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ABSTRACT _

KANDUS, P.; KARSZENBAUM, H., and FRULLA, L., 1999. Land Cover Classification System for the Lower Delta
of the Parana River, Argentina : Its Relationshi p with Landsat Thematic Mapper Spectra l Classes. Journa l ofCoastal
Research, 15(4),909-926. Royal Palm Beach (Florida), ISSN 0749-0208.

The Lower Delta of The Parana River is a tida l freshwater wetland. The land cover characteristics of the Lower Delta
of the Para na River were determined by its hydrologic regime, the geomorphologycal patterns of the islands, and the
human activity developed in the region. This paper addresses the development of a conceptual land coverclassification
scheme and its relationship with classes derived from LandsatlI'M satellite imagery. First, a specificconceptual land
cover classification scheme is presented based on the definition of delimitation and characteriz ation variables . The
regional conceptual classification scheme developed was intended to facilitate comparisons with other systems, and
to simplify the use of sate llite imagery for land cover map production. Next, the resulting "information classes" were
associated to "spectra l" classes using a layered classification approach based on the application of an unsupervised
classification procedure to a set of multi temporal LandsatlI'M imagery. In each step, the spectral classes were subject
to careful labeling and recoding based on field work and aerial photography . The final land cover map obtained is the
result of combining the different thematic layers obtained. The resulting overall classification accuracy was on the
order of 83%. A thorough discussion of the results is presented , where some of the characteristics of this complex area
are highlighted together with the advantages and disadvantages of using satellite imagery for this type of product.

ADDITIONAL IND EX WORDS: Satellite remote sensing, vegetation mapping, coastal ecosystems.

INTRODUCTION

The Delta of the Parana River is one of the most im portant
wetland systems in Argentina and South America. It extends
along 300 km through the te rmi nal portion of the De la Pla ta
Rive r basin and it covers 17,000 km", The Lower Delta whic h
covers approximately 2,700 km2 is characterized by newly
formed is lands directly connected to De la Plata River and
subject to its lu na r and wind ti des.

From the poin t of view of biodiversity, the delta is char­
acteriz ed by the coexistence of species from both subtropical
and temperate zones. In spite of these fea tures and its close­
ness to high ly populated cities (northern suburbs of Buenos
Aires city on one of its sides), no regional land cover map of
this region exists. Never theless , it is recogn ized worl dwide
that inventory and monitoring of wetla nds a re essential pro­
cedures for managem en t and conservation goa ls . It is also
known that a land cover classification scheme is a critical
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step toward these goal s. Th erefor e, many studies about wet­
lands address this need .

There are several imp ortant issues in definin g a regional
land cover classification scheme . First, the scale in which the
classification scheme was a pplied should be defined . This
subject has received close attention in recen t years since eco­
systems may be defin ed over a range of scales, from an in ­
dividualleafup to the whole bios phe re (ALLEN and WILEYTO,
1983; O'NEILL, 1989; PICKET and WHITE, 1985). Second, the
idea abo ut the discreteness of ecosystems , in particul a r of
pla nt communities, constitutes, eve n today, a controversial
poin t among ecologists (KENT and COKER, 1992; COLINVAUX,
1993 ). Third, it is useful to recall that in 1979 COWARDIN et
al. pointed out that it was not possible to set up a classifi­
cation scheme for a given region without imposi ng boundaries
to the ecosystem under study.

Differen t wetland classifications have bee n develope d ac­
cording to their vegetative life forms and species compos itio n
(MARTIN et al., 1953; SHAW and FREDINE, 1956; ANDERSON
et al., 1976). Others based on environme ntal forcing func­
tio ns , particularly the hyd rologic flow (GOSSELINK and
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TURNER, 1978; PRANCE, 1979). More recently, th e hydrogeo­
morphic conditions (BRINSON, 1993) have been used to define
a scheme.

During th e last two and half decades, sa tellite imagery has
proved successful in detecting a varie ty of types of wetl ands
(HARDISKY et al., 1986; RINGROSE et al., 1988; RUTCHEY et
al., 1994). One of the common classification schemes used
with remotely sensed data for wetl ands is tha t of COWARDIN
et al. (1979). KLEMAS et al. (1993), based on ANDERSONet al.
(1976) and COWARDIN classification schemes proposed the
one utilized by th e NOAA Coas twatch Change Ana lysis Pro­
ject.

Satellite remote sens ing uses information extraction tech­
niques, which rely on the ana lysis of multispectral reflectance
values and on th e association of th e resultant "spectral clas­
ses" with "informa tion classes" derived from conceptual clas­
sification schemes ba sed on field data and models (J ENSEN
et al., 1983) . Since digit al remote sens ing an alysis uses spec­
tral reflectance values, in general, as a un ique discriminating
parameter, classification schemes which employ information
variables that are directly related to reflectan ce values, are
more appropriate with remote sensi ng imagery . Spatia l char­
acteri stic s are also used as additional discriminating fea­
tures.

Wetland classification schemes based on vegeta tive cover
and/or soil features may ha ve dir ect application on land-cover
map production from remote sens ing data . However, products
derived from this kind of classification schemes are restricted
to a pa rticular ecosyste m, and th e comparison of data from
different regi ons becomes difficult. In st ead , classification
schemes ba sed on th e fun ctional proper ties of wetl ands, that
is, independent of th e biogeogr aphic distribution of species ,
are more suitable for region comparison and conceptual in­
terpretation of th e chan ges obse rved, but may not be spec­
trally separable (WEISSBLATT, 1977). Rather than dichotom­
ic, these two possible schemes cons t itute extre me options. An
intermediate approach may be desirable when satellite im­
agery is used . Even if th e vegeta t ion and/or soil typ es should
be used for charac te rizing spect ra l classes, an explicit con­
ceptual framework based on th e structura l and functional
comprehension of th e ecosys te m is desirable, parti cularly
within the field of landscape ecology.

The objectiv e of this paper was to propose a land cover
classification sche me of th e fronta l portion of th e Buenos Ai­
res Lower Delta of the Paran a River and to associate this
scheme with spect ral classes der ived from satellite imagery.
Th e classification scheme was based on the hydrologic regime
and th e degree of human intervention (historical and current )
which wer e cons idered the main forces tha t det ermine th e
spa tial heterogeneity of th e area. Features related to spectral
respon se of land cover classes were used as cha ra cterization
variables in th e scheme prop osed . Based on th e spect ral sep­
arability of these features, this study used Landsat Thematic
Mapper (TM) for discriminating th e land cover classes de­
fined in the conceptual classi ficat ion scheme . The sate llite
imagery classification approach was based on th e use of a
multitemporal TM set whe re three key dates were selecte d
tak ing into account th e phenological differ ences among land-

cover types. As a result, a land- cover map deri ved from sat­
ellite imagery was obtained and evalua ted.

