verage and minimum separability may also be due to the lower
pectral resolution of this image when compared to the others. The
pen heathlands; LS: low shrublands; DF: deciduous forests; EF: evergreen forests;

downscaling procedure applied to the Landast2 MSS image pro-
vided for improved comparability among the images studied but
did not increase the level of detail to that of Landsat TM or ETM+
images. Because the results of the separability tests were good (val-
ues higher than 1.9 for all the images), the set of classes defined
above was maintained and the classification algorithm based on
the training areas selected was implemented.

The confusion matrices based on the Landsat-derived maps
were used to evaluate the percentage of pixels correctly allocated
to each class from the training areas (Table 2). The overall accu-
racy and kappa coefficients were computed for the training areas
of each image (Table 2). The overall accuracy was high: 98.8%, 95.4%
and 97.7% for the images of 1979, 1989 and 2002, respectively; the
kappa coefficients were also high: 0.99, 0.91 and 0.98 for those years
(cf. Keuchel et al., 2003). The lower value of the kappa coefficient
was observed for the image of 1989 (0.91) due to misclassified pix-
els in the training areas, particularly water pixels misclassified as
evergreen forests (12.8%) and sparse vegetation pixels misclassi-
fied as bare soil or rock (11.6%), which casually have some sparse
vegetation (Table 2).

The accuracy results are generally in agreement with the separa-
a mountainous rural landscape of Northeast Portugal using remotely
1.02.030

bility results. Nevertheless, for the 1989 Landsat-derived map there
were several cases of misclassified pixels distributed over differ-
ent classes. This lower accuracy relates with the poor illumination
conditions of this image, likely because it refers to late winter, as
confirmed by the analysis of the histograms of each band (Appendix

dx.doi.org/10.1016/j.landurbplan.2011.02.030


 IN PRESSG

L

Urban Planning xxx (2011) xxx–xxx 5

A
t

3

d
f
f
s

m
c
i
k
r
i
w
r
f
t
c
a
a
e
t
c
“
p
fi

a
b
i
c
c

c
t
a
l
a
i
c
c

i
t
T
a
d

h
(
l
2
c
a
b
v
v
i
t

s
f

ARTICLEModel

AND-2002; No. of Pages 9

I. Pôças et al. / Landscape and

). For all the bands, this image showed narrower histograms than
he other Landsat images, thus indicating poor contrast.

.2. General classification

The classification accuracy was tested over the validation areas
efined for each class. The overall accuracy was 92.6% in the image
rom 1979, 92.1% in the image from 1989 and 92.8% in the image
rom 2002; the kappa coefficient was 0.93, 0.88 and 0.94 for the
ame images.

Broadly, the application of a mode filter 3 × 3 to the classification
aps maintained or improved the overall accuracy and the kappa

oefficient: overall accuracy of 92.5% in the image from 1979, 93.1%
n the image from 1989, and 95.2% in the image from 2002; the
appa coefficients were 0.93, 0.91 and 0.96 for the same images
espectively. However, the results for the image of 1979 did not
mprove with that filter application. The application of other filter

indows (1 × 3 and 3 × 1) was also tested but the kappa coefficient
emained at 0.93 while the overall accuracy only slightly improved,
rom 92.2% to 92.6% (Appendix B). The lower impact of the mode fil-
er application on the image from 1979 is likely due to the referred
onversion of the pixel size from 57 to 30 m. This procedure led to
multiplication of the values from the original pixels that favoured
reduction of the noise produced in the classified maps. Differ-

ntly, the filter application to the classification maps obtained for
he images of 1989 and 2002 increased the percentage of pixels
orrectly classified in the validation areas. The exception was the
annual crops” class, probably due to the small number of pixels
er patch in this class associated with a small size of related crop
elds.

The percentage of pixels correctly classified in the validation
reas was higher than 80% in all classes and images, which can
e considered satisfactory (Keuchel et al., 2003). Therefore, results

ndicate appropriate accuracy for the intended analysis. The final
lassification maps (with a 3 × 3 mode filter) resulting from the
lassification of the images are shown in Fig. 2.

