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Mapping riparian vegetation alongrivers:
old concepts and new methods

Etienne Muller*

Centre d'Ecologie des Systemes Aquatiques Cordime€.E.SA.C.), UMR C5576 (Centre
National de la Recherche Scientifigi®&niversité Paul Sabatier) 29, rue Jeanne Marvig,
31055 Toulouse Cedex 4, France

Abstract

Several objections have been made to the approaehsticed environment introduced by
the Remote Sensing (RS) and Geographic InformatBystem (GIS) tools. There is no
evidence that each discipline can be reduced tetaof layers of spatial information. For
most botanists, the quality and hence the valuea ofegetation map rests more heavily on
the selected system of classification than on atherofeature. This paper assumes that the
knowledge of the historical trends in vegetationppiag concepts may provide useful insights
for improving the GIS approach of vegetation. Ie ftfirst part, a summary of thdebates in
the scientific community is presented. First taxoigis were opposed fghysiognomists. Then,
with the development of the ecosystem concept haedandscapeoncept new questions arose
in the debate: what should be mapped, vegetationsystems or landscapes? Controversies
opposed botanists to geomorphologists. Today, mpattas well as processes have to be
mapped. However, little has been done on ripariagetation. Thesecond part of the paper
focuses on two specific requirements for RS of rigga vegetationnamely high spatial
resolution and spatially-oriented classificatiogalthms. Both have been neglected in the
past. By 1998, improvements in satellite data sthatimulate studiesn riparian vegetation.
However, aerial photographs will remain the bestlion@ foranalysing riparian vegetation in
detail. In the third part, the discussion focuses tbe use ofGIS for riparian vegetation
studies. Obviously, a vegetation layer cannot shiosvvegetationn all its aspects. However,
if it is based on a sound scientific method, mudhthe information which is stored in an
implicit form can be exploited for broader apation.

* Corresponding author. Tel#+33 562 269981; faxt 33 562 269999; e-mail: muller@cesac.cemes.fr



Mapping vegetation can be considered as a driviegent in research, a mean to moderate
the subjectivity of conceptual statements and t@ate ecological theories. On floodplains

the major problem is a Jack of useful data andhiiglé cost for obtaining such data. The

challenge is to map flood disturbances and the ta¢iga dynamic.

Keywords: Vegetation; Floodplain; Classification; Mapping; Reeosensing; Geographic
information system

1. Introduction

Riparian vegetation including floodplain foresterad rivers is recognized as an
important part of river ecosystems (Cummins et 8984; Petersen et al., 1987,
Décamps, 1996) and there is an increasing demaiwkchade riparian vegetation
parameters in conservation, restoration and managemprojects. Hence the need
to develop new methods for mapping riparian vegmtaalong rivers. A widely-held
idea is that the environment can be first described analysed by independent
disciplines or variables, and that data integratormodelling can be undertaken a
posteriori using computer facilities. In this pezspive, geographic information
systems (GIS's) are promising tools, as they haladlers of map information over
an area and may capture and process space inform@iaines-Young et al.,
1993).

Several objections have been made to such an agpr@dearly, there are
important conceptual differences in the descriptibthe environment-especially
vegetation-as it is perceived by ecologists, ge@mologists, economists, politi-
cians, fishermen or the public, and there is carsible confusion in terminology
(Wadeson, 1994). There is also the question of sttomld integrate the layers of
information for decision-making, and howfindeed a GIS is different from a
spatial decision support system (SDSS), then shaiwdgatial analytical model
coupled to a GIS be called a SDSS, a GIS or a m@égérges, 1992). As noted by
Petch and Kolejka (1993), 'the capacity of modemjguters to handle and display
spatial data is no guarantee that what is beingladied is providing the answer
that is needed to any particular problem'.

With the recent acceleration of computing perforoemand the development of
software-both at decreasing costs-many of the dadifies for the capture,
storage, processing and display of spatial data Heeen progressively overcome.
Therefore, GIS operators may feel ready to entenew era with unlimited
perspectives for environmental analysis and mauglthrough the processing of
multidate / multisource / multiformat geocoded ddtiwever, major problems
mayarise in finding a vegetation layer to be includedhe GIS.

The objective of this paper is to discuss theseeissin the particular case of
riparian vegetation. The fundamental questions ambat data are required for
characterizing riparian vegetation?'; '‘who shoulovjgle the data?’; 'how is it to be
collected?'; 'who will use it?'; 'how?', etc.



For vegetation mappers, the quality of a vegetat@p-and hence itglue-
rests more heavily on the selected system of @lesson than on anyther
feature (Kichler, 1967, Kichler and Zonneveld, 198®ere is 'a sequende
which the first item (classification) is arrived aore or less arbitrarily, whereas
the second item (vegetation map) expresses theofies cartographically’ (Kuchler,
1967). This distinction between classification andpping is fundamental but is
not really accounted for in the remote sensing gempraphic information system
approach, where there is semantic confusion betvtleertwo terms. Moreover, it
is widely admitted that information on vegetatiaande more or less automatically
derived from remote sensing data and further ireduth a multilayer GIS (i.e.
without intensive field validation).

Today, we know the possibilities and limits of rdmasensing quite well.
Thorough reviews have been published, from a atitieewpoint, on the efficiency
of satellite remote sensing in forestry (Guyot kf #4989; Iverson et al., 1989),
hydrology (Engman and Gurney, 1991), ecology (Roagien et al., 1991; Wess-
man et al., 1991; Green et al., 1993; Garguet-Divgooat Girel, 1996) and river
environment (Muller et al., 1993; Milton et al.,9%).

This paper will first summarize the evolution ofetltoncept of vegetation
mapping.Ilt assumes that the knowledge of historical trendeegetation mapping
and debates in the scientific community may provideful insights for improving
the GIS approach on vegetation. Secondly, it vatus on two specific require-
ments for remote sensing of riparian vegetatiomely, high spatial resolution
and spatially-oriented classification algorithmkirdly, it will examine what could
be expected from a GIS approach of the ripariaretatipn.