Th is paper addresses two related subjects, th e first one
deals with th e development of a conceptua l classification
scheme, the second one describes th e type of an alysis applied
to the sa tellite images utilized.

THE PARANA RIVER DELTA REGION

The Paran a River Delta Region was defined by MALVAREZ
(1993; 1997) as an heterogeneous mosaic of landscap e pat­
te rns based largely on geomorphic conditions, and in the hy­
drologic regime. Land forms were der ived from past and pre­
sent processes of different origin such as fluvial ones and ma­
rine ingressions and regressions du ring the Holocene period
(IRIONDO and SCOTTA, 1979). The actua l hydrologic regim e
is det ermined mainly by th e dyn amics of th e Parana, Uru­
guay and De la Plata rivers (BONFILS, 1961; MINOTTI et al.,
1988).

The high landscape heter ogeneity, togeth er with moderate
climate conditions (mea n annua l temperature: 16.7°, annual
rainfall : 1,073 mm ) allow the coexist ence of subtropical line­
age and temperate latitude elements . Thi s combina tion re­
sults in peculiar wildli fe populations and veget ation com­
munity patterns as compared to other areas (RINGUELET,
1961; CABRERA, 1973).

Within thi s wetland syste m, only the termina l port ion,
which covers 2,700 km", is a delta in an aggrada tion phase
(lRlONDO and SCOTIA, 1979). Th is Delta , called Lower Delta ,
does not end up in th e sea, but in an estuary (De La Plata
River estua ry), and it differs from most sediment carrying
river s in that it fits to a complex estua ry-delta model (PARK­
ER and MARCOLINI, 1992).

Four landscape un its were defined in th e Lower Delta ac­
cording to flooding patterns, landscape elements and lowland
veget ati on (Figu re 1) (KANDUS and ADAMoLI, 1993; KANDUS,
1997). Units I and II have a complex landscape pa ttern,
where delta elements coexist with some of the upstream
floodplain and th e hydrologic regime is determined by th e
seas ona l Paran a River floods and by th e De la Plata tid es
(KANDUS et al., 1997a; KANDUS, 1997). Units III and IV in­
stead, are deltaic islands. Units III and IV hav e a common
geomorphic pattern , a hydrologic regime domin ated mainly
by moon and wind tides of De La Plata River estuary and, in
addition, natural commun ities corres pond genetically to a
primary success ion scheme (BURKART, 1958; BONFILS, 1961;
KANDUS, 1997). In parti cular, Unit III is formed by pan
sha ped islands with a perimetral levee and a centra l depr es­
sion. The islands are surrounded by water courses th at open
out like a fan from th e two main cour ses, th e Paran a Gua zu
and Paran a de las Palm as river s. Unit IV is th e prograding
portion of th e subae rial delta into th e De la Plata estuary.
Accordin g to cartographic documents, th e delta front has ad­
vanced at an average rate of 70 rn/yr over th e last 160 yea rs
(IRIONDO et al., 1979). Banks, bars and islands with primor­
dial levees were found. Different environmental conditions
and veget ati on communities have developed through a pri­
mary successio n process (BURKART, 1958; KANDUS et al.,
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Figure 1. Buenos Aires section of the Lower Delta of Paran a River, Argentina. I to IV indicate land scape units.

1997b). Units III and IV constitute the study area called
Frontal Delta.

The De La Plata River is primarily responsible for the reg­
ular flooding of the islands belonging to these two units. The
Parana and Uruguay rivers have less influence on flooding
regime. De La Plata river has a moon and wind tide regime
resulting in frequent but short floods (hours or days) (LATIN­
OCONSULT, 1972). Moon tides have 1 m of normal amplitude
(twice a day ) but southeast winds can raise the water up to
2.5 m over the mean value. In spite of the tide regime the
water is fresh. As a consequence, the study area might be
considered a tidal freshwater wetland, as defined by MITCH
and GOSSELINK (1993).

The dominant natural species of this area are all perennial,
and cover large areas as marshes. The dominant trees of the
secondary succession riparian forest are also perennial. A
large portion of the natural vegetation was replaced by Salix
spp. and Populus spp . afforestation. The first one begin s
greening up early in September and the second one in No­
vember. The only natural forest that remains in this region
is domin ated by seibo (Erythrina crista-galli) which is leafless
until the beginning of the summer (December).

METHODOLOGY

Basis of the Conceptual Classification Scheme

The conceptual classification scheme was based in the use
of variables of delimitation, these are, the degree of human
intervention, and the flooding regime in natural areas. These

variables were considered the main forcing functions which
determine the landscape heterogeneity. On the other hand,
variables such as floristic composition, vegetation structure
and soil type were defined as characterization variables. The
selection and use of delimitation and characterization vari­
ables was based on the experience derived from field work
carried out by the Regional Ecology Laboratory of the Biology
Department of the University of Buenos Aires, as well as
from data obtained from bibliographic references (KANnus et
al, 1992; KALESNIK 1996; KANnus et al, 1997b; KANnus,
1997; VALL! et al, 1992; MINOTTI et al. 1988; BURKART, 1958;
BONFILS, 1961)..

Three levels of human intervention were considered: man
made, abandoned land covers, and natural areas where no
intervention took place. The main human activities are Sal­
icaceae afforestation and tourist and recreational parks and
gardens. These are the major activities not only from the eco­
nomic point of view (mainly Salix spp . afforestation), but also
because of the area involved. From the ecological point of
view they may be identified as long-term disturbances af­
fecting the natural environment since they completely re­
place the natural vegetation coverage (GRIME, 1979; AMo­
ROS, 1996). Since a couple of decades ago, afforestation prac­
tices have been frequently abandoned mainly due to economic
factors. This has led to a secondary succession process, which
occurs when pre-existing vegetation is removed by a distur­
bance and replaced. A developed soil is present, and a biolog­
icallegacy from the previous vegetation often exists as a seed
or seeding banks (GLENN-LEWIN et al., 1992).

Journal of Coastal Research, Vol. 15, No.4, 1999



912 Kandus, Karszenbaum and Frull a

Natural habitats were derived from primary succession
processes which were defined as the development of vegeta­
tion on newly form ed or exposed substrate, and proceeds on
raw parent material rather than in a developed or modified
soil (GLENN-LEWIN et al., 1992 ). In wetlands, the hydrologic
regime is recognized as the major conditioning factor for the
installation and per sistence of wetland vegetation communi­
ties (GOSSELINK and TURNER, 1985; MITCH and GOSSELINK,
1992 ). In addition, elevat ion differences across a fre shwater
tidal ma sh correspond generally to different plant associa­
tions (ODUM et al ., 1984; SIMPSON et al., 1983; MITCH and
GOSSELINK, 1992 ). In this are a , the local flooding regime was
considered the result of the interaction between the regional
hydrologic regime (e.g. floodin g caused by tides) and the rel­
ative topographic position of the sites. In this delta, level of
the terrain and flooding could only be established qualita­
tively since adequate topographic maps were lacking.