The areas per class derived from the Landsat images classifi-
ation (mode filter 3 × 3) were computed (Table 3). Results show
hat the landscape of Montalegre is mostly occupied by shrublands
nd heathlands, which characteristically occur in the common
ands (“baldios”). Between 1979 and 2002, meadows increased by
pproximately 7600 ha and annual crops decreased by approx-
mately 3300 ha. These are the vegetation classes with greater
hanges (Table 3). It is likely that most of those cropped areas were
onverted into meadows (Appendix C).

Forest classes estimated from image classification show a small
ncrease between 1979 and 2002 (12,365 and 13,057 ha, respec-
ively); however, there was a clear decrease in 1989 (8996 ha,
able 3). When both deciduous forests and evergreen forests classes
re analysed individually, the area of evergreen forests slightly
ecreased (−728.9 ha).

Most of the area of sparse vegetation, open heathlands, closed
eathlands and low shrublands is included in the common lands
“baldios”). The area of sparse vegetation, closed heathlands and
ow shrublands has shown only a small variation between 1979 and
002, corresponding to a coefficient of variation <0.08. The classifi-
ation results for the class of open heathlands shows an increase of
round 3700 ha between 1979 and 1989 and a decrease of 6233 ha
etween 1989 and 2002 (Table 3). This might be due to the con-
ersion of private lands of this class into other classes of shrub
egetation (Appendix C) following changes in the traditional graz-
Please cite this article in press as: Pôças, I., et al., An evaluation of changes in
sensed data. Landscape Urban Plan. (2011), doi:10.1016/j.landurbplan.201

ng activity in common lands (Santos and Aguiar, 1995) or due to
he ecological succession processes.

The highest coefficients of variation refer to the water and bare
oil/rock classes, with 0.38 and 0.58, respectively (Table 3). The dif-
erences between 1979 and 2002 are likely to be related with the
Fig. 2. Final classification maps derived from Landsat images from April 30th 1979,
March 14th 1989 and May 29th 2002.

water level in the dam reservoirs that exist in Montalegre. They
refer directly to the area occupied by surface water and to the area
of reservoir margins, which are classified in the bare soil and rock
class (Appendix C). This relation is particularly evident for the image
classification results of 1979 and 1989: in 1979 the larger water area
(3045 ha) is associated with the smaller area of bare soil and rocks
(621 ha), while in 1989 an area of 1374 ha of water is associated
with 2551 ha of bare soil and rock.

4. Discussion and conclusions

This study assessed the temporal landscape changes in a moun-
tain region of Northeast Portugal between 1979 and 2002. The
impacts of the demographic fluxes and agricultural policies during
this period on those changes are discussed.

The separability results among the classes selected to charac-
terize the landscape and the accuracy obtained over the training
and validation areas indicate a good adequacy of the classification
procedures implemented. Broadly, the Landsat images dates con-
sidered for the study (from late winter until middle spring) allowed
for the differentiation between classes. Nevertheless there were
some problems in differentiating between classes whose charac-
a mountainous rural landscape of Northeast Portugal using remotely
1.02.030

teristics and vegetation conditions are similar in the period of the
year studied.

The areas of meadows and annual crops in the Landsat-derived
maps were in agreement with the statistical data from the agri-
cultural census (Fig. 3). However, there is a discrepancy on the

dx.doi.org/10.1016/j.landurbplan.2011.02.030
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Table 3
Evolution of total area per class obtained by the supervised classification over April 30th 1979, March 14th 1989 and May 29th 2002 Landsat images and corresponding
coefficient of variation per class.