2. Historical trendsin vegetation mapping concepts
2.1. Taxonomy vs. physiognomy

At the beginning of this century, vegetation wasssified according to either
taxonomic or physiognomic parameters. Debate witllie scientific community
produced two main schools. Taxonomists consideteat basing vegetation forma-
tions on physiognomic parameters was a 'nightmasiile vegetation associations
based on floristic parameters were 'banned' byiphgemists (Gaussen, 192 Buch
debates have resulted in scientific refinementsegetation mapping metlods.

For many botanists, the floristic composition ofjgtation is the natural basis for
classifying communities. The most extensively useethod is the phytosociological
method developed by Braun-Blanquet (1964). ltb&sed on the identification of
species and on their frequency within asdimcia and permits a high degree of
detail and accuracy for mapping vegetation seales ranging from 1:25000 to
1:50000. In the Braun-Blangquet method, the omaypes of vegetation must first
be distinguished broadly in the field. Aenddotographs are a great help hdreen
the floristic nature of these types is amaty by means of a sampling
procedure, typically quadrats. The list of $ee@nd their frequency in each



quadrat are recorded. In addition, coverage igmaséid as a percentage of the
total area of the quadrat. Supplementary data &iem gecorded (e.g. basal tree
area, sociability and distribution of the specigts,..). Braun-Blanquet (1964) said
that his classification method was not adapted &pping, except on very large
scales. Eilenberg (1956) showed not only the adwps and the strength of this
system but also where subjectivity enters intoid o what degree. Kuchler (1967)
noted: 'If we compare vegetation maps by Braun-@lab and his followers, it
becomes at once evident that this strict standatidiz used in classifying vegeta-
tion is not applied on vegetation maps. Men likebEnger, Molinier, Ludi, Tixen
and even Hueck, the very leaders of European vegetanapping, ali profess to
be followers of Braun-Blanquet. And yet, their mae not at ali alike'. Obvi-
ously, a uniform map representation of vegetat®ulifficult, as species composi-
tion changes through space. Consequently, spexialaxonomists are required
not only to compile a vegetation map, but alsoridarstand it.

In opposition to this taxonomic approach of vegdetat other botanists con-
sidered physiognomy as 'the most important of teatures to be defined in
describing a plant community' (Salisbury, 1931).oTkeasons explained this impor-
tance given to physiognomy (Beard, 1944): ‘firdtucture and lifeforms areapable
of exact measurement and record in the field, aexbredly, can benathematically
defined'. According to Kichler (1967), who deveddjts own
method, physiognomic maps could be compiled at srate, over any region with a
clear and unequivocal terminology for comparativeides. His method did not
require taxonomic knowledge but neither did it pdevthe list of species of which
the vegetation was composed. Each physiognomicgeatevas assigned a formula
with a combination of letters and numbers for déseg life forms (e.g. broadleaf
evergreen, broad leaf deciduous, graminoids),dbafacteristics, height amoverage.

It also became evident to most authors that the tawmnand physiognomic
approaches were complementary. As noted by Dans€i€®%1) 'the application of
the physiognomic system to very different typesvefietation from the humid
tropics to the Arctic bas convinced me that striectaharacteristics vegetation
quite as significantly as does floristic compositio 1 have never thought that one
coulddo without the other'.

Since the 1970s, field investigation and photopretation have been supple-
mented by multispectral satellite images which lfated a more quantitative
approach to vegetation. For example, in the Garowaléey, France, if one
considers the reflectances of the three dominarddiemd types, important dif-
ferences can be clearly observed in the seasorativa (Fig.1). The Normalized
Difference Vegetation Index shows contrasted phleasgs, particularly the late
leafing of oaks and the early leaf-fall of poplanfortunately, the coarse resolu-
tion of satellite data does not make it possibl®ltain information on individual
riparian communities. Remote sensing of vegetatimsed on satellite data, had
great development for the mapping of broad landc@lasses and biomass on
large areas. Such an approach of vegetation iggdoctionist and cannot be
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Fig.1. Comparison of the seasonal variation of TM speati@h for the dominant woody species in the
Garonne valley, France.



considered satisfying. As noted by Wessman etL@B1) 'little can be derived from
reflectance measurements with regard to detailedisp composition and distribu-
tion'.

In recent studies, the radiative transfer was nhiedein 3D-Vegetation in order
to retrieve biophysical parameters (e.g. crown @item tree height, tree row, leaf
area index). One promising example, which has hested for pines and for
poplar plantations in the Garonne valley, is preddy the Discrete Anisotropie
Radiative Transfer-DART model (Gastellu-Etchegoetyal., 1996; Pinel, 1996).

2.2. Mapping vegetation us. mapping environment

With the development of the ecosystem concept (€gnsl935; Rowe, 1961) and
the landscape concept (Troll, 1950), new questanmse in the debate: what should
be mapped, vegetation, ecosystems or landscapes? imtial answer was
unambiguous: 'vegetation should be primarily chréged by its own featurespt by
habitat.It is the structure and composition of a plant comityuthat wemust first
ascertain and record as the secure basis oftakeguent knowledge' (Richards et al.,
1940). The fundamental question was to know if t&gen should be (or could be)
objectively described with absolute impartialitydamdependenbf its environment.
Ambiguity comes from the fact that the environmear@n be considered as an
indicator of the vegetation and the vegetation asimdicator ofthe environment.
Botanists considered (and still consider today)t thegetation ishe best integrator
of environmental parameters. Therefore, they haiedl to use environmental factors
for improving the classification of vegetation, .e.gxposure and altitude (Troll,
1939), temperature and rainfall (Gaussen, 1948)tewaable level fluctuation
(Walther, 1957), soil moisture (Wagner, 1961). Gapsently, vegetation maps
became ‘ecological' and were often considered bsir tlauthors as ‘the most
comprehensive, the most reliable, and the simpdestin analysing thsite qualities
of the landscape' (Krause, 1955).