With the points indicated above in mind, in this study the
following factors wer e cons idered for the conceptual cla ssifi­
cation of natural land cover types (KANDUS, 1997 ):

• Topographic position was ranked as highlands (levees), rel­
ati ve highlands (recent deposited bars), mid slopes (inter­
mediate bet ween highl ands and lowlands) and lowlands
(depressed areas in the inner portion of the islands, banks
of sedime nts in the streams and estuary).

The flooding regim e was describ ed through variables such as:
permanence and freque ncy of flooding, the hydrologic input
and hydrodynamics.

• Water permanen ce and frequency were ranked following
COWARDIN et al. (1979) as: permanently flooded (sur face
seldom exposed), irregularly exposed (soil permanently sa t­
urated , flooded du ring regul ar moon tides, high water per­
manency), regularly flooded (soil gen erally sa turate d,
flooded during tid es, moderate water permanency) and reg­
ularly exposed (flooded only during wind tides, low water
permanen cy).

• The hydrologic input and the hydrodynamic terms are tak­
en from BRINSON (1993) and ada pted to this area . Th e hy­
drol ogic input was simplified to tw o water sources: ground­
water discharge (inflow through wetland sediments) and
surface inflow (flooding from tides).

• With respect to the hydrodynamic behavior , three cate go­
ries were defined : vertical fluctuation (evaporat ion and sub­
sequent repl acement by groundwa ter discharge); unidirec­
tional flows and bi-directional flows (surfa ce flows resulting
from tides).

• Connection is ranked as: connected (habitat s in or adjacent
to th e main course of river s and stre ams) , moderately con­
nected (adjacent to the water courses but with physical bar­
rier that slows down the water flux as for example neigh­
boring veget ation), and disconnected (not in contact with
water courses, flooded only during tides).

Processing of the Satellite Imagery

Data Acquisition

The sa te llit e imagery used was recorded by Landsat
Th emati c Mapper sensor on board Landsat 5. This syste m

provided high quality data for vegetation identification and
status assessment. It records radiation with a nomin al
spa tia l resolution of approximate lly 30 m for bandas 1-5 and
7, and 120 m for band 6 which corr espond to brightness
values of vegetation. Three images were utilized: from
August 3, 1993 (Winte r), October 6, 1993 (Spring), and
J anuary 10, 1994 (Summer) . However, due to bud getary
restrictions only bands 3, 4, and 5 were availa ble for this
work. Th e phenological cycles of the dominant tree species
dict ated the most appropriate times for remote sens ing data
acqui sition. Even though , on wetland mapping, water level is
a critical variable th at determines land cover discrim ination,
in this case, the water level was close to the mean water level
for two of th e images and lower for the image of October 6,
1993 which was taken as the reference image (Figure 2).

Two other data sources were avail able: aerial photographs
tak en during 1989-90 in a 1:20,000 scale, and field work
carried out during the same period.

In spite of the difference in time between sa te llite imagery
and the rest of the data sources, they could be used in
combina t ion, becau se , in this area , short tim e changes in
landscape elements were not rel evant at t he sca les
consi dere d. Th e areas affected by occat ional disturbances,
such as fires, were segmented from the images, and th erefore,
not included in the classification procedures.

Image Pre-Processing Procedures

Th e images wer e subject to several procedures to correct
for geometric and radiometric distorsions. To remove th e geo­
metric distorsions in TM imagery, TM ima ge of October 6,
1993 was geocoded to a UTM Gau ss Kru ger coordinate sys­
tem with a pixel size of 28.5 meters usin g a first order t ran s­
form ation and nearest neighboard resampling. A root-m ean­
squared error of approximatelly 1.5 pixels was achieved for
the fit between TM image of October 1993 and th e 1:50,000
scale topographic map s usin g 40 ground control point s ga th­
ere d from the topographic maps. The other two TM images
were then coregistered to the TM image of October 6 usin g
60 image to image control points. All RMS errors were less
th an 0.25 pixels for the fit between images. Th e environment
of ERDAS 8.2 syste m was used for this task .

Images wer e provided by the ground station of th e In stituo
Nacional de Pesquisas Espaciais (INPE), Brazil. Th e conver­
sion from raw counts to radiance was done following th e pro­
cedures descr ibed by CARTAXO MODESTO DE SOUZA
(1982). That is , L = ao DN + a I' where DN is the digit al
number recorded, L[watt m 2 IJ-m - I sr ' l], is th e radian ce
measured by th e sensor, ao[watt m - 2 IJ-m ' 1 sr - I count ' l] and
al [watt m: " IJ-m I sr · l], are the calibration coefficients pro­
vided by the ground statio n and stored in the head er of th e
tap e.

Rather than using radiance L , th e bid irectional reflectance
was calculated . Thi s is a dimensionless magnitude which is
a function of the illumination and observation geometry
(TANRE et al., 1986 , 1990; MILOVICH et al., 1995), and it is
given by: p = L n/lz cos(Oo), wher e eois the solar zenith angle,
IZ [wa t t m ? IJ-m - I ] is the irradiance at th e top of th e atrno-
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Figure 2. Buenos Aires Port water level as a function of t ime for th e image dates.

sphere corrected for the distance between th e Earth and th e
Sun.

Pri or to classification, each image was segmented through
a screen digitation procedure following the landscape units
defined in KANDUS et at. (1994). Units III and IV of Figure
1, were separated from the others (STEWART, and LILLE­
SAND, 1995). Also, burned areas were identified and seg­
mented in the three images .

Classification Procedure and Accuracy Assessment

The classification strategy was bas ed on the use of a mul­
titemporal layer classification procedure (WOLTER et al.,
1995). One or several land cover classes were obtained from
each image depending on the phenology cycle and the spec­
tral respons e. Due to th e complexity of the landscape, and
the large number of classes showing patchy characteristics,
an iterative clustering technique was used to further improve
separation betw een classes (JENSEN et al. 1987, JENSEN,
1993). The final land cover map was th e result of combin ing
a set of intermediate layers which were generated after each
individual ima ge was classified , labeled and recoded .

For the classificat ion procedure, th e ISODATA algorithm
available in the software package ERDAS 8.2 was us ed. Due
to the heterogeneity of th e region and th e patchy character­
istics of some of th e land covers , a large number of classes
was preferred, and un sup ervised classifications of 100 classes

were performed. Since th e classe s were spectrally sorted, the
labeling could be done quite rapidly at both ends (high and
low spectral returns), but labeling of the central classes re­
quired a careful approach. Several tools availabl e in the clas­
sification module of the ERDAS package such as alarms, his­
tograms, class profiles , ellipses , contribute to simplify, and
make more accurate the labeling process. Finally th e identi­
fied classes were recode into th e categories defined in the
conceptual classification scheme.