Classes Total area per class Variation 1979–2002

1979 1989 2002a (ha) %

(ha) % (ha) % (ha) %

Bare soil/rock (BS) 620.6 0.6 2551.3 2.5 2301.3 2.2 1680.8 73.03
Low shrublands (LS) 21,884.9 21.2 22,791.4 22.1 21,139.4 20.5 −745.6 −3.53
Closed heathlands (CH) 17,302.4 16.8 15,075.7 14.6 15,329.1 14.9 −1973.3 −12.87
Sparse vegetation (SV) 10,194 9.9 9386.5 9.1 9215.5 8.9 −978.6 −10.62
Open heathlands (OH) 21,144 20.5 24,855.4 24.1 18,622.2 18.1 −2521.8 −13.54
Deciduous forests (DF) 5133 5.0 3148.7 3.1 6554.3 6.4 1421.4 21.69
Evergreen forests (EF) 7231.6 7.0 5847.7 5.7 6502.7 6.3 −728.9 −11.21
Meadows (MW) 5069 4.9 8400.6 8.2 12,663.6 12.3 7594.7 59.97
Annual crops (AC) 10,877 10.5 8939.8 8.7 7581.7 7.4 −3295.4 −43.46
Urban area (UA) 729.4 0.7 672.1 0.7 839.3 0.8 109.9 13.09
Water (WT) 3045.1 2.9 1374.4 1.3 2232.4 2.2 −812.7 −36.41
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a The Landsat7 ETM+ image from May 29th 2002 included 300 ha of area covered

rea of meadows obtained by the 2002 image classification and by
he agricultural census of 1999 (INE, 2001), although both indicate
n increase in the area of meadows. This difference is most likely
ue to a change in the interpretation of terminology regarding the
eadows crops when they are poorly managed (without irriga-

ion, drainage, fertilization, and/or other management practices)
nd may show signs of abandonment and high risk of sponta-
eous re-colonization; the agricultural census from 1989 recorded
98 ha of meadows with poor management while the census of
999 show that this value increased to 13,755 ha. Nevertheless, the

ncrease of the meadows area for the period between 1979 and
002 observed by image classification results relates well with the
bserved increase in livestock: the number of bovines was 11,820
n 1979, and increased to 12,429 in 1989 and 14,159 in 1999 (INE,
001).

The analysis of the mountain rural landscape dynamics between
979 and 2002 showed a great increase of the meadows area
nd a decrease of annual crops. These results highlight the
mpact of several measures implemented in the region during
he period considered, particularly various agro-environmental

easures introduced after the CAP reform of 1992. One of these
easures refers to the conservation of mountain semi-natural
Please cite this article in press as: Pôças, I., et al., An evaluation of changes in
sensed data. Landscape Urban Plan. (2011), doi:10.1016/j.landurbplan.201

rrigated meadows (“lameiros”). In this region, the meadows are
ostly represented by “lameiros” (92%) as confirmed by field

urveys data (Vieira et al., 2000). The allocation of subsidies for
lameiros” conservation through agro-environmental measures
Measure 1.2.3 following the Regulation (CEE) 2078/92 and Decree

ig. 3. Evolution of the meadows and annual crops areas in Montalegre according to the
ensus from 1979, 1989 and 1999 (INE, 2001).
100 102,981 100

ouds which are not attributed to any of the 11 classes considered in the table.

85/98, and Measure 33 in the Decree 475/2001 DR108 II Serie)
very likely had a great impact on increasing the meadows area
and consequently on the landscape mosaic. Furthermore, other
agro-environmental measures were adopted to motivate livestock
production, particularly related with conservation of autochthon
bovine breeds (Measure 18 from Regulation (CEE) 2078/92 and
Measure 51 in the Decree 475/2001 DR108), including the certifi-
cation of meat produced by the autochthon bovine breed “Barrosã”
(Order 18/94, DR II Serie). These measures also favoured the conser-
vation of common lands and similar private lands used for livestock
production.

