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Synthesiss and final conclusions 
J.A.M.J.A.M. Janssen 

Finall conclusions 

Inn this section, the scope of this thesis will briefly be discussed, in order to place the 
synthesiss and conclusions in perspective. For decades, vegetation maps based on remote 
sensingg images form one of the basic documents for management of nature areas and 
evaluationn of the effects of human activity in such areas. The value of these maps is 
determinedd by the synoptic view of the area, provided by the images (spatial patterns) and 
thee indicator value of the vegetation types for site conditions. 
InIn spite of new technical and methodological developments, the end users of these maps 
hadd two recurrent points of criticism concerning the relevance and reliability of the 
informationn presented. Firstly, the information on vegetation maps is not always geared to 
thee information requirements by the nature manager. If this aspect is not considered, a 
managerr may end up with either too detailed or too general information. Secondly, the 
informationn on vegetation maps is not always reliable, or the reliability is unknown. This 
reducess the applicability of sequential vegetation maps for quantitative monitoring, as was 
demonstratedd by a study on monitoring the effects of gas extraction on Ameland (Eysink et 
al.. 1995; 2000). 

Thee objective of this thesis is to study the applicability of sequential vegetation mapping by 
operationall  remote sensing based methods for providing useful information for nature 
management.. The central question of this thesis is: 
Howw can operational methods for  vegetation mapping be used for  monitoring in order 
too provide nature managers with relevant and reliable information on an ecological 
managementt  problem? 
Byy providing methods to significantly improve the relevance and reliability of the 
presentedd information, this thesis contributes to the understanding and ongoing 
developmentt in the quality of (quantitative) vegetation monitoring. 

Threee subquestions have been studied in order to answer the central question. These wil l be 
discussedd here. 

Subquestionn 1. How can information on vegetation maps be matched to the 
informatio nn requirements of nature managers? 

Thee relevance of the provided information by sequential mapping is determined by 
 the indicator value of the vegetation types for the relevant site conditions and processes, 

inn relation to the management question (the thematic scale); 
 the homogeneity of the land units (the spatial scale). 

AA conceptual framework has been constructed (chapter 2) that was used to determine the 
relevantt spatial and thematic scale levels. The framework considers three components: the 
managementt component (questions or aims), the ecological component (vegetation 
successionn series and ecological processes) and the remote sensing component (vegetation 
mapping).. The common feature of all three components is that eventually they refer to a 
concretee tract of land with a specific management problem or aim, processes and 

135 5 



vegetation.. A suited scale level means that the information required for the management 
questionn and for the ecological component as well as the vegetation map are included and 
interchangeablee at the one scale level. If this is not taken into account, vegetation maps do 
nott provide adequate information. 
Soo to determine the relevant thematic scale, management questions are related to ecological 
processes,, ecological processes to vegetation development series and development series to 
locall  vegetation types on the maps. In this thesis, these relations were established with 
informationn from literature and expert knowledge. 
Thee relevant spatial scale is determined by considering the spatial patterns of the relevant 
vegetationn types in the specific area and by comparing these to the spatial resolution of the 
RS-imagess (how homogeneous can the relevant vegetation types be mapped?). This aspect 
iss discussed in the third subquestion. 

Subquestionn 2. What are the uncertainties in vegetation mapping methods and how 
can,, in a change analysis with sequential vegetation maps, methodological differences 
bee separated from real vegetation changes? 

Withoutt a known accuracy vegetation maps have littl e value for a user, particularly in 
quantitativee monitoring programmes. The accuracy of the data depends on uncertainties in 
thee source images and the mapping methods. If maps are used for monitoring, extra 
uncertaintiess arise from a change analysis method and source uncertainties are propagated. 
Sincee uncertainties arise in every step of the way from remotely sensed data acquisition to 
presentationn of the final vegetation map, a detailed analysis was made of all sources of 
uncertainties.. Sources of uncertainty differ in nature and importance depending on the kind 
off  activity they arise from. 

Thee main uncertainties in monitoring by sequential vegetation mapping are (see table 11.1): 
 inconsistency of the vegetation typology (thematic model) in time; 
 inconsistency of the chorological model (land unit boundaries) in time; 
 the accuracy of the translation from photo-elements to vegetation types; 
 the accuracy of the analysed thematic change; this aspect depends on the accuracy of 

thee estimation of the proportion of vegetation types in complex land units and the 
propagationn of this uncertainty in a change analysis. 

Consistencyy in the vegetation typology may be achieved by matching the typology of every 
individuall  map with a consistent local reference typology. For this expert knowledge is 
needed. . 

