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Executive summary 

The Food and Environmental Research Agency (FERA) have a requirement to understand the 

location of larch (Larix) plantations, bilberry (Vaccinium myrtillus) and heather (Calluna vulgaris) in 

the context of the latest outbreak of Phytophthora ramorum.  Larix is a major sporulator for P. 

ramorum, therefore there is a need to map their location with respect to other potential hosts such 

as Vaccinium myrtillus / Calluna vulgaris heathland.  Information held on the location of Larix forests 

held by the Forestry Commission are thought to be good, but there is limited information on the 

privately owned Larix forest, which in some parts of the UK is a significant contributor to the 

resource.   

This report presents the findings of an initial feasibility study into the potential of using remote 

sensing to map the location and distribution of larch (Larix) plantations, bilberry (Vaccinium 

myrtillus)  and heather (Calluna vulgaris). The relationship between these plantations and bilberry 

(Vaccinium myrtillus) / heather (Calluna vulgaris) heathland was also investigated at two study sites.  

The two study sites were chosen to include areas where Phytophthora ramorum is a known 

problem; one in South Wales and one in South West England, which both included a 50-100 acre 

forestry block together with some heathland habitats in close vicinity.   

Several methods of mapping were evaluated, including the use of satellite and aerial imagery, and 

the suitability of using unmanned aerial systems (UAS) imagery for mapping the extent of target 

communities and the extent of the disease.   These techniques allowed the development of a multi 

scaled approach, ensuring that the strengths and opportunities afforded by different earth 

observation sources could be targeted to the different needs of inventory and monitoring activities.  

The image analysis techniques used were based on the automated segmentation (or digitising) of 

the imagery with the development and application of a rule-base to the data.  The object-based 

analyses developed were able to facilitate the use of multiple data sources within a single, coherent 

work flow.  For a baseline inventory of Larix, Vaccinium and Calluna, satellite data could be used to 

identify communities at a broad scale, and would importantly help exclude vegetation types not of 

interest.  The increased spatial resolution of multi-season aerial and UAS photography allows Larix to 

be mapped to a much higher degree of spatial accuracy.  In addition the flexibility of the UAS system 

shows it can be an important tool in monitoring individual forest blocks for signs of disease. 

Finally a plan of action was proposed for rolling out this approach over a region or country to guide 

thinking in terms of tasks, skills and resource allocation.  It sets out the alternatives in terms of 

imagery and data which need to be explored in order to develop a coherent and cost effective 

approach. 
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Glossary 

ArcGIS Suite of Geographic Information System (GIS) products produced by ESRI. 

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer on 

board of the Terra platform. 

Boolean A system of logic/algebraic processes (e.g. AND, OR). 

CAA Civil Aviation Authority. 

CONOPS Concept of Operations 

DEM Digital Elevation Model. 

DSM Digital Surface Model. 

DTM Digital Terrain Model. 

eCognition Object based image analysis software distributed by Trimble. 

EM Spectrum Electromagnetic Spectrum. 

EO Earth Observation. 

ERS European Remote Sensing Satellite 

ESA European Space Agency. 

Fuzzy membership 

function 

A mathematical function that defines the degree of an elements 

membership in a fuzzy set. 

GIS Geographic Information System. 

GMES Global Monitoring for Environment and Security. 

IHS Intensity Hue Saturation.  

IRS Indian Remote Sensing Satellite. 

NDVI Normalised Difference Vegetation Index (Vegetation index that exploits the 

red edge). 

NIR Near infrared part of the electromagnetic spectrum. 

NPV Non Photosynthetic Vegetation. 

Object Grouping of pixels identified as an image segment by eCognition. 

Orthorectification Process of geometric referencing of an image to a map coordinate system 

that considers variations in the topography of the earth surface and the tilt 

of the sensor. 

Pre-processing Ortho, atmospheric, topographic and other corrections to prepare imagery 

for processing. 

Primitive Image based on a mathematical equation, can be points, lines, curves or 

polygons. 

PV Photosynthetic Vegetation. 

Quickbird Very high resolution commercial EO satellite. 

RGB Red Green Blue. 