For example, Gaussen's system developed for thetagn map of France at
the scale of 1:200000 (Gaussen, 1948), was qualdi® 'ecological' by Kuchler
(1967) and was based on the concept of seriesgdtagon and on the description
of growth forms of vegetation. As vegetation depslothe same area becomes
successively occupied by different plant commusitien Gaussen's terminology,
this plant succession is a 'series' and pghegressive stages in a series are
‘formations' corresponding to physiognomic categmridentifiable on aerial pho-
tos (i.e. barren soil, herbaceous, under shrulybstwooded shrub, forest). Each
series gives an immediate indication of essentialagical factors, such as temper-
ature and humidity, and has its own specific colmuithe maps. The occurrence of
the same series (same colour) in two distant drepkes that essential ecological
factors are analogou#.took 35 years to compile the 80 sheets that covande.
The small scale of the maps makesnpossible to obtain detailed information on
riparian vegetation. However, planted poplar, &t meadows, cultivated fields,
and several physiognomic stages within the 'aiglenies' can be identified on
floodplains, because vegetation patches were difieen aerial photos at 1:50000



and later mapped at 1:200000. For Forsberg (1984)ssen’'s maps were 'excel-
lent examples of maps of ecosystems' but were dmisd vegetation maps'.

In the 1960s, there were controversies betweemltsisaand geomorphologists. For
most geomorphologists, landforms were better igiigs of environmental
parameters than vegetation (Christian, 1963). hatemn was also considered to be
above all a matter of team work and photointerpi@iawas seen as an arm for
integration (Christian and Stewart, 1968). At tl@ne time, many phytosociologists
proposed an ‘integrated' or 'ecosystemic' apprdachmapping vegetation (Long,
1974). The approach was also qualified as 'holistimce the ward was introduced
by Zonneveld (1968). For any given organizationelgthis approach requirespaiori
selection of significant environmental variables w&sell as the integration othe
variables (lintegration is not mixing up’; Zonnelel1968). However, studying
individual factors of the environment may be a vérgrd task (71 factors were
identified by Billings, 1952) and identifying siditant factors was considered
hazardous (Ellenberg, 1956).

On floodplains, the geomorphological postulate hagry accurate senbecause the
morpho-dynamic processes of flows, erosion, sediatem and watertable
fluctuation clearly play a primary role in strudhg vegetation (Zolyomi, 1954;
Karpati, 1958; Pautou, 1984; Décamps et al., 198&biener and Schnitzler, 1990;
Johnson, 1994). A single morphological unit may agnpass a range of flow
environments and substratum conditions and thezefoay be composed of one or
more objectively definable biotopes (Wadeson, 1994)

The typology of floodplains, introduced by Amoros @&. (1982) and recently
reactivated by Ward and Stanford (1995), distingeiis two principal domains on a
floodplain: superficial and underground. There three 'spaces' in the superficial
domain: the permanent aquatic space, the semiiagspace and the terrestrial
space. Each space is subdivided into 'functionaéebles' and each ensemble into
‘functional units'. In the permanent aquatic sp#we,5 functional ensembles were
named eupotamon, pseudopotamon, parapotamon, giésmon and paleopota-
mon, depending on the connection type with the nohiennel. In the semi-aquatic
space, Amoros et al. (1982) distinguished four fiomal ensembles, according to
the mean yearly duration of floods. In the teriabtispace (i.e. a space not
influenced by the river and it's water table), éhrieinctional units were distin-
guished and lastly, in the underground space thnéts, as well. This classification
was used for interdisciplinary purposes (Amorosalet1982, 1986), especially for
mapping riparian vegetation using aerial and spaeeote sensing data (Girel,
1986; Girel et al., 1986).

In the Netherlands, the ITC system-based on pedamas polypedons, mor-
phons and polymorphons, and on terrain, soil, leaer and land use majits-
has reached a high degree of conceptualizationagptication (Meijerink,1988;
Zinck and Valenzuela, 1990; Meijerink et al., 199Bpr the intensive use of
remote sensing and map data, a specific GIS, ttegrated Land and Watershed
management Information System (ILWIS), was devealopih a strong orientation
towards landform, sail, vegetation and hydrologsialdies (ITC, 1988). In the
United Kingdom, aerial cameras and other caitb sensors have also been



intensively used for mapping channel bed changed fwodplain morphology
(Gilvear, 1993; Watson et al., 1993ilvear et al. 1995; Milton et al. 1995).

2.3. Mapping patterns vs. processes

With the development of landscape ecology, theiapand temporal patchiness
of the environment has been explicitly recognizedaadriving force in ecological
processes. As explained by Krummel (1988hile ecosystem analysis attempts ta
create black box explanations of spatial heteroigygndandscape ecology must
accept spatial patterns as a driving force in daitgéng system function. Today, there
are increasing interests in scale, hierarchies lagt@rogenities in vegetation studies.
This heterogeneity may include sociaultural economic and aesthetifactors,
together with physical and biotic parameters.

These considerations are central in riparian veigetastudies. The instability of
The riparian environment explains the high compiexif the vegetation caver. For
a given vegetation stand, flood disturbances cadifjncor interrupt the sequenad
successional stages and provoke a rejuvenatiorhefcommunities (see Décamps,
1996, for a review). Consequently, riparian vegdetatis generally distributed in an
unstable mosaic of stands. Recently Wadeson (18@dnined that streamcologists
not only subdivided morphological features into Hema spatial units but also
recognized temporal changes in biotope definitioBsch concerns are not totally
new. Vegetation dynamics have been an early andrateproblem invegetation
mapping As vegetation changes continuously over theesamea(seasonally, yearly
secularly), the temporal dimension of vegetatiom ba considered as an intrinsic
characteristic of class definition. Several Vegdetatmapperstried to produce
dynamic vegetation maps rather than static mapstréed to explain the causes of
these changes. For that purpose they developad con- cepts, e.g. successions
(Ladi, 1921), phases of vegetation (Saxton, 192&Fjes ofvegetation (Gaussen,
1948), association rings (Schwickerath, 1954jepital natu+al vegetation (Tuxen,
1956), vegetation sequences (Godron and Poissd®at3). Mapping the dynamism
of vegetation was criticized by several authorsabse it introduces elements of
interpretation in addition to elements of obseuatespecially if a single map is used
rather than a series of successive maps. ekample, Fosberg (1961) explained that
the mapper is recording what he observes'ahdt he thinks is going to happen or
bas happened. Long (1974) considered that undeopBan conditions, field
observations of two or threennual cycleswere necessary to start understanding
vegetation dynamics and their relation to soid climate. As the environment is
unstable, ecologists have often great difficultias distinguishing allogenic and
autogenic processes.

