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RESUMEN

Dada la creciente importancia de los mapas de
usos y coberturas, se considera de gran utilidad el
realizar una evaluacion de los beneficios y des-
ventajas del uso de imagenes de satélite de mejor
resolucion espacial o espectral, de cara a la me-
jora de ciertas metodologias. En este trabajo se
presenta la comparacion de clasificaciones de la
provincia de Madrid (Espafa) realizadas a partir
de imagenes AWiFS (Advanced Wide Field Sen-
sor) y MERIS-FR (MEdium Resolution Imaging
Spectrometer — Full Resolution). El algoritmo de
clasificacion empleado fue el de méxima proba-
bilidad para lo que se usaron areas de entrena-
miento basadas en datos procedentes del
Inventario Forestal Nacional y del CORINE
Land Cover 2000. La clasificacion a partir de la
imagen AWiFS fue mas laboriosa obteniéndose
una precision global un 10% mayor que en el
caso de MERIS-FR. Sin embargo, para ciertas
clases como la de bosque caducifolio, la mejor
resolucion espectral de MERIS-FR supuso una
ventaja. Queda en mano de los investigadores de-
cidir si los mejore resultados obtenidos con
AWIFS compensan el mayor coste de las image-
nes y el mayor esfuerzo de procesado.

PALABRAS CLAVE: IRS-AWiFS, ENVISAT-
MERIS, clasificacion supervisada, mapas de
usos y coberturas, CORINE Land Cover, inven-
tario forestal.

ABSTRACT

As global land use — land cover mapping has be-
come of great importance, an evaluation of the
benefits and disadvantages of using satellite data
with either increased spatial or spectral resolution
would be adequate for the improvement of me-
thodologies. This paper describes the comparison
of AWiFS (Advanced Wide Field Sensor) and
MERIS-FR (MEdium Resolution Imaging Spec-
trometer — Full Resolution) -based classifications
of the Spanish province of Madrid. Maximum Li-
kelihood Supervised Classification was perfor-
med using training areas based on data coming
from the Spanish National Forest Inventory and
from the CORINE Land Cover 2000 data bases.
The classification process with AWiFS was more
laborious than with MERIS-FR but the overall
accuracy could be increased by 10%. For some
surfaces such as deciduous forests, the high spec-
tral resolution of MERIS-FR might be an advan-
tage. Researchers will have to decide if the better
results obtained with AWiFS compensate for the
higher cost of the images and the more effortful
processing.

KEYWORDS: IRS-AWiFS, ENVISAT-MERIS,
supervised classification, land use — land cover
mapping, CORINE Land Cover, forest inventory.

Revista de Teledeteccion. ISSN: 1988-8740. 2008. 30: 85-91

85




F. Gonzélez,S. Kaiser, S. Merino, M. Huesca, A. Roldan, J.M. Cuevas y G. Ventura

INTRODUCTION

In times when many countries are concerned about
the reduction of CO, and other greenhouse gases to
satisfy the requirements of the Kyoto protocol, the
availability of updated cartography at different sca-
les becomes more and more important. International
organizations such as the European Space Agency
(ESA) are involved in global projects that aim to
provide these products to decision and policymakers
all over the world. One of the most determining pro-
jects is the currently running European GLOBCO-
VER project (DUP-ESA, 2006). The objective is to
develop a service which will produce a 300m global
land cover map for the year 2005 using mainly full
resolution data acquired by the MERIS (Medium
Resolution Imaging Spectometer) sensor on-board
ENVISAT (Joint Research Centre — Terrestrial Ecos-
ystem Monitoring, 2006).

As the medium spatial resolution of MERIS-FR
(Full Resolution) products may restrict the process
of obtaining high-quality end-products in some
cases, other satellite-derived data with increased spa-
tial resolution, such as the ones acquired by the Ad-
vanced Wide Field Sensor (AWiFS) of the Indian
RESOURCESAT-1 (National Remote Sensing
Agency, 2006) should be tested for their aptitude to

produce high-quality land use - land cover (LULC)
maps with a reasonable effort in terms of time and
money. Benefits and disadvantages of using satelli-
tes with either increased spatial or spectral resolution
have to be evaluated in the future to refine methodo-
logies for LULC mapping.

As a first step in this direction, the classification
described in this paper aims to supply information
about pros and contras of using satellite data with
different spatial and spectral resolution for the crea-
tion of forest or LULC maps at any scale for resear-
chers and decision makers dealing with this issue.
For that purpose, a classification based on an AWIFS
image of the Spanish province of Madrid was perfor-
med and the results were compared with previous
classification results for MERIS-FR data.