Between 50 and 100 cluster samples representative of each
land cover defined were tak en for accuracy assess ment. Each
sample had 10 pixel or less (CONGALTON, 1988). Field work
and aerial photogr aphy (scale 1:20,000 and 1:100,000) were
used for natural and aband oned land cover sites selection and
for the labelling process. The latest forest inventory was used
for affores tation samples (Consejo Fed eral de Inversiones,
1991).

RESULTS AND DISCUSSION

Analysis of the Land cover Classification Scheme
Proposed

Figure 3 illu strates a land cover distribution model of the
islands. This figure shows a "young island" belonging to unit
IV and a "mature island" of unit III. Tables 1 and 2 sum­
marize the main land covers defined in the classification

J ournal of Coastal Research , Vol. 15, No. 4, 1999
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Figure 3. Illustration of typical islands in the frontal portion of th e Buen os Aires section of th e Lower Delta of Parana River . Both aerial and cross­
sect ional views (t ransects a-b) are showing for a young island from Unit III and a mature island from Unit IV. (S): Sedges, (PS): Protected Sedges , (L):
Lagoon, (MM): Mixed Marsh, (CM): Cortadera Marsh , (SF1): Seibo Forest, (SF2) : Seibo Forest with S . giganteus underst ory, (FB): Frontal Bar, (A1):
Lowland Afforest ation , (A2): Levee Afforestation, (LAA): Lowland Abandoned Afforest ation, (CMW): Cortadera Marsh with Woody Plants, (SSRF): Sec­
ondary Succession Riparian Forest , (G): Parks and Garden s.

scheme. As it is shown in Table 1 natural land cover types
were discriminated by flooding regime and topographic po­
sition. Main classes are lowlands permanently flooded, low­
lands irregularly exposed, relative highlands regularly flood­
ed, mid slopes regularly flooded and highlands regularly ex­
posed. Table 2 lists the land cover classes, their dominant life
forms and species, and characteristics such as height, accom­
panying species, phenology, and soil properties such as tex­
ture and organic matter contents. Their main features were:

(1) Lowlands permanently flooded were broken down in dif-
ferent land cover types (subclasses) according to their
connection with main streams. Schaenoplectus californi­
cus is the dominant species which characterized them. It
is the first emergent species that invades areas with high
sedimentation rates such as channel mouth banks, and
channel margins in the islands (Sedges, S). Sites covered
by S . californicus, but protected from the direct effect of
channel water circulation are richer in life forms and spe­
cies composition (Protected sedges, PS ). Both, Sand PS
are subject to surface bi-directional flows related to the
tide regime. S. californicus is also present in lagoons (L)
where low energy water fluxes (mostly vertical fluctua-

tion due to groundwater discharge and often surface bi­
directional flows due to wind tides) allow a substrate with
high organic matter contents which differs from the two
previous land cover types. All the remaining land cover
types were not directly in contact with the main channel
flows except during wind tides because they are inland
areas or levees.

(2) Lowlands irregularly exposed occupy the inner portion of
the islands. Variation in the aboveground water was
mainly related to vertical fluctuation due to groundwater
discharge related to regular tides. But, often surface bi­
directional flows due to wind tides affect these classes.
Low energy water flows, and permanently saturated sub­
strates involve high contents of organic matter. Two main
marsh plants associations are found . Mixed marsh (MM)
is found in the younger islands of the delta, where Pani­
cum grumosum, Ludwigia spp., Typha latifolia., Zizaniop­
sis bonariensis, Senecio bonariensis and S. californ icus
codominate. Cortadera marsh (CM) instead, is found in
mature islands, and Scirpus giganteus (cortadera) is the
only dominant species. Cortadera marsh with spare
woody plants (CMW), constitutes an interface land cover

Journal of Coastal Research, Vol. 15, No.4, 1999
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Figure 3. Continued.

typ e (ecotonal) between Cortadera marsh and Erythrina
crista-galli forest (Seibo forest). In CMW, ind ividuals of
seibo, and different shru b species grow in a dense S . gi­
ganteus matrix.

(3) Two main land cover types may be discriminated in rel­
ative highlands regularly flooded sites: Frontal bars (FB)
and Seibo forest (SFl). Both of th em are located in th e
youngest islands of the delta (Figu re 3). Frontal bars are
found in th e distal downstream portion of these islands.
Surface and bi-dir ectional flows during wind tides are th e
distinctive features of the hydrologic al regime. Differ ent
woody and herbaceous species colonize th ese sites but
th ere is a high percentage of bare soil. E. crista-galli is
th e pioneer tree th at colonized th ese islands, mainly on
frontal bars, and also on recently developed levees ex­
tending toward the inner portion of th e islands. Seibo
forms low and open forest s (SFl) with an heterogeneous
understory mainly composed by species such as Mixed
marsh , and other species with shadow habits. It is re ­
markable th at th e Seibo forest is th e unique primary suc­
cession forest remaining at a regional sca le in the Lower
Delta. In th e mature islands (Figure 3) th ey remain as
mid slopes forests with an understory dominated by S.
giganteus (SF2). These sites are characteriz ed by ground­
water inflow and surface unidirectional flows due to ov­
erbank discharge.

(4) Highlands regularly exposed were represented by river

and stream levees with well develop ed soils. During
strong wind tide s, only overbank discharge with bi-direc­
tional flows takes place . In th e beginning, th ey wer e oc­
cupied by a highly diversified and structurally complex
forest , but at present very few and small patches remain
because of human intervention.

(5) Man made land cover types were represented mainly by
sa licaceae afforestation which replaced the natural veg­
etation of different land covers. There were Salix spp.
plantations (AU in lowlands and mid slope habitats. On
highlands both Salix spp. and Populus spp. plantations
(A2) may be found . Nevertheless Populus spp. plantations
are not frequent in this area. The installation and man­
agement of plantations include cutting off, squ eezing and
burning existi ng vegetation. In most cases, drain soils are
maintained by drainage channels, and in some cas es also
by polders.

(6) Parks and gardens (G) for tourist ic and recreational goals
may be found on rivers and stream's levees. They consti­
tute a very heterogeneous land cover because they de­
pend on particular man decisions about extension and
composition, and management activities.

(7) The consequences of giving up affore station on levees are
different from those on lowlands and midslopes. On le­
vees , a secondary succession riparian forest (SSRF) is
gen erally well developed. Thi s multicanopy forest is dom­
inated mainly by perennial exotic species. In lowlands
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Tabl e 1. Land cover classification scheme showing the main factors that determine different land cover types. Thin arrows show land cover replacement.
Hydrologic input: (sf) surface flows, (gw) ground water flows. Hydrodynamic: (v) vertical, (bd) bidirectional , (ud) unidirectional.