Differently, the area of annual crops decreased during the same
period (Fig. 3). Data from the agricultural census, show that the area
cropped with rye decreased by 43% between 1979 and 1999, and the
area cropped with potato decreased by one third in this period (INE,
2001). These decreases in rye and potato cropped areas are related
with the loss of economical competitiveness of both crops; in case
of potato it was earlier produced for seed but certification require-
ments in agreement with the Common Agricultural Policy (CAP) led
to the abandonment of this production by most farmers (Bernardo
et al., 1992). The decline in cropped areas also relates with both
population decrease and ageing, which led to a decrease of labour
a mountainous rural landscape of Northeast Portugal using remotely
1.02.030

availability for those crops. These conditions, together with the sub-
sidies referred above favoured the conversion from annual crops
into permanent crops, mostly “lameiros”. In fact, between 1979 and
1999, the rural population decreased from 14,309 to 7328 individ-
uals, i.e. nearly 50%, and the percentage of population older than

Landsat image classification results (1979, 1989 and 2002) and to the agricultural

dx.doi.org/10.1016/j.landurbplan.2011.02.030
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5 years increased from 28% to 42%, while the younger population
<34 years) decreased from 50% to 34% (INE, 2001). Depopulation
nd ageing are largely due to lack or failure of regional policies to fix
opulation in mountain areas and to create jobs in the surrounding
reas.

The referred decline in annual crops also results from the rel-
tive decrease of commodities prices when compared with the
ncrease in costs of production factors. Thus, farmers replace arable
and by these permanent meadows (“lameiros”) and opt for meat
roduction. Data on increase of bovine livestock confirms this
ssumption. This trend towards the substitution of annual crops
y permanent meadows could indicate a trend for land use and

andscape to become more monotonous, as occurring in other
editerranean mountain areas (Tasser et al., 2009). Calvo-Iglesias

t al. (2008) also reported on the development of permanent pas-
ures at the expense of arable land in Northern Galicia (Spain)
ollowing the change of the traditional subsistence mixed farming
ystems to an agriculture based on cattle production. According
o these authors, this change was an effect of some CAP subsi-
ies application. Similar trend was also observed in the Pyrenees
France), with the substitution of crop fields by meadows (Mottet et
l., 2006). Differently, other Mediterranean mountain landscapes,
.g. the Italian Central Apennines, show a decline of the extensive
griculture and a reduction of meadowlands mainly due to land
bandonment followed by scrubland and later woodland recov-
ry (Pelorosso et al., 2009; Romero-Calcerrada and Perry, 2004).
he woody vegetation is considered to be the endpoint of sec-
ndary succession in these ecosystems (Rocchini et al., 2006). These
ifferences in the landscape changes in various mountain areas
f Europe are likely related with regional and local agricultural
olicies.

The results indicate a prevalence of classes associated with
ommon lands (“baldios”) – sparse vegetation, open and closed
eathlands and low shrublands – that are traditionally used in
his region for livestock grazing in complement of “lameiros”. The
nventory of “baldios” (updated between 2006 and 2009) estimated
heir area as 45,000 ha. This area is smaller than the area assigned to
hose classes through the classification results for 2002 (64,306 ha).
owever, those classes relate not only to common lands but also

o private lands, which were not considered in the common lands
nventory, and usually neither in the agricultural census. The “bal-
ios” are explored in a communitarian regime by the neighbours of
ach village, in order to provide grass (livestock grazing), firewood,
ushes, and forest resources. Therefore their management depends
n local decisions, making difficult to identify a global trend for the
egion. As referred above, the measures favouring autochthon cattle
nd related certified meat also favoured the conservation of those
ypes of vegetation.

Broadly, the classification results for the forest areas have shown
slight increase between 1979 and 2002. Data from the agricul-

ural census of 1979 record an area of forests of 13,174 ha, thus
lose to data obtained from remote sensing. However, data of cen-
us of 1989 and 1999 are very different, respectively 5381 ha and
310 ha (INE, 2001). The land use map derived from the CORINE
and Cover 2000 presents an area of forests of 16,337 ha (EEA,
000), which is closer to estimations from image-based classifi-
Please cite this article in press as: Pôças, I., et al., An evaluation of changes in
sensed data. Landscape Urban Plan. (2011), doi:10.1016/j.landurbplan.201