STUDY AREA

The Spanish province of Madrid (figure 1) compri-
ses 8022 km? including the metropolitan area of
Madrid in the centre surrounded by evergreen broa-
dleaved forests (Quercus ilex) and shrublands, culti-
vated and sparsely vegetated areas in the South-East
and the Sierra de Guadarrama with its evergreen and
deciduous forests (Pinus sylvestris, Quercus pyre-
naica etc.) in the North-West.
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Figure 1. The province of Madrid (grey) situated in the centre of Spain
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MATERIAL

The material used for the present work belongs to
three main categories: (i) remotely sensed images
(spaceborne products and aerial orthophotos), (ii)
field data and (iii) reference cartography.

(1) The image chosen for classification was acqui-
red on August 22, 2005 by the 10-bit AWiFS sensor.
A land cover mapping product based on a medium-
resolution MERIS-FR image (ESA, 2006) develo-
ped by Garcia-Gigorro et al. (2007) was used for
comparison with the results obtained with AWiFS
data (table 1). Orthophotos of the province of Ma-
drid provided by the SIGPAC Website of the Mi-
nistry of Agriculture, Fishing and Food (MAPA,
2006) were reviewed to validate the Regions of In-
terest (ROIs) defined in the classification process.

spatial
Senzor  resolutionat  band:  cpectralcoverage swath-width
nadir
AWTFS 60m 4 0,52t0 1,70 pm 740 kem
MERIS 300m wptold  03%0 L04pm 1150km

Table 1. Characteristics of AWIFS and MERIS sensors
(Euromap, 2006; ESA, 2006).

(i1) Field data came from the Third National Forest
Inventory’s (3-NFI) database (Ministerio de Medio
Ambiente, 2004) that supplies detailed information
on Spanish forests. Several forest and environmental
parameters are measured every ten years at perma-
nent sample plots located on the ground according to
a regular net all over the country.

(iii) Reference cartography for the selection of
ROIs was compounded by 3-NFI maps for forest
classes (needleleaved forest, broadleaved forest,
mixed forest and closed forest — shrublands) and the
CORINE Land Cover 2000 (CLC2000) product for
the remaining land cover classes considered. The
aim of the European CLC2000 project is to provide
land cover information that should be of homogene-
ous quality, strictly comparable for all the countries
involved and susceptible to be updated periodically
(CORINE, 1993). The maps are at a 1:1.000.000
scale with an accuracy of at least 100m for all Euro-
pean products and the minimum mapping unit is
25ha (Instituto Geografico Nacional — Espafia,
2004).

METHODOLOGY

The original AWiFS image was re-projected from
its original Lambert Conformal Conic to the UTM-
30N-WGS84 coordinate-system and a subset con-
taining the province of Madrid was obtained.
Maximum Likelihood Supervised Classification
(MLSC) was performed. MLSC requires a priori
knowledge of the considered LULC classes. In the
present work, two cartographies were used as
ground truth for both training and validation purpo-
ses: the 3-NFI maps for forest classes and the
CLC2000 map for non-forest classes, as for this pur-
pose it is the most accurate product available.

The classification process was divided into four
phases: (i) legend definition, (ii) delimitation of
ROIs for training and validating, (iii) supervised
classification and (iv) accuracy analysis of the re-
sults.

(i) Legend categories were defined based on the
European Global Land Cover 2000 (GLC2000)
LULC products (Joint Research Centre, 2006) since
they are FAO-based, facilitating therefore the com-
parison of the obtained results with other available
cartographies. 3-NFI and CLC2000 classes were as-
sembled to make up each of the GLC2000 catego-
ries, as shown in table 2.

(i1) Concerning the forest categories, ROIs were
delimited on homogeneous areas on or near the
ground plots locations of the 3-NFI. For that pur-
pose, around 10% of the 3-NFI ground plots loca-
tions were selected by systematic sampling. Plots
locations were checked at the SIGPAC Website
(MAPA, 2006) and the ROIs that resulted to be of a
land cover type that did not agree with reference car-
tography were discarded. By doing this, the number
of ROIs considered for each forest category decrea-
sed although it increased their quality. At the end,
we accounted for a number of ROIs per class that
varied between 15 and 30 of around 15 pixels each.
In the case of broadleaved forests, the classification
was performed using three subclasses (deciduous,
closed evergreen, scattered evergreen) that were
combined afterwards. For non-forest categories we
delineated between 30 and 50 ROIs per class, using
the CLC2000 map as a base.