Inn choropleth maps, boundary inconsistencies may be solved by adapting only those 
boundariess of land units of a previous map that have changed (Previous Boundary 
Method).. This method was shown to increase the reliability of change analysis results. 
Applicationn of the PBM is less important if relatively a lot of changes occur, like in 
relativelyy dynamic areas or if the mapping frequency is relatively low. The PBM may be 
appliedd in any monitoring study that uses a choropleth map, whether it is based on remote 
sensingg or not. 
Inn digital raster maps, resampling may be used to exactly overlay pixels of images of 
differentt recording dates. 
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Thee relation between photo-elements/pixels and vegetation types may be assessed by 
independentt validation. In photo-interpretation a 1:1 relationship between photo-elements 
andd vegetation types may be achieved by carrying out a photo-guided approach. 
Thee translation from spectral values of pixels to vegetation types is the main uncertainty in 
digitall  image processing. The discrimination of vegetation types on digital images may be 
improvedd by using ancillary data for stratification, merging thematic classes, increasing the 
spectrall  resolution of the images, merging sample clusters before image classification is 
carriedd out, adapting the spatial scale to the vegetation patterns in the field, incorporating 
spatiall  information or using fuzzy algorithms in areas where many gradual transitions 
occur.. The largest improvement in the case studies is expected from the use of digital 
imagess with a higher spectral resolution than the applied CAESAR-images (hyperspectral 
images). . 

Thee accuracy in vegetation change analysis with photo-interpretation maps was calculated 
ass a standard deviation for the change value. The s.d. was calculated from the thematic 
photo-interpretationn uncertainty (the uncertainty in the assessment of the proportion of 
vegetationn types within complex land units) and the overlay uncertainty (the area of a face 
comparedd to the original polygon). The resulting error may be decreased by mapping more 
homogeneouss land units, for example by using a larger photo scale or by applying a 
bottom-upp way of boundary interpretation instead of a top-down way or by using the 
Previouss Boundary Method (see chapter 5). 
Forr vegetation changes based on digital remote sensing, the uncertainty of a change was 
calculatedd as a probability measure, from the user's accuracy of the compared vegetation 
typee in all years. It can be calculated from a validation matrix (see §3.4.3) A user's 
accuracyy of minimal 80% was used as a limit for accurate change analysis. 

Tablee 11.1. Main uncertainties in vegetation mapping by photo-interpretation and by crisp digital image 
processing.. Indicated are the ways these uncertainties are handled in the model: by using a 
consistentt model in time as a prerequisite, by quantification in error propagation or finally or 
nott at all. 

Prerequisites s 

Uncertaintiess modelled 
inn error  propagation 

Nott  modelled 

Photo-interpretation n 

Consistentt vegetation classification 
Consistentt chorologic model 
Consistentt geometric model 

Translationn of photo-elements: 1: 1 

Assessmentt proportions 

Overlayy uncertainty 

Fuzzyy boundaries 

DigitalDigital  image processing 
(crispp classification) 

Consistentt vegetation classification 
Consistentt chorologic model 
Consistentt geometric model 

Imagee classification uncertainty 

Mixedd pixels 

Subquestionn 3. What are relevant thematic, spatial and temporal scales for  the 
managementt  issues Mand subsidence' and 'nutrien t accumulation'? 

Aeriall  photography 
Sincee the required thematic resolution depends on the management question or aim and the 
requiredd spatial resolution depends on area specific conditions, both are independent. This 
meansmeans that for a survey at scale 1:10,000 the same amount of field work is needed as for a 
surveyy at scale 1:5,000 (when having the same area and mapping aim). As the optimal 
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spatiall  scales are area dependent, respectively, it is not possible to determine one suited 
remotee sensing technique and method for one specific management question. It is, 
however,, possible to generalise the area specific conditions of the salt marshes of Ameland. 
Forr analogue aerial photographs, figure 11.1 shows the optimal spatial and thematic scale 
forr monitoring vegetation, as concluded from the case studies in chapter 9. In general, 
vegetationn types that form large patterns may be mapped at less detailed spatial scale. For 
example,, nutrient accumulation, which is connected with for example large scale changes 
inn sedimentation rates or regional atmospheric depositions, leads to changes in vegetation 
structuree at a regional scale. Local land subsidence due to gas exploitation causes more 
subtlee changes in floristic composition over very short distances. The second example 
needss a higher thematic and spatial level of detail than the first. If from figure 11.1a higher 
resolutionn than indicated is chosen (spatial or thematic), a nature manager may end up with 
tooo detailed information, which will  negatively affect the cost/efficiency-ratio. However, a 
lowerr resolution provides a nature manager with too generalised information. 