On European floodplains, a typical successionalisece starts with pioneer
herbaceous communities. They are replaced by softwoommunities and by
hardwood communities at the final stages (Carbiet@r0; Pautou, 1984Verner
1985 Carbiener and Schnitzler, 198890 Décamps et 3/1988) In the Peruvian
Amazon the disturbance due to lateral erosion and chanmgtation of meander-
ing rivers, provokes a high site turnover and nwitg a high betweehabitat



species variability which can be identified withtedbite data (Salo et al.1986;
Kalliola et al.,1992;Puhakka et al.1992;Mertes et al.1995).A full successional
sequence may la800-500years in the upper Amazon basin (Terborgh Retten,
1991)and 1000 years in Europe (Naiman et dl989).Human disturbance@lood
regulation, channelization, gravel extraction, fewgn practice, tree plantation,
urbanization) typically disrupt the dynamic paterand processes that structure
river floodplain ecosystems, yet it is possibleagsess vegetation changkesough
the use of historical aerial photos and maps (Johnk994;Otahel et al.1994;
James,1996).

Classifying riparian vegetation therefore requiaeiill understanding of species
distribution and succession, in relation to enuvinemtal parameters and distur-
bance factors over a large area. In addition, nmgppequires an exhaustive
interpretation of the area under study as well aspatial representation of it.
Unfortunately, current satellite data 'does not yetvide adequate resolution for
the purpose of modelling vegetation successioneé@ret al.,1993). Moreover,
despite the versatility of GIS as a powerful ariealttool, the general problem of
data availability is a major barrier to the widesewf these tools (Haines-Young et
al., 1993).1tis clear that until quite recently, the analytitabls available did not
match the scale of questions we needed to ask dudgcapes (Haines-Young et
al., 1993).The lack of spatially distributed data on floodpki(e.g. detailed flood
frequency maps, soil maps and water table fluatnatnaps) and the lack of
appropriate tools to collect them may explain wimythe past, conceptual studies
were considered more important than mapping aietsvit

3. Specific requirements for remote sensing of riparian vegetation
3.1. High spatial resolution

The scale factor is of prior importance for studyinparian vegetation. The
spatial resolution of remote sensing data imposescade for the analysis of
vegetation. In forest studies, White and Mac Keni@86) considered that the
‘goal was to find a scale at which the signaturerdd pixel integrates the relevant
heterogeneity within a unit to be mapped, withoatigsing blurring across boun-
daries of major cover types'. They considered thatoptimum scale of resolution
depends on the objectives of the study and on émtecharacteristics of the
landscape, i.e. size of tree crowns, canopy roustneumber of species within
vegetation types, shape and extent of patcheddreat type, spectral contrast with
the matrix around the forest type, and heteroggmeittduced by patchiness within
the forest type. Ali these intrinsic vegetation graeters vary within and between
vegetation types and sites. For White and Mac Ke986), 'no one scale of
resolution will be perfect for even a single vegjeta mapping goal'.

In order to find optimum spatial resolution, Woodkoand Strahler(1987)
proposed to compute the local variance of images fasction of spatial resolu-
tion. The local variance was defined as the med&mevaver the entire image of the
standard deviation of &x 3 pixels moving window. Woodcock and Strah(&887)



observed peaks in localariancein the rang of 1/2 and 314 of the size of the
objects to be detected in tlsgene i.e. notat the exact sizeof the objects. For
examplethe peak wast aresolution of6 m for tree canopy diametersf 8 m. The
usefulness of locabariancein remotesensing studiebad alreadybeen stressedoy
Lowitz (1983) and was confirmed by Jamed996) for the identificationof riparian
species in riparian woodlandalong the Garonne river (France), using 0.8 m
airborne data in three Spot XS bands.

Another approachwas proposed by Marceaat al. (1994). This methodconsists
in identifying the spatial resolution which induces minimal intraclaspectral
variance, for each forest class. Resusl®wedthat with a low densityof trees,
coarse resolution is necessary to integratecthmpy,soil andshadowbut thatfor
dense pine plantationtree heightrather than tree density, determines optimum
resolution. Both methods necessitate #wxjuisition of imagesat high spatial
resolutionandthe progressive reductioof this resolution for the purpose fufrest
studies, i.efrom 0.75m to 50 m in Woodcockand Strahler(1987)andfrom 0.5m
to 30m in Marceau et a(1994).Unfortunately, thdack of high resolutionsatellite
images definitely limits the study afmall patches of riparian vegetation on a
floodplain. Satellite remote sensing is betéelaptedfor mapping broad landcover
categories rather than vegetation communities.