Ruleset Combination of processes and rules used to define classes. 

Segmentation Grouping of pixels based on similar values – a type of automated 

vectorisation (digitising). 

Shapefile A set of files used by ESRI Arcmap that contains points, arcs or polygons 

holding tabular data and spatial information. 

SPOT Satellite Pour l'Observation de la Terre, French optical imaging satellite 

supporting the optical HRG (High Resolution Geometric) sensor. 

SWIR Short Wave Infrared part of the electromagnetic spectrum. 
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TIR Thermal Infra-Red part of the electromagnetic spectrum. 

Topographic 

shadowing 

Shadowing of a surface by the surrounding topographic relief and as a 

function of solar angle. 

UAS Unmanned Aircraft System, term used interchangeable with UAV. 

UAV Unmanned Aerial Vehicle - an unmanned aerial platform that can carry a 

sensor. 

VNIR Visible Near Infrared part of the electromagnetic spectrum. 

Worldview-2  Very high resolution commercial EO satellite. 
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1. Introduction 

Environment Systems Limited, working with Callen - Lenz Associates Limited, were commissioned by 

The Food and Environment Research Agency (FERA) to undertake an initial feasibility survey into the 

potential of using Remote Sensing to map the precise locations and areas of larch (Larix) plantations, 

and to investigate the relationship between these plantations and bilberry (Vaccinium myrtillus) / 

heather (Calluna vulgaris) heathland.  

There is a requirement for FERA to understand the location of stands of Larix and Vaccinium 

myrtillus / Calluna vulgaris heathland in the context of the latest outbreak of Phytophthora ramorum 

(P. ramorum) infecting Japanese Larch (Larix kaempfery) and European Larch (Larix decidua) trees. 

These trees are grown commercially in the UK.  Larix kaempfery was first found to be affected by the 

disease in the UK during 2009 (Forestry Commission, 2010) whereas the first Larix decidua infected 

tree was found during March of this year (Forestry Commission, 2011).  Since that date the threat of 

the disease has caused the early felling of about 2 million Larix kaempfery trees in the UK.  

Locational datasets of Larix forests held by the Forestry Commission are thought to be good, but 

there is limited information on the privately owned Larix forest, which in some parts of the UK can 

form nearly half the forest resource.  With Larix being a major sporulator for P. ramorum, there is a 

need to map their location with respect to other potential hosts such as Vaccinium myrtillus / 

Calluna vulgaris heathland. 

This project investigates the use of a variety of remote sensing techniques which could be used to 

map and monitor the distribution of the host species, Larix and Vaccinium myrtillus.  The report 

looks at the different techniques and explores how effective they are for the identification of host 

species.  An evaluation is undertaken of the role of different industry standard systems such as 

satellite and air borne optical sensors; in addition the emerging potential for Unmanned Aerial 

Systems (UAS) data capture is also considered.  

1.1.  Project Aims  

The aim of this project is to provide FERA with the necessary information to assess the practical 

scope for the use of remote sensing techniques to map the precise locations and areas of Larix 

plantation and Vaccinium myrtillus / Calluna vulgaris heathland.  Various methods of mapping are 

considered and evaluated.  Two study sites were chosen, one in Wales and one in South West 

England, each study site included a 50-100 acre forestry block together with some heathland 

habitats in close vicinity.  The project aimed to: 

1. To assess the potential of using Remote Sensing to map the precise locations and areas of Larix 

plantation. 

2. To assess the potential of using Remote Sensing to map the precise location of Vaccinium 

myrtillus / Calluna vulgaris heathland plants especially in the vicinity of Larix trees.  

3. To explore the suitability of using UAS imagery for accurate Larix crown identification and 

possible use for monitoring the spread of the disease through phenological change detection.  
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4. To assess the potential for the monitoring of Larix and heathland health through the growing 

season using UAS systems. 

1.2.  Background: Phytophthora ramorum 

The Phytophthora pathogens are fungus like organisms that kill a high proportion of the trees they 

infect (Forestry Commission, 2010).  The P. ramorum pathogen kills Larix trees within one growing 

season from the time the first signs of infection appear (Forestry Commission, 2011).  This is a very 

rapid progression compared to other tree diseases.  