Hon,, beach plain, 

Nieuwll  andsrijd 

coastall  erosion 
(regional) ) 

Nieuwlandsrijd, , 
beachh plain 

nutrientt  accum. 
(regional) ) 

Hon n 

nutrientt  accum. 
(regional) ) 

beachh plain 

landd subsidence 
(local) ) 

Hon n 
landd subsidence 

(local) ) 

Nieuwlandsrijd d 

landd subsidence 
(local) ) 

Landscapee types Veg. structure types Floristic types Floristic types 

Floristicc types (association-level) (subassociation-level) 
(alliance-level) ) 

Thematicc scale ^ 

Figuree 11.1.Optimal thematic and spatial scales for monitoring salt-marsh processes on Ameland with 
analoguee aerial photographs. The optimal scale is determined by the scale of the 
vegetationn types (dependent on the mapping aim and area specific vegetation type 
variety)) and the scale of the land units (dependent on area specific patterns). 

AA major set back in the use of visually interpreted aerial photographs compared to digital 
imagess is the fact that the resulting maps are characterised by a high degree of spatial 
generalisations,, since the land units are presented as choropleths (no information on 
internall  spatial variation). So, although the level of detail of aerial photographs (both 
thematicc and spatial) is, up to this day, superior to digital images (see next section), a lot of 
thiss information is lost due to the mapping procedure. 

Digitall  images 
Thee spatial information provided by the maps based on digital imagery recorded with the 
CEASARR scanner was more detailed than that obtained through photo-interpretation, as the 
pixelss had a higher spatial resolution than the land units derived from photo-interpretation. 
Al ll  areas were mapped as homogeneous pixels. Especially in the complex mosaics in the 
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Figuree 11.2. Optimal thematic and spatial scales for monitoring salt-marsh processes on Ameland 
withh digital RS-images. The optimal scale is determined by the classification accuracy, 
whichh is related to the spatial and spectral resolution of the images and the complexity 
off the classification method. The optimal scale depends on the mapping aim and area 
specificc variety and patterns. The dotted arrow indicates the direction for research on 
improvementt of the mapping accuracy: images with higher spectral resolution and/or 
fuzzyy classification methods. 

depressionss of the middle salt marsh of the Hon, where vegetation differs over very short 
distances,, the resulting mixels causing significant uncertainty. However, the main 
limitationn for using the digital images is the identification of the vegetation types, which is 
relatedd to the thematic resolution (figure 11.2). In unsupervised classification methods, 
classess can only be distinguished reliably if their spectral signatures differ strongly. In 
coastall  areas, the application is limited to monitoring of erosion and sedimentation 
processes.. However, this can be done with high spatial accuracy. 
Supervisedd classification may be used on salt marshes to map different vegetation types. In 
general,, this approach performs well if not too many classes have to be distinguished and 
thee relationship between thematic classes and spectral classes is good such as in ungrazed, 
clayeyy salt marshes, like the Rattekaai. In sandy salt marshes the diversity of vegetation 
typess is higher and the accuracy of the classification too low for monitoring effects of land 
subsidencee and nutrient accumulation. The main improvement in identification of salt-
marshh types is expected to result from images with a higher spectral resolution than the 
CASEAR-imagess (figure 11.2). In areas with many gradual transitions, fuzzy algorithms 
providee better classification results (figure 11.2). At this moment, research with fuzzy 
techniquess in a salt-marsh environment has not been developed far enough to draw final 
conclusionss on its potential application. 

11.2. . Implicationss for nature management 

Thee conceptual framework of chapter 2 may serve as a practical tool for improving the 
communicationn between nature managers and vegetation scientists in order to establish an 
efficientt and economic methodology for monitoring vegetation and landscape ecological 
processess in coastal areas. A nature manager should start a monitoring program by thinking 
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aboutt the management aim. Both the vegetation surveyor and nature manager should think 
aboutt what ecological parameters are relevant. Finally, the vegetation surveyor and/or 
remotee sensing specialist may decide with which techniques and with what mapping 
frequencyy these parameters can be monitored accurately and reliably. In this way, the 
frameworkk enables the choice of a suitable remote sensing mapping procedure for a 
specificc problem. 
Thee conceptual framework is not area specific and is broadly applicable for mapping and 
monitoringg in different ecosystems. However, for the application in distinct areas it is 
necessaryy to have knowledge on vegetation development series for different physiotopes, 
steeringg processes within these physiotopes, the expected impact of management activities 
onn these processes and vegetation succession, the spatial patterns in which vegetation types 
occurr (scale aspects) and the suitability of remote sensing techniques for mapping 
ecosystemm parameters. 
Iff  the conceptual framework can be filled in completely, it may be used for evaluation of 
managementt activities and for prediction of changes resulting from management activities 
orr natural processes. Prediction is possible within stable abiotic conditions at a smaller 
scale.. For example, the development of vegetation within a low salt marsh may be 
predicted,, but the erosion of the entire lower salt marsh as a result of extreme storms cannot 
bee predicted. 