As suggested by White and Mac Keng®86),boundary pixels caalsobe used
as a grossevaluationof optimum spatial resolution according to theize of the
objects to beanalysed.For this purpose, objects are assumed to be idlgrna
homogeneouswith the edgesof one pixel. To illustrate thisapproach let us
consider 6 quality levels in the perceptiomf circular objects accordingto the
percentage®f boundarypixels computedas a functionof spatial resolutionand of
diameter (Fig. 2). The quality of the perception refers to tlenount of pure
information in the objects. Results provideguick evaluation of the possibilitiesd
limits of any data. For example, with pixels df0 m, a foreststand of 80 m in
diameter can b&irly monitored (i.e. halbf the pixels are boundary pixels). A good
perception(i.e. with 1/4 of boundary pixels or less) woulgquire either darger
forest stand(160 m) or smaller pixels(5 m). For large-scale ripariamegetation
studies the size of the objects to banalysedis small and theefficiency of remote
sensing data is primarily a function gpatialresolution. If the spatial resolution is
too coarse,t will act asa limiting factor andthe information extractedfrom the
image will have at beststatistica] but not cartographjcvalue. Thereforethe
multispectralor multidate resolutions of remote sensing datJess critical than the
spatialresolution.

It is interesting to notice that the specifequirementsfor large-scale vegetation
studies are notfundamentally different from military requirements. Ira utility
comparison ofsensorsat different ground resolutions, Heric el. (1996) con-
sidered that the poorest acceptable resoldtionmilitary surveillance was 10 rand
that at 10 m, there were exponenti@ldvantagesassociatedwith finer spatial
resolutions. Furthermoreesults showed thaspectraldomains could be ranked by
decreasing ordeinof utility for a given resolution (i.e multispectral, panchromatic
thermal, radar). The Open Skies Treatyhich was signed in1992 by Nato
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members and former Warsaw Pact States for veiificabf arms limitation
agreements, specifies how member states are allowedoverfly the territory of
other members using aircraft fitted with a varietf treaty-specified sensors.
Currently, the minimum allowed ground resolutiorr fiptical sensors is 0.3 m, O.S
m for thermal infrared scanners and 3 m for sideilog radars (Heric et al., 1996).
One would expect the same sensor performancescfiogical studies...

In the next few years, the needs of the scienticmmunity for high spatial
resolution will be partly satisfied by improvemeintssatellite sensors and platform
characteristics (Baudoin et al., 1995; Crépeau Riwire, 1996). By 1998, best
resolutions should be 1 m in the panchromatic dom&im in the visible and near
infrared domains and 20 m in the short-wave infftadmmain (Tablel). These
improvements should stimulate studies on ripariagetation although the radio-
metrie quality of the data cannot be anticipitat&éer technical reasons, no
progress is expected in terms of additional spebaads unless airborne missions
are programmed with spectrometers or military detitechnology (Gabrynowicz,
1996).

For Naithani (1990) and Light (1996), aerial photgghs produce the best
resolution attainable of all remote sensing schemwed represent a very dense
storage medium. With panchromatic aerial photoscates of 1:10000 to 1:25000,
the majority of the vegetation types of interegfired in a classification scheme,



Table 1

Characteristics of existing and future high resolutsatelite data (existing data is bold)

Pixel Spectral bands
(Srlrf)e Visible Infared Microwave
30 B G R NIR SWIR
3C B G R NIR SWIR —
25 — — — — C
25 — — C
25 — — C
25 — C
23.t G R NIR
23.t G R NIR
20 G R NIR SWIR
20 — — SWIR
2C — — L
16 B G R NIR
15 B G R NIR — —
15 p — -
10 P
10 P — —
10 G R NIR
10 — G R NIR
8 ] — _
5.8 p
5.8 P — — —
5 p
5 p — —
4 — G R NIR — —
4 — G R NIR
4 G R NIR

Available

1982
1999
1991
1995
1998
1999
1995
1996
1998
2002
1992
1997
1996

1999
198¢

1998
2002
2002
1997
1995
1996
2002
2002
1998
1998
1998

Satellite

LANDSAT-4
LANDSAT-7
ERS-1,-2
RADARSAT-1
ENVISAT
RADARSAT-
IRS-IC
IRS-ID
SPOT-4
SPOT-S
JERS-1
ADEOS-1
Earth Watchj
Early Bird
LANDSAT-7
SPOT:I-2,-3,
SPOT-4
SPOT-S
ALOS-1
ADEOS-1
IRS-1C
IRS-ID
SPOT-5
ALOS-1
SpacelS
Orbview 1
Earth Watchj
Quick Bird

Sensor

™
ETM
SAR
SAR
SAR
SAR
LISS-3
LISS-3
HRVIR
HRG
SAR
AVNIR

ETM
HRV
HRVIR
HRG

AVNIR
PAN
PAN
HRG

Origin

USA
USA
Europe
Canada
Europe
Canada
India
India
France
France
Japan
Japan
USA

USA
Franct
France
France
Japan
Japan
India
India
France
Japan
USA
USA
USA

22':



Table 1 (Continued)

Pixel

Spectral bands

_ Available Satellite Sensor Origin
size Visible Infared Microwave
(rn)
3 P - - — - 1996 Earth Watch/ USA
Early Bird
2 P - — - - 1998 Orbviewl USA
1 P — — - - 1998 Earth Watch/ USA
QuickBird
p - - - - 1998 SpacelS USA
1 p - - — - 1999 OrbvieyBaseline USA



could be recognized for vegetation successionsefGiet al., 1993). This confirmed
conclusions made by other authors who used mudtidesrial photographs for the
specific mapping of riparian vegetation (e.g. Gif€86).

The last thirty years have been characterised bgiraanatic improvement in
airborne cameras. The resolving ability of a filamera system is measured by the
area weighted average resolution (AWAR), in linérpaer millimetre p/mm). The
improvement went from 60 to more than BBmm. However, final filmresolution
is reduced during flight surveys, due to atmospghealisturbances and to image blur
resulting from the forward and angular motion oé thirplane (roll, pitch and yaw).
With today's best aerial cameras, a system resalati 39 Ip/mmfor low contrast
scenes and 54p/mm for high contrast scenes can be reasonably expe(tfiedht,
1996). Onelp corresponds on film to 25 and &, respectively. At a scale of 1:40
000, this corresponds to 1 m a@7 m on the groundgespectively. This scale can
be obtained at an altitude of 6 000 m with a Lai¢éd RC 30 camera or a Zeiss
Top-15 camera, using a focal length of 152 mmaBd80x x 230 mm film (e.g. as
in the U.S. National Aerial Photography Program).