(ii1) MLSC was performed with all four AWiFS
bands. In a first step, the classification algorithm was
trained using 50% of the delineated ROIs, using the
remaining 50% ROIs for validation. In a second
step, and provided that the first classification had re-
sulted accurate enough, the classification algorithm
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reference
CLC-based lepend Deseription according to referanc e cartography
CDBF : : ; R g
, In 8 pain decidoous and everpreen species. Species in Madnd: Ousreus
(Closed Deciduous ilax, Quarec icex, Popni ; e 3-MNFI
LS FVISREC s rigra, Fraxirus s
Bmadleaved Forest) - - - "
MF8
(Mixed Closed Forest and Arbaorescent matorrals of 3-19% crown cover density. 3-NFI
Shwbland)
CENF
(Closed Evergreen Pirus sylvestris, Pirus pinaster, Pirus pinsa, Pirus halspensis 3-INFI
Needleleaved Forest)
v Pi i ith O ilex or O fasi Juniperus ith
(Mixed W e mu;_mmaw1o_rsmr.:-rha::l_;grm : spp. Wi 3 NFI
B ved Forest) Qusrews i Jor O.pyvrengica
e Erigated amable land (vineyards, fruit trees & berry plantations, olive
; grows, annual crops assoctated with permanent crops, complex
Itivated and Managed CLC2000
Wl Frvieaied a cul tvation pattems  land prina pally cccspied by agricolivre with
e Tgdeat) stgnificant areas of natural vegetation)
N Non-mgated amable land (vinevards, fruittrees & bemy plantations,
aliv al iated with t
(il ol T welg;rm.vg,anml crops as&.nﬂ.a wit permanen mpg,cmtplex
T cul tivation pattems land prind pally occupied by agricoltore with
araas, Non-irngated) L -
significant areas of natural vegetation)
G
Watural Grassland CLC2000
(Grassland)
Uthban areas: conhnuous or discontinoss urban fabrie, mdustrial or
UA camercial vnits, road and @il networcs and associated land, airports,
(Urban arsas) mineral extrachon sites, domp sites, cons truchon sites, green nrban
areas
e M & heathland, sclerophyil t CLC2000
(Closed § hrubland) oars ; lous vegetations

Table 2. Description of the GLC-based legend used for the classification of the AWiFS and MERIS Images.

was trained using 100% of the delineated ROls.

(iv) The accuracy analysis of the first classification
was performed using those ROIs that had not been
used for training, as mentioned before. The second
classification was analysed using the same ROIs that
had been used for training. This second step was
done supposed that the accuracy would be higher or
at least equal to the classification trained with 50%
of the ROIs.

The latter classification was finally compared to
the 3-NFI and CLC2000 maps and with a MERIS-
FR-based classification of the study area performed
by Garcia-Gigorro ef al. (2007). The methodology
employed to obtain the MERIS-FR product was si-
milar to the one described in this work.

RESULTS AND DISCUSSION

Nine LULC classes were considered for the pro-
vince of Madrid. The classes are mentioned in the
legend of figure 2 and explained in more detail in
table 2. Figure 2.1 shows the two land cover maps to
be compared for the province of Madrid — the one
based on AWIFS data (A) and the one based on
MERIS-FR imagery (B). Figure 2.2 shows the
AWIFS classification in comparison with the 3-NFI
and CLC2000 reference cartographies. Table 3 pro-
vides an overview of land cover class surfaces for
all the three products.

The overall and class accuracies for the classifica-
tions based on AWIFS and MERIS, using 50% of
ROIs as trainers and 50% for validation, are compi-
led in table 4.
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Madrid

Figure 2.1 Comparison of two classifications of the province of Madid based on different satellite-
data: A, AWIFS BE. MERIZ-FR

Figure 2.2 Comparison of the AWIFS-based classification of Madnd (4) with the two reference
cartographies: IFN 3 (B) for forest cathegoties and CLO00 (C) for the remaining,
Cathegories of European GLC2000 Legend for Madrid

B Closed Eroadlesred forest [ CDEF*) 0 sl (3)

[ Mied closed forest wmd Shnablad (MFS) [ Thban areas (TTA)
I Closed emerzreer vieedledeared farest [ CEMF) B Closed shotblad (C5)
B Miicedneedleleared md broadleared forest (M F) I Coltirated and managed areas. non- imigated (S hi N

B Cultirated wd Muged avens, Frigated | CMI)
=*Original cathegory: chosed deciduons bmadlesred fovest. In Spam, deciduons and evergeen Bmadle sved fovest.

Figure 2. Classification results for AWiFS and MERIS_FR data and comparison with reference maps.