Changess in vegetation types may result from many causes. Therefore, it is very important 
too know all ecological processes that may affect vegetation and to separate between 
differentt causes. Vegetation mapping does not provide sufficient information to relate 
vegetationn succession unambiguously to processes. Ideally, vegetation mapping is 
combinedd with observations from permanent plots (PQs) and abiotic measurements. PQs 
providee complementary information to vegetation maps. PQ-information may be used to 
determinee succession series and relate vegetation changes to abiotic data. Besides they are 
necessaryy to assess changes in species richness. Abiotic measurements are needed to 
unambiguouslyy relate vegetation changes to abiotic conditions. For example on the 
Nieuwlandsrijdd it was not certain, whether regression in vegetation was caused by land 
subsidencee or by changes in grazing pressure, as these aspects had not been measured 
separately.. In order to separate several causes of vegetation change, experiments are 
necessary.. In fact, repeated monitoring is very useful to bring forward hypotheses on 
causess of change. These hypotheses can be tested in an experimental design. The analyses 
off  PQ-information may also be used to determine the rate of vegetation succession and in 
thatt way the required frequency of vegetation mapping. Physiotope information may be 
neededd for prediction of vegetation succession, as vegetation types may develop differently 
inn different physiotopes. Physiotope information may be derived by a landscape guided 
approachh to vegetation mapping, but is not derived in digital image processing. 

11.3.. Perspectives on remote sensing techniques 

Thee conclusions in this thesis are based on coastal salt marshes on the island of Ameland. 
Thesee are relatively dynamic areas with natural vegetation. The dynamics result in 
relativelyy complex, coarse vegetation patterns that change rather quickly. In these areas, 
remotee sensing is used for determining land-unit boundaries and identifying the content of 
landd units. The conclusions apply also to other dynamic areas with similar patterns and 
processes,, like river floodplains, dry dunes and most other coastal areas. In agricultural or 
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otherr intensively used areas, man mainly determines the spatial patterns. The boundaries of 
thesee patterns are often crisp and known (e.g. from topographic maps). In this instance, 
remotee sensing may be used only for identification of thematic parameters rather than for 
determinationn of both boundaries and thematic parameters. This is still one of the big 
challengess in remote sensing research for natural areas. 
InIn dynamic areas, in general, there is a clear relationship between vegetation types and 
abioticc conditions. Due to the dynamic conditions, most vegetation types consist of a single 
layerr and include one or a few dominant species. This results in a relatively good relation 
betweenn vegetation types and spectral characteristics on remote sensing images, which 
makess these areas relatively suited for the use of remote sensing. If changes occur 
relativelyy quickly, the exact boundaries of land units are less important, compared to the 
thematicc content of the land units. 
Forr the most dynamic areas, changes between vegetation and bare soil may be monitored 
byy the simplest methods, like unsupervised classification. In these areas, PQs add relatively 
littl ee information to the vegetation maps. 
Inn less dynamic areas, in general, vegetation succession rates are lower, vegetation types 
includee rarely dominant species and boundaries being gradual. In these areas, the used 
digitall  remote sensing images showed too littl e spectral detail to identify small differences 
inn space and time. The application of remote sensing is feasible at a relatively low 
frequencyfrequency (large changes) or by using more detailed classification methods (like fuzzy 
algorithms)) and images with a higher spectral resolution. Hyperspectral images may prove 
too be an important step forard to overcome thsi problem. In these areas, information from 
PQss adds a significant amount of information to vegetation maps and should be used 
complementaryy to vegetation change maps. Application of the Previous Boundary Method 
iss comparably important, as patterns change more gradually. 

Inn general, compared to aerial photographs, digital image processing provides spatially 
moree detailed, more objective information and relatively simple methods of change 
analysis.. Photo-interpretation has the advantage to provide a better identification of 
differentt thematic classes, as more spatial and thematic information can be used for 
interpretationn (by the stereoscopic, synoptic view) and a photo-guided field survey may be 
appliedd for areas where confusion occurs. 
Forr operational use of digital image processing (within crisp land units) the accuracy has to 
bee increased. The largest increase is expected from a higher spectral resolution 
(hyperspectrall  images) and from more detailed classification methods, like fuzzy 
classification.. Alternatively, the combination of different types of remote sensing, like 
opticall  remote sensing and digital elevation models from laser measurements, have 
potentialss for more accurate mapping of vegetation and landscape. Future research should 
focuss on the applicability of these digital remote sensing methods for operational 
monitoring. . 
Ass both methods are complementary, the combination of photo-interpretation (for 
detenniningg land unit boundaries in a hierarchical way) and digital image processing (for 
determiningg land unit content) has a high potential for optimal vegetation monitoring. In a 
monitoringg programme, photo-interpretation should be carried out according to the 
Previouss Boundary Method. 
Thee validation of information in the field remains necessary for all types of mapping based 
onn remote sensing images. 
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