Converting this film to pixels requires preciserstiag to minimize resolution
losses. The appropriate pixel sizes for presenihg resolution was evaluated in
the range of 9-13um (i.e. with an average of 1fim) by Light (1996). Scanning a
230x 230 mm film frame at this density, will require tge capacity of 0.4 Gbhytes
for a panchro photograph and 1.2 Gbytes for a cofhotograph, assuming 8 and
24 bits/pixel, respectively. In comparison, theagrisize of a digital camera would
need approximately 21000 21 000 detectors to preserve this resolution. Hawnev
today staring array sizes are more in the rangé @d0 by 5000 detectors (Light,
1996). They can rival 35-mm films but cannot chajle large format 230-mm films.
With a linear array used in a push-broom scan mdile000 detectors would be
necessary and data rate acquisition would be Végh, e.g. 60 Mbits/s assuming
an acquisition velocity of 140n/s (270 knots) and 8 bits/pixel for panchromatic
images. Such a sensor does not yet ekiss feasible but would be expensive as
regards data transmission and storage. By comparisothe SPOT-1, -2 and -3
satellites, basic detector arrays of 1728 elemevidse mounted to reach 6000
detectors per line. Spot data rate of acquisitisn2b Mbits/s, magnetic storage
capacity is twice 120 Gbits, and transmission ftatehe ground is 50 Mbits/s. For
Landsat TM, the acquisition rate was 85 Mbits/sr Hwe future SPOT-5 satellite, it
will be 150 Mbits/s.

3.2. Spatially oriented classification algorithms

With image processing systems, one expects the eésnadg be classified in
vegetation categories using automatic (more ohje®}i supervised or non super-
vised algorithms, based on digital spectral datanyvauthors have noted that finer
spatial resolution does not necessarily improveppezl image classification (Latty
and Hoffer, 1981; Irons et al., 1985; Green et d1993; Muller, 1993). The
classification accuracy of images is the resultaofrade-off of two main factors:
class boundary pixels and within-class varianceariddam and Townsend, 1981).



Boundary pixels between classes are generally ureddor classification purposes.
However, they may provide useful information on #teicture and the diversity of
landscapes in an ecotone perspective (Fortin, 1P&2zger and Muller, 1996).
The within-class variance is often considered t@beoise' in image classification.
With higher ground resolutions, the amount of bargdpixels decreases but the
within-class variances increase. For ecologistfhimdclass variance is an intrinsic
characteristic of vegetation patches. Unfortunatemmon classification algo-
rithms do not take the local structure or the logeneity of patches into
consideration in the classification. Another faclianiting the accuracy of a result
is the low between-class variance and the pooresepitativity of conventional
statistical parameters such as the mean valueshandtandard deviations (White
and Mac Kenzie, 1986; Muller, 1993). This problean de simply illustrated by
comparing the spectral responses of homogeneochgsatsuch as planted poplar
groves on a floodplain (Table 2). In the examptesignificant difference existed in
the spectral bands between the two dominant pogtares, whatever their age
(Fig. 3). Up to 4 vyears, the difference in spectraéponses was statistically
significant although it could not be considerem bie characteristic for the two
clones because the variance of data was totallyoniraled due to haphazard
farming practices, but not to intrinsic poplar @weristics.

In most cases, when image classification methotls @8 no more than spectral
data and a priori vegetation class definitionsitjust a stroke of good fortune to
end up with satisfying image classification resultmproving the classifications
necessitates either the use of additional spdutiradis (e.g. a short-wave infrared
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Fig.3. Comparison of the spectral responses of aplar clones as a function of age (same data aslie
2 for land parcels).



Table 2

Spectral variability of poplar closdn a SPOT simulted image at apatial resolution of 5 rn over éhGaronne ftoodplain on May,61993. Statistics wes
computed over 95 poplar sites using thremptiag levels: the pbls (25 nf), square plots of 900 rh and land parcel (ranging fom 1.5 to 8.2 ha)

(in Normalized Digital Count)

XS1 XS2 XS3
Poplar clones Pixels Plots Pacel Pixels Plots Parcels Pixel
Mean 1214 335 33 33.7 31.0 31.3 31.4 95.9
14551 3@ 308 31.1 259 26.0 26 1052
ali clones 3r 318 32D 276 280 28.5 100.9
Standard 1214 b 38 36 7.3 7.3 y 215
deviation 14551 3.0 26 27 48 4.5 49 15.2
ali clones 3.4 36 3.4 6.1 6.5 6.4 17.7
Max-min 1214 33.0 18 129 43.0 251 24.9 105.0
14551 34.0 1% 104 570 177 225 1150
ali clones 340 14.4 13.8 5D 255 253 116.0

Plots

95.4
105.4
99

196
16.2
17.8
68.3

75.4
®

Parcels

95.1
103.6
98.9

20.2

14.6

17.1
07.3

728
74.0

o=



band in addition to the three SPOT bands) or thecien of optimum dates for
the acquisition of images (Muller, 1995). The ublit® solution is to change the
initial class definition. But this may seem int@bte to many ecologists, as it leads
to accurate (i.e. statistically correct) but inaggiate (i.e. useless) vegetation
classes. As noted by Iverson et al. (1989), 'usiigllite imagery to classify forest
types is still a subjective procedure and as mutlara as a science'. For Green et
al. (1993), 'even with currently available imagegessing algorithms, satellite data
are at best only a supplementary/ complementanycsoof information to stan-
dard aerial photo-interpretation'.

If more importance were given to the improvement adgm classification
methods based on the form, context and internaicttire of spectral patterns in
images, one could expect to obtain not only bettkssification results for
heterogeneous objects, but new findings on siganiicscales of phenomena as well.
In ecology, different processes and structurest exisdifferent scales. The scales
of phenomena are not arbitrary but tend to cone¢mtiaround discrete states
which cannot always be defined a priori (Klemes83;9 Meentemeyer, 1989;
O'Neill et al., 1989; Burel et al., 1992). In otheords, images could be analysed
without a priori class definition as well. Howevesis mentioned above, coarse
spatial resolution restricts the exploration oflesaand prevents the detection of
significant scales.