Degree of Human Intervention
Flood regime / Natural land covers Man made land Abandoned land

Topographic position (Primary covers covers
(natural habitats) succession) (Secondary

succession)
T T

(B) Non Vegetated
connected Banks
(sf) (bd) (S)

Sedges
Lowlands moderately (PS)

Permanently connected Protected
flooded (sf) (bd) Sedges

unconnected (L)
(gw.sw), (v,bd) Lagoon
(gw.sw), (v,bd) (MM) Mixed Marsh 1\

Lowlands (gwe-sw) (CM) Cortadera
Irregularly (ve-bd) Marsh
exposed

I~
(AI) Willow

Permanently (gw>sw) (CMW) Cortadera Afforestation ---l (LAAI ) Open
saturated soil (ve-bd) Marsh with Isolated (lowland, Willow Forest

Woody Plants rnidslopes)
J,

Relative

I~
(LAA2) Cortadera

highlands (sf), (bd) (FB) Frontal Bars. Marsh with Isolated
Regularly Woody Plants
flooded

(sf), (bd.ud) (SFI) Seibo Forest
Mid slopes (SF2) Seibo Forest
Regularly (sfc-gw), (ud,v) with Cortadera
flooded Understorv

Highlands (G) Parks and
1----;(river and (PSRF) Primary ~ Gardens for (SSRF) Secondary

stream levees). (sf), (bd) Succession Riparian tourist and Succession Riparian
Regularly Forest recreation Forest
exposed (Mostly perennial - (Mostly perennial

species)
~ (A2) Salicaceae I exotic species)

Afforestation

and midslopes instead, restoration of hydrologica l condi­
tions determines the recovery of natural vegetation , par­
ticularly marshes dominated by S . giganteus. Neverthe­
less these land cover types could be divided into different
classes ranging from Open Willow Forest (OWF) to Cor­
tadera marsh (LAAl-2). They form a mosaic of patches.
The patches variability depends on land use hi story ,
plant conditions at the time afforestation wa s abandoned,
and the time elapsed since.

The goal of the classification scheme proposed was to un­
derstand the interaction between the natural and ma n made
ecosystems that coexist in the delta islands. This was

achieved through the analys is and definition of conditioning
facto rs (ment ioned above ), that permit a consistent descrip­
tion of the Parana's delta and have the additional advantage
of enabling comparisons with other wetland systems.

In the case of natural land covers, the approach utilized
makes a consistent use of delimitation variables (hydro logic
regi me ), and of characterization variables (st ru ctural prop­
erties of the ecosystems : physiognomy, dominant species, and
soil properties suc h as texture and organic matter contents).
These delimitation variables have a functional character, are
independent of biogeography, and allow comparisons between
regions. On the other hand, characterization variables ad­
dress specific properties of the region and their relation with
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Tabl e 2. Land cover features that may influence spectral response in remote sensing imagery. Life forms are defined accordi ng to Barkman's classification
(1988), soil features are described following Bonfils (196]) and vegetation characteristics are defined according to Burk art (195 7) and field work.

Vegeta tion Soil

Dominant Dominant Organic
Dominant Species Vegeta tion Other Species Species Matter

Land Cover Dominant Life Forms ('hcover) Height (rn) ('heaver ) Phenology Textur e (%)

Sedges (S) equis etoids Schinoplectus californicus 2.5 per ennia l Silt loam very low
(50% aprox.)

Protected Sedges equisetoids , rooted and S . californicus (> 70%) 2.5 Eichhornia sp., Pontederia per ennial Silt loam very low
(PS) erra nts aqua t ic plants sp., Sagi taria sp., Mika nia

and climber s sp., Ludwig ia sp., etc .

Lagoon (L) equisetoids , rooted and S . californicus « 50Ck) 2.5 Lemna sp., Miriophyllum sp., per ennia l Clay - high
erra nt aqu ati c plants Azolla sp., Salvinia sp., Eich- Silty

hornia sp., etc . (%var iable) clay

Mixed Mar sh graminoid herb aceous Panicum grumosum, Lud- 1.5-2 perennial Clay - high
(MM) and herbs wigia spp., Senecio bonar- Silty

iensis , Zizaniopsis bonar- clay
iensi , Typha latifolia (80%)

Cortadera Marsh graminoids herbaceous Scirpus gigan teus (100%) 1.5- 2.0 perennial Clay - high
(CM) Silty

clay

Cort adera marsh gra minoids herbaceous, S . giga nteus (100%) 1.5-2.0 E. crista -galli, Aeschinomene perennial Clay - hig h
with isolat ed shru b and trees montevidensis, Baccharis Silty
woody plant s spp . etc. « 10%) clay
(CMW)

Fr ontal Bars (FB) herbaceous, shrubs and Eryngium pandanifolium, less than perennial Silt loam low
trees Senecio bonariensis, S . cal- 2.0 and an-

ifornicus « 40%) (60% nu al
bare soil)

Se ibo Forest (Sf' L) t rees, her bs and climb- Eryt hrina crista-galli ap to 6.0 Und er story: Ludwigia sp p., decidu ous Clay - high
ers (> 40%) Polygonum spp., etc. (less Silty

than 80%) clay

Seibo Forest (SF2) t rees and gra minoids E. crista-galli (>40%) ap to 6.0 Understory : S . giga nteus decidu ous Clay - high
(100%) Silty

clay

Pri mar y Succes- trees Ocotea sp., Nectandra sp., E. 8.0-12.0 per ennial Loam low
sion Ripari an crista-galli, Rapanea spp.
Forest (PS RF) and oth er s (l00%)

Lowland Afforesta- t rees Salix spp. (80%) up to 12.0 vari abl e deciduous Clay - low
tion (All Silty

clay

Highland Affores- t rees Sa lix spp. or Populus spp. up to 12.0 variabl e deciduous Loam low
tation (A2) (80%)

Parks and Ga r- gra minoids, sh ru bs and Differ ent exotic orn am ental var iable varia ble variab le Loam low
den s (G) trees species

Lowland Aban - gra minoids or trees Sal ix sp. « 40%), S. giga n- var iable va riable per ennial Clay - low
doned Afforesta- teus (up to 100%) and de- Silty
tion (LAA) ciduous clay

Second ary Su cces- trees Ligustrum sinence, L. luci- less than Unders tory : Lonicera j aponi- perennial Loam low
sion Ripari an du m (100%) 10.0 ca, Rubus spp. and oth er s
Forest (SSRF)

neighboring regions. These last variables are det ermined by
biogeographic position, species colonization, composition of
th e Parana River sediment charge, and the Rio De la Plata
properties. Comparison of th ese elements through regions is
difficult, but they can be adequately associ ated with the spec­
tral clas ses that resu lt from th e analysis of sate llite images,
thus enabling th e production of a land cover map , a basic
instrument for monitoring and management goals.