Symptoms displayed by Larix infected by P. ramorum are wilting of shoot tips, blackening and 

necrosis of needles, bleeding of resin in branches and upper trunk, the tree canopy turning grey with 

branch and shoot dieback displaying a distinctive ginger colour. 

Not all species infected by P. ramorum sporulate, but Larix allows the fungus to sporulate heavily by 

comparison to other infected species, increasing the need for understanding the distribution of this 

species and infected trees in order to control the outbreak.  The Phytophtora pathogen spreads 

through direct contact of infected plants, soil, debris on footwear/vehicles/animals and pruning 

tools, is carried in water (rain, overhead irrigation, water runoff) and by wind (Defra, 2008). 

P. ramorum was found to infect European larch (Larix decidua) for the first time in the UK during 

early March 2011 at a site in Cornwall, however, it has not yet been confirmed whether European 

Larch is a host sporulator for the disease.  Larix kaempfery, Larix decidua and Larix x eurolepsis 

(Hybrid larch) are the only Larix species currently grown in Britain, with P. ramorum only known to 

affect Larix kaempfery and Larix decidua.  

Other known hosts to P. ramorum commonly found in the proximity of Larix plantations are 

Vaccinium myrtillus and Calluna vulgaris (Forestry Commission, 2010), while Vaccinium myrtillus is 

also a confirmed host to P. kernoviae (FERA, 2009).  Both of these species are key components of 

several Annex I and Biodiversity Action Plan (BAP) Priority Habitat types protected by UK and 

European legislation. These habitats also support a range of other significant species, therefore the 

infection of heathland could be a major cause for concern.  The close proximity between Larix and 

heathland increases the need to accurately map those species growing in close proximity of Larix 

stands.  It should be noted that the symptoms caused by P. ramorum are not unique and can be 

confused with the symptoms caused by other plant pathogens, including other types of 

Phytophthora (USDA, 2010) and the disease can only be confirmed through laboratory diagnosis.  

1.3.  Relationship between plantation woodland and Vaccinium myrtillus  

Upland heathlands and bogs were targeted areas for forestry plantation during the 1950s, 1960s and 

1970s.  At this time these areas were felt to have little agricultural potential and their importance as 

a provider of ecosystem goods and services, had not yet been established.  In areas of upland 

blanket bog it was necessary to significantly alter the underlying vegetation prior to planting and 

although much of the vegetation was destroyed, sufficient propagules survive, allowing clearings 

and rides to soon become re-populated with heath and bog species, once forestry work ceases.  

Within the steeper valley sides the trees were planted into the existing heathlands and in more open 
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areas it can persist as an understory.  The forests often adjoin remaining upland heathland and 

blanket bog mosaics, making the occurrence of a disease which affects both plantation and native 

species of particular concern. 

1.4.  Current mapping of forest stands 

The Forestry Commission manages much of the commercial forestry resources in the UK.  They have 

a full range of different scale maps and plans, dealing with different levels of detail, including tree 

species and proportions of tree species within each ‘coupe’ or area of forest.  However, in order to 

soften traditional planting patterns, small stands of Larix are often planted within a larger forest 

block, therefore the exact location of a small percentage of Larix in a multi-species coupe may not be 

well documented.  There are also significant tracts of forestry which are owned privately, which do 

not necessarily have any detailed mapping.  To allow for accurate monitoring of the P. ramorum 

pathogen progression, it is important to have a good understanding of the location of Larix in these 

areas.  Remote sensing offers an excellent method for mapping woodland as species can be 

identified from above, and large areas can be considered at any one time.  There are many 

operational remote sensing platforms and a number of associated issues which need to be 

considered.  Some of these issues are outlined below. 