4. The GIS approach to riparian vegetation

Clearly, vegetation can be analysed under manyces@nd a vegetation map
cannot show vegetation in all its aspects. It jostises on some aspects of reality.
Therefore, it should not be judged in terms of trigh wrong, but in terms afsight
and use. Is the map comprehensive, adequate, ueeftihe purpose fowhich it was
created? A vegetation map cannot solve all possibdeies concerning vegetation.
However, if it is based on a sound scientific mdthbe. on clear objectives with a
classification system and a cartographic method répresent it, much of the
information which is stored in an implicit form cabe exploited forbroader
applications.

Three successive steps can be identified in a tioadi vegetation mapping
process: conceptualization, classification and nmappThey correspond to three
modelling levels: conceptual (explanation of tkealr world), logical (systemic
representation of vegetation) and physical (the relapet or the map layer). At
each level, subjectivity cannot be entirely avoidedthe partition of a continuum
into 'objects’ (i.e. concepts, vegetation classeksraap units respectively).

The primary advantage of a GIS is that it givesstderably more importance to
the physical level, with possibilities of direct mpulation in the database depend-
ing on computer and software capabilities. The iisko restrict analysis at this
level. The challenge is to improve the logical ammhceptual levels. As noted by
Petch and Kolejka (1993), 'there is a great darigat the power of the digital
display may divert attention away from the centisdue of pursuing scientific
environmental analysis'. In landscape ecology, ating to Wiens et al. (1993),



‘existing theory needs to be reformulated in exgbficspatial terms and new theory
must be developed to integrate spatial patterns pnodesses and to consider
scaling functions'. The question is to know if viagien can be objectively analysed
without a mapping phase. For example, in ripariamirenments disturbances arc
often seen as a temporal phenomenon but have aortamp spatial dimension as
well (Minshall, 1988). The rate and dynamics of onery, particularly the mecha-
nisms by which new communities are derived, dependshe size of the disturbed
area relative to the broader universe of whichsi@ipart. As noted by Pinay et al.
(1990), subsystem instability maintains the metabta of the whole riparian
ecotone. Therefore changes or processes cannowvdieated without this spatial
dimension.

The spatial representation of the environment meguan exhaustive interpreta-
tion of the area under study and must take intooamc all existing situations
(extremes as well as intermediate cases, well eéeéfiunits as well as fuzzy
transition units). With the expected developments remote sensing and geo-
graphie information systems, it must be considehed mapping riparian vegetation
could be a driving element in research, a meansndderate the subjectivity of
conceptual statements and to validate ecologicadribs. If the traditional way igo
classify first and then to map, with a GIS it cam dasy to map first and then to
classify. The two approaches are actually compléangn helping to obtain new
developments in landscape ecology.

In that perspective, one of the prior steps isauilitate easy and efficient access
to existing spatial information. Over many areapat®lly oriented information
systems have been developed to assist in reseacthinaspatial decision support
activities. For example, in France, several rediomdministrative entities have
already developed such systems, i.e. SIGALE for Nuwed-Pas-de Calais region,
SIGR for the lle-de-France region, SIGMIP for thédMPyrénées region (Crépeau,
1995). The SIGMIP system is one of the most adwrnmeampleslt covers 45 000
km? and works as a regional server for SPOT data, lier CARTO and ALTI
databases created by the French survey (Institubg@ghique National), for
geological maps, for the European Corine landcoand for several other local
databases (land use, statistics). Such data comdspoughly to maps with scales
ranging from 1:25000 to 1:100000. In Switzerlamol, the Vaud state, a 'systéme
d'information du territoire' (SIT-VD) bas been dieyeed using an advanced systemic
approach of the territory (Prélaz-Droux, 1995; dal&§ 1995; de Sede at, 1995).

However, for floodplain environments, more detaileftbrmation is required but
generally does not exist unless large-scale mappnograms have been deveped.
When data are available, an Environmental DatasA(EEDA) can bealeveloped like
for the 777 kn? of the River Savannah Site of the U.S. Departn@nEnergy
(Cowen et al.,, 1995). The EDA system takes advaniafgthe latest progress in
geographical data browsing systems, fourth gemeraprocedural programming
languages and network communications between Mastint UNIX and DOS
platforms and uses spatial keys to link ail datarses to a common geographical data
base. Data layers are stored on the seswmer each user can



easily combine these layers into customized viewthout physically transferring
them between machines. The EDA system has threéercized applications. (1) The
spatially oriented bibliographic search and re@lesystem is based on a hyper-
media hot-link, capable of attaching geographiduiess to various kinds afata (i.e.
bibliographic listings, texts, images, data setgtadata). (2) The image browse and
retrieval system is based on tabular, hypertextspatial searcheBrowse images
have been scanned at 100 DPI (254)pAnchive images have beestored at 2,000
DPI (12.7 um. For example, for an aerial photo at 1:20000 sctde, spatial
resolution is 5rhfor the browse image and 0.25for the archive image. (3) The site
selection and modelling system was designed faaliog landfills, waste disposals,
power facilities and other new activities. Becauserlayand buffer operations are
performed much more quickly in raster-based GIS,caspared to their vector
counterparts, raster analysis was used in thessiextion component of the EDA.

On floodplains, for the understanding of ripariargetation distribution, the
challenge is to map disturbances, especially fldemiurbances. For example, to
avoid confusion between the riparian woods andupl@nd woods in a Thematic
Mapper image, a buffer zone along the river camded. However, in the GIS, the
overlay should not be based on a proximity analysig. 4a) but on a flood
frequency maps (Fig. 4b and 4c). In the exampleQ%5of the river corridor was
occupied by woodlands (12.2% on the terraces and%.6n the floodplain). On
the floodplain, the proportion of wooded areas wi8s3%, 25.8% and 8.1% on
areas with flood occurrences of 1, 10, and 100sje@spectively.