In th e case of abandoned land covers, one of th e main fea ­
tures from the ecosyste mic point of view corresponds to the

recovery of the natural hydrologic regime during the process
of secondary successi on. When the man made activity is
abandoned, the delimitation of land use parcels is determined
by th e cadastral system . But, transformation with time of
these parcels into marsh systems in lowlands or secondary
forests in the levees modifies their spatial configuration, cre­
ating fuzzy boundaries among them. This is why th e areas
subject to the processes of secondary succession could be clas­
sified in a greater detail (as in the case of natural land cover
types ), but this is beyond th e scope of this work.
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Figure 4. Spectral pattern of lowland permanently flooded lan d cover
types and open water for th e three da tes analyzed. y-axi s repr esents re­
flectance mean values, x-axis is Lan dsat TM bands.

plants had a pattern similar to Cortadera marsh in Au­
gust 3 an d October 6, but Seibo leaf production allows
th eir discrimination in J anu ary 10, when a decrease in
th e mid-IR wavelength res ponse occurs, possibly due to
the mesophytic features of th ese leaves .

(3) Forested land covers are shown in Figure 6. As it is in­
dicated in the literature (WOLTER et al., 1995), low re­
flectan ce in TM-band 3, high values in TM-near infrared
band and moderate ones in TM-mid infrared band char-

Spectral Signature Analysis

The land cover features that affect the spectral res ponses
observed in the sa te llite imagery are summa rize d in Tabl e 2.
As it is clear from this table, the high vegetation coverage
constitutes the key element in spectral land cover classifica­
tion. The spectral signature of each land cover class identified
was distin ctive. Eve n if they looked rath er similar at a cer­
tain date, a good discrimination was obtained when the
multitemp oral data set was used. Figures 4, 5 and 6 presen t
the main characteristics of the land cover spectral signatures .
They show spectral class patterns using three bands of Land­
sattrM imagery at th ree differ ent dates.

(1) Figure 4 represents lowland perman ently flooded land
covers , where the most important and freq uent species
among these is S. californicus . This is a perennial equi ­
seto id herbaceous plant . Sedges (S), and protected sedges
(PS) were differenti ated mainly by the ab unda nce of S.
californ icus, an d by the presence of aquatic plants tPon­
tederia cordata, Echinodorus grandiflorus, Sagittaria
montevidensis) and vins (Mikania spp.). The spectral pat­
tern of the lagoon was similar to that of the sedges, but
the observed gen eral redu ced reflectance in all bands may
be due to greater contents of soil organic matter and less
suspende d sediments . Differences between sedges an d
open water are maximal in the TM-near infrared ba nd of
Octobe r 6.

(2) The dominant species of irregula rly flooded lowlands are
also perennials . Spectral patterns were relatively stable
along the three dates, showing a lower response in TM­
band 3 and a higher res ponse in TM-bands 4 an d 5 (Fig­
ure 5). S . giganteus is the unique dominant species in
Cortadera marsh . It covers 100 percent of the surface and
reaches a height of about 2 meters. Low water content in
S. giganteus leaves may explain the high spectral re­
sponse in TM-mid infrared band. This also occurs with
Mixed marsh (MM) although species with variable anat­
omy and mor phology coexist: species with high content of
aerenchima in tissues (such as Typha sp. Zizaniopsis bon­
ariensis, Echinodorus grandiflorus, Sagitaria monteviden­
sis) , species with lower content of aerenchi ma (such as
Pan icum grumosum) , and spec ies with mesophit ic leaves
(S enecio bonariensis, Ludwigia spp.), In addition, plan ts
of MM shows a lower groun d coverage (80%), and the ex­
posed saturated soil has a high content of organic matter.
These factors may cau se the lower general reflectance
pattern observed. Cortadera marsh with isolated woody

The situation of sites where man made activities are in
pr ogress is qui te different. In this region, forest plan tations
and recreational uni ts are activit ies which introduce strong
modifications in the natural ecosystem. In other words, a
complete replacement of the natural vegetation habitats oc­
curs , as well as a modification of the hydrological regime.
Thi s work addresses a land cover scheme instead of a lan d
coverlland use scheme becau se the term land cover helps to
understand the different ecosystems and their in terre la tion­
sh ips in a conceptual frame that includes the structural and
fun ctional characteristics of the region.
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Figure 5. Spectral pattern of lowland irregularly exposed land cover
types for the three dat es analyzed . x and y-axis as described in Figure 4.

Figure 6. Spectral pattern of forested land cover including natural. man
mad e and abandoned, for th e three dat es an alyzed . x and y-axis as de­
scrib ed in Figure 4.

acterize forest cover. Differentiation among forest types
strongly depends on the dominant species phenology. Sec­
ondary succession riparian forest (SSRF) ha d a distinct
pattern in August due to some of the most important
dominant trees such as Ligustrum sinence and L. luci­
dum, that are perennial. Dominant species of the other
habitats are deciduous. Willow afforestation is green in
October and Seibo forest is green in January.

The spectra l definition of Lowland aba ndoned afforestation
was somewhat "noisy" since it is a class that names a
land cover type that represents dynamic plant commu­
nities, as it was described above. High environmental het­
erogeneity due to different abandonment conditions de­
termines a high spectral variability which makes it dif­
ficult to identify a unique spectral signature for this class.
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Ta ble 3. Imagery dates and the corresponding thematic layers derived.

Analysis of the Multitemporal Spectral Classification

As it was describe d in the meth odology section, the strat­
egy of the classificat ion was based in a mult itemporal TM set
where each classified image provided one class or several
classes according to the phenology cycle of the different spe­
cies and the ir spectral responses. This is su mmarized in Ta­
ble 3, where the th ematic layer s derive d from August 3, Oc­
tober 6 an d Janua ry 10 images are listed . Since the water

An intermediate stage of successio n was considered here
consisting of a s . giganteus matrix (coveri ng 100 percent
of the surface) with sparsely Sal ix spp. plan ts (approxi­
mately 40 per cen t of the surface). Among forests, the in­
crease in spectral separability in TM-near infrared band
as compared to TM-bands 3 and 5 was determined mainly
by leaf production. Never th eless, a higher near-IR re­
sponse would be expected for secondary succession ripar­
ian fores t since a higher biomass, and mesh ophytic con­
ditions are found. As ind icated by B RONDIZIO et al.
(1996) , complex and multicanopy vegetation create la rge
areas of sha dow an d spectral traps which reduce the
amount of ene rgy returning to the sensor, particularly in
TM-near infrared band . This can also explai n why the
afforestation signature showed higher TM-near infrared
ban d val ues than th e secondary successio n riparian forest
(SSRF). Afforestation is less complex, less likely sha d­
owed, has less moistu re content and is less likely to trap
incoming or outgoing energy.