AWIFS claz=ification bazed MERIS claz=ification

Clazz CL CZ000 3-NFI
o [FN&CLC baszed on IFN& CL.C

CDEF 1417 1535 6,79 19.60
MFS 582 6,11 10,30 3,14
CENF 679 8,62 559 8,50
MF 634 7,96 0350 242
CMI 339 4,72 450 =
CMM 3149 1891 2635 =
G 10,58 1856 13,78 x
Ua 1447 9.53 11,93 x
3 645 847 13,91 x
water reasked 0,75 037 x

Table 3. Comparison of relative class surfaces (%) for different cartographies. For 3-NFI forest cartography, non forest sur-
faces are not considered.
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AWIES MERIS
overall accuracy = 74,66 % overall accuracy = 63,33 %%

Eappa =070 Eappa =038

Claze FA A CE FA OE A
CDBF 46,64 49,02 50,98 66,15 33 85 78.45 35
LIFE 45,00 70,00 952 90,48 741 2,59
ENF 30,58 90,48 952 70,42 19,58 62.04 37,96
WIF 43,48 5 5,37 8113 690 93,10 526 94,74
£ 98 42 E 95,35 144 87.07 12,93 92 65 734
CAIN 8847 9143 833 8995 10,05 14 5
G 77.61 21,39 62,40 37,60 45,03 34,93 50,51 43,43
UA CERIT 5;95 95,33 4;55 9423: *:"_9 39;5: :-;49
C3 0.3 69,46 37.0 4257 28.57 7143 2414 3,86

Table 4. Comparison of the accuracy of the two classifications for the province of Madrid. PA= producer accuracy,
OE= omission error, UA= user accuracy, CE=commission error (all in %).

To consider not only class accuracies but also class
areas to determine the overall accuracy, a weighted
overall accuracy was calculated:

Weighted overall accuracy = S PAi« Cd;

Being PAi the Producer Accuracy for class i and
CAI the proportional Class Area for class i, ranging
from 0 to 1. The producer accuracy is a measure in-
dicating the probability that the classifier has labe-
lled an image pixel into class j given that the ground
truth is class j, and it is usually expressed as a per-
centage. The resulting weighted overall accuracy is
also expressed as a percentage. Weighting the ove-
rall accuracy made it decrease from its original 74,66
% to 72,11 %, in the case of the AWiFS-based clas-
sification and from its original 65,55% to 61,54%,
in the case of the MERIS-FR-based classification.

Due to the relatively high spatial resolution of
AWIFS, areas inside the patches defined by the refe-
rence polygons for a particular class may be relati-
vely heterogeneous on the remotely sensed image —
a fact that makes the selection of representative
ROIs more difficult. This occurs specially in the
case of the urban areas, a class that according to the
CLC2000-definition includes spectrally different
surfaces such as constructed areas or urban parks
that are not put together in the same category in the
final classification product. Depending on the cha-
racteristics of the area to classify, this might be a di-
sadvantage of using images with a relatively high

spatial resolution for mapping.

In the process of mapping, a conflict between sate-
llite imagery and reference cartography arises.
When performing a supervised classification of re-
motely sensed data, a land cover map composed by
spectrally distinguishable classes is obtained, whilst
reference products provide land use classes. As an
example, 31,42% of the study area is classified as
“Cultivated, non irrigated areas”, being this class a
mixture of what in reality is shrub lands, cultivated
areas, grassland and bare soil — all spectrally similar
but managed in a different way. The bare soil class
does not appear in the classifications, as it is not re-
presentative according to the CLC2000 layer. Some
areas with bare rocks are included in the urban areas
class, as the surfaces’ spectral responses are similar.

What are the benefits of using satellite data with
high spatial resolution (AWiFS) rather than high
spectral resolution (MERIS-FR)? The AWiFS-pro-
duct provided higher accuracies for most of the clas-
ses. The most significant exception is the category
deciduous forests where better results were achieved
with MERIS. For that kind of photosynthetically ac-
tive surfaces it may be more adequate to rely on high
spectral resolution data, such as the ones provided
by MERIS-FR, rather than high spatial resolution in-
formation.

An increase of 10% of the overall accuracy is achie-
ved with AWIFS, but the task of image-classifying
compared with MERIS-FR is more effortful as the
extra detail of the image also increases the hetero-
geneity inside the LULC class areas suggested by
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reference cartographies. The lower cost of MERIS-
FR imagery has to be taken into account as well.

CONCLUSIONS

The results reached so far suggest that AWiFS ima-
ges as a good source of information for land cover
mapping. Nevertheless, although accuracies obtai-
ned for AWIFS classifications are higher, MERIS
data may be more adequate for some types of surfa-
ces. If a forest map is to be developed at European
scale, the characteristics of each country’s land cover
types have to be carefully analyzed to determine
whether it is worth assuming the higher cost and
more laborious process of using AWIFS instead of
MERIS-FR to reach the proposed goals.

Important differences appear when comparing the
classification product with the reference data, mainly
due to the conflict land use vs land cover classes and
the difficulty to achieve compatible legends. It
would be useful to reach an agreement for the use of
a global land use and land cover legend. Classes
should be adaptable to the specific characteristics of
the different countries involved in global scale pro-
jects.
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