Obviously a larger-scale flood disturbance mapsiseatial for identifying ripar-
ian vegetation. Unfortunately, conventional flow aets are not spatially oriented
and existing Digital Elevation Models (DEM) are tooarse. To create a detailed
flood frequency map and a flood duration map, maceurate digital elevation
data are necessary. This can be derived from lsegke base maps when they exist
(Fig. 5). On the floodplain of the Garonne rivetasb maps at 1:5000 were
compiled in 1994. The maps were scanned in a rdeterat and geocoded in the
Lambert Il projection over a test site of 2 k2.5 km. Each pixel in the scanned
map corresponded to fran the ground. The contour lines (metric precisianyi
the spot heights (centimetric precision) were vestal manually and further
rasterised in order to apply a conic seageid interpolation algorithm for the

creation of a DEM. Floods were simulatechwihe DEM by considering a

progressive immersion of the site, by steps of &b (Eig. 5). The simulation was
based on three mechanisms which work simedtasly during floods: (1) dawn-
stream filling of side-channels, (2) overbanksod discharges, (3) run-off. Dawn-
stream filling was simulated by progressive thrédfioon the DEM from the lowest
points of each side-channel. Points where thesmwatogressively poured outside
the channel for overbanks flood discharges, wecatéd in the vicinity of the river
channel by the difference between the DEM an proximal map, created with
Theissen polygons, where each pixel outside trenmél had the elevation of the
nearest point in the channel. Water run-off on site was derived from the DEM
using the three-step method developed by JensonDamtingue (1988). A depres-
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Fig.4. Localization of the riparian woodlands iretGaronne valley, over a stretch of 30 km using TM
data and other environmental data (scale 1: 2000@Q)undifferentiated woodlands in a buffer stopl

km from the river; (b) flood frequency map (with coerences of 1 year, 10 years. |OO years in dark
blue, light blue and yellow, respectively); (c)aifan woodlands in the decennial floodplain. Theowr
corresponds to the study site in Fig. 5.



sionless DEM was first created. Then a flow dimttdata set was computed by
considering that the water at any given pixel cdidev into only one of its eight
adjacent neighbouring pixels. In the third stegloav accumulation data set was
created, where each pixel was assigned a valuehwhjaresents the number of the
pixel whose water flows into it. For each waterdew the river, an immersion map
was created. Finally, a synthetic map correspontbngcreasing water levels from
0-3 m, by steps of 25 cm, was compiled to show dpatial distribution and
dynamic of the floods.

This example of the mapping of flood disturbandeswss that the major problem
is not just the lack of data but the lack of usedata and the high cast for
obtaining such data. In France, funding should \mlable, following new regula-
tions on risk prevention and water management wxplicit requirements for
large-scale mapping on floodplains (Garry, 1994619

5. Conclusion

In the last years, spatial data quality has beeauated under many aspe(@uptill
and Morrison, 1995). This paper has tried to remihat in vegetatiorstudies, data
quality rests primarily on the selected system lasgify vegetatiorand that remote
sensing or GIS are just tools to facilitate it, reotsubstitute for itWith Zonneveld
(1990) we agree that ‘remote sensing (including thesurpassableaerial
photographs) and any other modern means, is justasrthe many handy tools which
would be unwise and inefficient not to use'. Thengka with GIS is that decision-
makers on environmental projects accept impactyaigzalor any othetype of study
from any company whose sole positive feature ihdwe bought théatest upgrade
of GIS software. Zonneveld (1990) has said it a@yeanany times: 'integration is
essential, but integration is not to mix, or whipwehisk'. Obviouslythe production
(or the use) of a vegetation layer without a cletassification system and a
cartographic method to represent it should be tejec From abroader point of
view, the quality of environmental data should hvaleatedsimilarly.

Early debates on vegetation mapping clearly shothed vegetation cannot be
described in a unique and absolute way. The useufispectral images acquirey
earth observation satellites with a digital fornwnnot avoid such evidence. De
facto the old controversy which opposed physiogstsnand taxonomists still exists
between teams working on the physical modellingvedetation and teams working
on the biodiversity of vegetation. For example, tile French remote sensing
community there is a dichotomy between the seltfaimed 'scientific teams' (i.e.
those who can model 'ecosystems' on different sgalad the ‘application teams'
(i.e. ecologists, geographers and other old-fagtdoground data collectors who
still have scruples about modelling the environmegiimilarly, in the GIS commu-
nity, concepts are discussed mainly by computeciafigts and not by thematic
cartographers who are considered to be 'potergiist or ‘map-layers producers'.

The use of satellite remote sensing data for véigaetanapping, especially



Fig.5. Flood disturbance map in the Garonne valgr an area of 5 kAThe distribution of floodsn
the valley varies according to the local microtaagiy and to the in-channel flow. The increasieger
levels are ranging from O (in white) to 3 m (in kiarey), by steps of 25 cm. This range of floods ca
be observed every year and can better explainate Idiversity of the riparian vegetation thasual
flood frequency maps like in Fig 4b.

riparian vegetation, was considerably more limitedn aerial photographs, yet it
facilitated a more quantitative approach to vegematLimitations were mainly
due to the coarse spatial resolution of data antiécabsence of spatially oriented
classification algorithms. However, in the neamfet progress is expected in both
domains.

For understanding the distribution and the dynamfiiéparian vegetation,
disturbances maps are necessary. The solutioreisghielopment of multi-organi-
sational information systems where botanists adéy foontributing operators,
providing information on riparian vegetation andrtgapating in the conceptual
approach of the GIS. No discipline can create W& @patially oriented informa-
tion system independently from the others. Esphbcial floodplains where the
official environmental approach is often restrictiedan hydraulic vision. Would it
not be more justified to give botanists a little nmoleeway in environmental
studies?
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