ation than that obtained in the census. In addition, data from
he forestry inventory from 1995 to 1998 refer to approximately
6,500 ha of forestry stands, thus indicating an underestimation
f forest area in the agricultural census of 1989 and 1999. A dis-
greement between different sources of data was also observed by
 PRESS
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Pelorosso et al. (2009) when comparing data on forest area derived
from statistical census and from CORINE CLC2000 and CLC1990,
which was attributed to discrepancies in methodologies. The low
estimates for the forest area obtained for 1989 may be explained
by the fact that the image is from end winter, 14th March 1989,
when young forest stands and deciduous forests were more dif-
ficult to separate from shrub vegetation. Moreover, the lack of
homogeneity in stand types and the effects of topographic shad-
ows associated to mountain areas also contribute to the difficulty
in distinguishing forest classes as pointed out by Millette et al.
(1995). The classification results for the forest areas may also be
related with the agro-environmental measures for the mainte-
nance of abandoned forest areas and the preservation of areas with
autochthon trees (mainly oaks and riparian species) and shrub
species (Regulation (CEE) 2078/92 and Decree 85/98). However,
the impact of these measures is smoothed by the forest fires that
often occur in this region: between 1989 and 2001, fire devastated
4560 ha of forest, particularly in 1996 (1464 ha) and 2000 (1068 ha)
(DGRF, 2008).

The overall classification results suggest a trend for extend-
ing livestock production and consequent farming specialisation
for meat production of “barrosã” cattle in Montalegre, which
may constitute an activity of great interest to boost the econ-
omy of this mountain region if supported by efficient strategies
for population fixation and rural development policies. Tourism
may also play a positive role since the landscape mosaic attracts
many town people to walk through the mountain and nature
trails.

Data obtained with this study provide a clear picture of the
changes occurring in this mountain traditional landscape for three
decades. Several issues are identified as the main driving forces
of those landscape changes. This information can be a useful tool
for the planning and development of regional plans aiming at the
conservation of this landscape of great cultural value.
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Appendix A. Histograms of the bands 2, 3, and 4 from (a)
Landsat5 TM image (March 14th 1989) and (b) Landsat7
ETM+ (May 29th 2002)
a mountainous rural landscape of Northeast Portugal using remotely
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ppendix B. Overall accuracy (in percentage values) and kappa coefficient results over the validation areas for the
andsat-derived maps, with and without filter application

Image date Without filter Filter 3 × 3 Filter 1 × 3 Filter 3 × 1

Overall
accuracy

Kappa
coefficient

Overall
accuracy

Kappa
coefficient

Overall
accuracy

Kappa
coefficient

Overall
accuracy

Kappa
coefficien

April 30th 1979 92.59 0.93 92.54 0.93 92.63 0.93 92.15 0.93
March 14th 1989 92.12 0.88 93.14 0.91 92.60 0.90 92.46 0.91
May 29th 2002 92.78 0.94 95.20 0.96 94.34 0.96 94.48 0.95

ppendix C. Transition matrix for 1979–2002 period (values in hectares)

WT BS UA MW AC EF DF SV OH CH LS

WT 2182 450 5 31 50 11 18 65 138 53 43
BS 0 256 18 11 39 5 25 141 59 41 26
UA 0 23 372 29 51 5 41 65 60 44 48
MW 0 79 116 2826 646 73 493 112 136 393 195
AC 0 159 274 3336 2438 155 1339 559 512 1649 456
EF 46 30 12 166 94 2301 113 219 1130 385 2735
DF 0 26 76 265 209 106 1554 279 529 1643 446
SV 0 712 67 237 812 88 239 3754 2682 891 711
OH 7 338 51 573 1005 748 614 2611 7239 2649 5308
CH 0 83 59 1906 990 919 1787 627 2492 4822 3617
LS 1 114 61 2686 594 2910 1234 705 3491 2748 7341

old values represent the area per class that remained unchanged between 1979 and 2002.
W: meadows; AC: annual crops; SV: sparse vegetation; CH: closed heathlands; LDS: open heathlands; LS: low shrublands; DF: deciduous forests; EF: evergreen forests;

S: bare soil/rock; UA: urban areas; WT: water.
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