The secondary successio n riparian forest class showed the
best spectral sepa ra bility in August, when other forests types
were leafless. Salix spp. plantation and lowland abandoned
plan tations were best discriminated in October , when Seibo
has no leaves yet. All the remaining classes representing pri ­
mary successio n land covers may be discriminated in J anu­
ary.

The othe r classes proposed in the land cover classification,
such as frontal ba rs , parks and gardens for touristic and rec­
reational goals, pr imary succession riparian forest an d Po­
pul us sp. plantations were not discriminated. In this case, TM
spatial reso lution plus the spectral heterogeneity of some of
these land cover ty pes were the main limiting factors.

TM-1mage Dates

August 3rd ., 1993

October 6th ., 1993

January 10th., 1994

Themati c Layer Derived

Secondary Succession Riparian Forest (SSRF)

LandlWater Mask
Non Vegetated Banks (8)

Salix spp. Afforestation (All
Lowland Aba ndoned Afforestation (LAA)

Populus spp. Afforest at ion (A2)
Seibo Forest (SF)
Cortadera Mar shes (eM)
Cortadera Mar shes wit h Woody Plants (CMW)
Mixed Marshes (MM)
Sedges(S)
Protected Sedges (PS)
Lagoon (L)

level of the image of October was the lowest, it was used to
derive the water mask and th e non veget ated banks in water
(Figure 2). An unsupervised classification of 100 classes was
run an d recoded into land or water. Transitiona l classes from
water to land were closely ana lyzed to assign lan d/water cat­
egories. Cons ideri ng the interest for fut ure change det ection
studies in young islands, a very careful labeling was per­
formed. After ap plying the water mask to the three images,
the image of August 6 was used to obtain the secondary suc­
cession perennial forest (SSRF) class. Next , this category was
masked in October and J anuary images. Sa lix spp. affores ­
tation and lowlan d abandoned afforestation were obtained
from the October image. These classes were mas ked in the
image of J anuary.

In order to attain a better understanding of the relation­
ship between characterization variables and spect ra l classes
wit hin natural land cover types, an un supervised classifica­
tion of 200 classes was performed in the TM scene of J anuary
1993 , after mask ing the classes mentioned above . Th is clas­
sificat ion allowed the discri mina tion of all natural lan d cover
types. Its main objective was to determine whether it was
possib le to detect the cha racteristics of the intra an d inter­
class spect ra l variability, an d to det ermine whether such var­
iabi lities were associated with characterization variables .

The derived spectral clus te rs were plotted in a hi-spectral
feature space where the x-axis re presents the near infrared
band and the y-axis represents the mid infrared band (Figure
7). Two main gradients may be observed in the spectral re­
sponse. Axis (A) indicates the range from land cover with less
vegetation coverage an d perma nent flooded soils such as
sedges, protected sedges an d lagoons (low to medium values
in the near infrared band an d low values in the mid infrared
band) to land cover types with a dense vegetation coverage
with high reflectance values in the near infra red band. This
axis may be in terpreted as related to a subyacent gradient of
soil water content. Axes (B) shows a second gradient, from
Cortadera ma rsh (higher mid infrared values) to Seibo forest
(lower mid infrared values ) and could be related to differenc­
es in leaf morphology an d leaf water content.

Accuracy Assessment

For the final map, the total num ber of classes of Tabl e 1
was reduced to ten clas ses. Some of the classes (gardens and
parks, frontal bars and primary succession riparian forest )
were not included because of thei r spectral and spatial char­
acteristics already discussed in the previo us sectio n. Others,
were colla psed as follows: Al and A2 as A, SF I and SF2 as
SF , and LAAI and LAA2 as LAA.

Figure 8 shows the fina l land cover map obtained. Within
the islands , the spatial distribution of the land cover spectral
c1ases agrees well with the profile presented in Figure 3. This
is observed in Figure 9 where transects were drawn acros s
the spectral classes of a mature island and a young island of
the fina l map .

The accuracy assessment of the fina l class ification is sum­
marized in Table 4. Overall map accuracy was computed by
taking the total nu mber of correctly classified sa mples (di­
agonal cells of the matrix) and dividing by th e tota l number
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of samples. A value of 83.5 percent was obtained . The user's
accuracy, calcul ated as the number of correctly classified
samples divided by the row total provides a measure of the
value of the map for a particular user. It indic ate s the prob­
ability th at th e class assigned to a location on th e map is the
class that would be found at that location in the field (J ANS­

SEN and VAN DER WEI, 1994). By dividing th e number of
corre cted classified samples by the column total th e produc­
er's accuracy is obta ined: it indicates th e percen tage of sam­
ples of a certa in reference class th at wer e corr ectly clas sified.
Individual class user 's accuracy ranged from 65.9 percent for
Abandoned afforestation and 66.8 percent for Corta dera
marsh with woody plants to 98.3 percent for Cortadera
marsh. Producer 's accuracy ins tead, ranged from 75.6 percent
for secondary success ion riparian forest and 76.3 percent for
Cortadera marsh to a top value of 98.4 percent for affores­
tation.

Th e greatest amount of user's accuracy confusion oc­
curred in three environmental conditions : (1) cla sse s th at
represent dyn am ic plant communities such as Abandoned
afforestation; (2) land covers that represent ecotones such
as Cortadera marsh with woody plants, and (3) land covers

that a re mostly differentiated by th e proportion of domi­
nant elements such as lagoons, particularly the bord ers of
them in relation with sedges and protected sedges. In th e
first case, the aba ndonment process gen erates fuzz y
boundaries among landscape elements, th at differ from ac­
tive plantations which have very clear cut limits . This was
du e to th e fact that th e restoration process of vegetation
and hydrologic regime results in a collect ion of patches
abandoned at different times, subject to different manage­
ment sys te ms and belonging to different topographic sit­
uations. All thes e eleme nts generate confusion not only
about the stag e of the reco very process, but al so about the
sur rounding land covers.

Most veget ation in natural habitats in thi s delta had dis­
tinct boundaries (with thin ecotones) in agreement with
ODUM's description (1984 ) of othe r tidal freshwater marsh­
es. In spite of this, Cortadera marsh with woody plants may
be considered as th e ecotone betw een Cortadera marsh and
Seibo forest or as a land cover' depending on th e resolution
scale. Whatever may be considered, great confusion occurs
becau se of th e spectral response of CMW that corresponds
mainly to S. giganteus ma trix. Additional sa tellite systems
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Figure 8. Ten land-cover classes produced from a multitemporal un supervi sed classification of th e study area on th e Lower Delt a of Par ami River , using
Landsat TM dat a from Augu st , October and J anuar y, 1993/94 . S: Sedges, PS: Protected Sedges, L: Lagoon, MM: Mixed Mar sh , CM: Corta dera Mar sh,
SF : Seibo Forest, A: Afforestation, LAA: Lowland Abandoned Afforestation , CMW: Cortadera Mar sh with Woody Plants, SSRF: Secondar y Succession
Riparian Forest.

such as tho se that provide radar imagery might help improv­
ing results since the backscatered signal depends of the struc­
ture of the vegetation canopies .

Within permanent flooded land covers , classes labeled as
external sedges also include lagoons. In this case the avail-

ability of TM blue and green bands would have helped to
discriminate betw een them.

The greatest amount of producer's confusion, occurred in
secondary succession riparian forest. This may be due to a
mature active affore station without a clean understory which
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Figure 9. Spatial profile of land-cover clas ses of a young and a mature island from th e map of figure 8. Abbreviations as indicated in Figure 8.

may have the same perennial species as the first one. In the
case of Corta dera marsh (produce r's accuracy 76.3 percent ),
the result is related to the ecotonal situation of Cortadera
marsh with woody plants, as discussed above.

CONCLUSIONS

This paper addressed the development of a conceptual lan d
cover classification scheme for the Frontal Delta of Paran a
River, and its relationsh ip with classes derived from LandsatJ
TM satellite imagery. The regional conceptual classification
scheme developed was intended to facilitate compa risons

with other systems, an d to simplify the use of satellite im­
agery for a land cover map product ion.

For management considerations, formulation of environ­
mental policies, or research purposes (change detection stud­
ies, comparison between wetlands of different regions) it was
necessary that the discriminated land cover classes could be
directly related to functional aspects such as water, nutri­
ents, orga nic matter, an d information fluxes. Also, temporal
processes such as primary or secondary successions had to be
considered. Both, spatial and temporal dimensions det ermine
the landscape he te rogeneity, and they also helped to define
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Table 4. Error matrix for the overall classification. S: Sedges; PS: Protected Sedges; L: Lagoon; MM: Mixed Marsh; CM: Cortadera Marsh; CMW: Cortadera
Marsh with Woody Plant s; SF: Seibo Forest; A: Afforestation; LAA : Lowland Abandoned Afforestation; SS RF: Secondary S uccession Ripar ian Forest.

Reference Data

Classified dat a (S) (PS) (L) (MM ) (CM) (CMW) (SF ) (A) (LAA) (SSRF)
Row User's

data Accuracv
(S) 769 10 16 2 797 96.49

(PS ) I I I 427 5 25 I 569 75.04
(L) 45 23 154 I I 3 2 229 67.25

(MM ) 1 514 13 I 1 530 96.98
(CM) 918 8 926 99.14

(CMW) 9 246 708 94 3 1060 66.79
(SF) 17 9 996 2 1024 97.27
(A) I 32 4 I 4 778 156 976 79.71

(LAA) 23 22 51 123 102 627 4 952 65.86
(SSRF) I 2 I 64 3 505 576 87.67

Co lumn data 925 462 176 625 1203 778 1218 947 637 668 7639
Producer's

83.10 92.42 87.50 82.20 76.30 91.01 81.67 82.20 98.43 75.60
Accuracv

Overall accuracy = 83.5

the conceptual fram ework necessary to interpret classifica­
tion results and their scope.

In th e scheme presented, the defin ition of characterization
variables allow ed the linkage between information classes,
functionally defined, and the spectral classes derived from
satellite imagery. A layered classification approach based on
the use of a progress ive unsupervised clas sification pro cedure
wa s applied to a set of mu ltitemporal LandsattrM imagery.
In each step, the spectra l classes were subject to a careful
labeling and recoding ba sed on field work and aerial photog­
raphy. The final land cover map was th e result of combining
the different thematic layers obtained .

The overall classification accuracy, of th e order of 83%, was
quite satisfactory. Through the analysis of the error matrix,
it was possible to expl ain the confusion of certain cla sses in
relation to the environmental factors of the landscape, such
as fuzzy lim it s in abandoned sites, ecotones, and land covers
which differ only in the re lative abundance of species.

The classification scheme presented is not only flexib le
from the conceptual point of view, in the sense that it allows
aggregation or desegregation of land covers as more specific
studies are required, but it is also flexible from the quanti­
tative point of view since it was not defined for a particular
satellite system . Follow on studies will consi der the use of a
complete TM set (seven bands) an d th e inclusion of satellite
systems where textural elements could be added for class dis­
crimination. Also, the use of images of better spat ia l resolu ­
tion than that of LandsattrM could help in the discrimination
of some of the land covers not included in the final map such
as those for cadastral and touristic use .

Due to the closeness of this area to large urban centers
such as Buenos Air es, important in frastructure developments
are planned or in progress such as Hidrovia Paraguay-Pa­
rami , th e bridge Rosario-Victoria, or large polder systems.
These deve lopm ents may heavily influence the regional hy­
drologic regime. Also , the expansion of forested areas, the

Diagona lTota l = 6396

es tablishment of sma ll town s, even if their influ en ce may be
of less magnitude, they will also modify th e natural condi­
tions reducing th e areas usually kept for mitigation of flood­
ing event s.

From this point of view , th e land-cover map obtained, th e
first for this region, ma y constitute a benchmark against
which futures conditions could be compared utilizing image
proce ssing and change detection techniques with th e purpose
of defining conserv ation and management practices for th is
area .
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o RESUMEN 0
El Bajo Delta del Rio Par ana constit uye un humedal dulceacuicola somet ido a mareas. Los ambientes presentes estan determinados por la oxprcsion local del regimen
hidrologico en relacion con los patrones de paisaje naturales y la actividad antropica desarro llada . EI objetivo de este trabajo es la present acion de un esquema de
clas ificacion conceptua l de ambientes y su vinculacion con clases obtenidas del ana lisis de imagenes sa telita les provista s por el sistema Landsat/TM a fin de obtener
un mapa de cobert uras vegetales. Prim ero se presenta un esquema especifico par a esta region basado en la identificacion de variables de delimitacion y de carac­
terizacion. EI esquema de clasificacion conceptual de caracter regiona l fue desarrollado a fin de facilita r la comparacion con otros sistemas y de permit ir un uso mas
adecua do de las irnagenes sate litales. Las clases de "informacion" resu ltantes se vinculan con las clases "espect rales" obtenidas al aplicar el metodo de superposicion
de mapa s ternaticos que resultan de la aplicacion de procedimientos de clasificacion no supervisada a un conjunto de tres imagenes Land satlfM . En cada paso, las
clases espectra les obten idas son cuidadosamente identifi cadas y recodificadas ten iendo en cuenta fotografia aere a y tr abajo de campo. EI mapa final de cobert uras
es el resultado de la combinacion de vari os mapas ternaticos. La evaluacion de exactitud de la clasificacion es del orden del 830

;' .

Fin alment e, se discuten los resultados obtenidos destacand o algunas de las carac te risticas de este are a compleja y se sena lan las ventaja s y desvent ajas de los
datos sa te lita les para este tipo de objetivos.
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