1.5.  Features of Remote Sensing 

Remote sensing derived tree maps and classifications have been successfully undertaken using a 

range of satellite and airborne data.  Features that affect the scale, minimum mapping unit and 

detail of maps from remote sensing sources include the spatial scale of the sensor, its spectral detail 

and the availability of ancillary data: 

1.5.1.  Spatial resolution 

The spatial resolution of satellite data is measured in pixels, this is the smallest unit of measurement 

covered by the sensor on the ground.  A sensor such as LANDSAT has a 30 metre pixel size, whereas 

SPOT has a 10 metre pixel size. In either case a pixel will contain information about a group of trees.  

When considering whole woodland having a piece of information for each 30m2 or 10m2 area is 

adequate. However, when individual trees or small blocks of trees need identification, then this 

spatial scale may not be sufficient.  There are some satellite sensors that record data at the metre 

level or below and air borne photography can also capture much higher resolution data.  However 

higher spatial resolution, consequently incurs more expense both in terms of data acquisition and 

image processing. 

The current standard method for assessing individual tree health is to commission helicopter flights 

for visual observation, manually mapping the location of individual and small patches of trees.  

Recent technical developments provide an alternative to this, through the use of small, lightweight 

UAS. These systems are capable of providing highly accurate, georeferenced images of forestry 

blocks.  This data can then be analysed by its spectral properties to give a map of the forest and also 

a map of individual or small blocks of trees.  This can then be used in a systematic way as a 

monitoring baseline, against which to record change.  The differences in spatial resolution make it 

necessary to consider a multi-scaled approach to the Phytophthora mapping issue, lower resolution 
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data to find Larix blocks quickly and cost effectively and then a more detailed survey to look at 

health and monitoring.  The trade-off between spatial resolution and image capture coverage is 

shown in the Figure 1 below. Not all of these aircraft commonly carry sensors, capable of producing 

imagery suitable for analysis by remote sensing techniques.  Helicopters are normally used for 

capturing fixed frame landscape photography for manual interpretation.   The figure also shows how 

important it is to choose the right platform for the level of detail and coverage required.  

 
 Figure 1. UAS level of detail vs. coverage. 

The use of UAS platforms has a number of benefits: 

• The ability to acquire very high resolution imagery; 

• Ideally suited to monitoring requiring high temporal resolution; 

• Derivation of fine resolution Digital Elevation Models (DEMs), by post-processing of stereo 

imagery; 

• Ease of deployment and flexibility compared with manned aircrafts;  

• The ability to follow a very precise flight path (using a programmable autopilot), allowing 

easy repeatibility, low noise and low carbon footprint.  

In addition, the relative low cost of acquisition with respect to manned aircraft derived data, 

flexibility and benefit from flying under cloud cover or low light conditions make the use of UAVs an 

alternative to helicopter flights for accurate tree classification that needs to be further explored.  
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1.5.2.  Spectral detail 

Spectral detail describes the number of spectral bands of information captured for each pixel.  In 

terms of vegetation identification the most common spectral bands used are: 

• Red light - generally absorbed by plants (as it is used in photosynthesis);  

• Green light - reflected by most plants; 

• NIR (0.7 - 1.3 µm) light, which can penetrate through vegetation level and is generally 

reflected from the lower leaf surface.  The strength of this signal therefore varies depending 

on the structure and function of the leaves; 

• Short wave infrared (SWIR) light - level of reflectance is due to the moisture or water 

content of the surface.    

Because the bands capture information about the structure, function and wetness of the leaf, it is 

thought that there may be a specific set of bands that will describe diseased trees.   Q-DETECT and 

RAL are currently investigating spectral changes of Larix needles during senescence and infection by 

comparing their spectral signatures to those of healthy trees, this project is ongoing and no report 

has been produced to date. However, the results would be of interest to this study as if a spectral 

signature is found it could be possible to use a UAV borne sensor array that can identify this 

signature, enabling accurate disease tracking to be undertaken. 

1.5.3.  Remote sensing classification 

For over a decade, ecologists and remote sensing specialists have been developing automated 

techniques for vegetation classification using remotely sensed data and there is now considerable 

activity in this field.  Automated methods can be coarsely divided into two types, pixel based 

classifiers, which look at features of individual pixels within an image, and object based classifiers, 

which look at groups of pixels with similar characteristics understanding them as 'objects'.  With the 

increase in computing power and more sophisticated programs, object orientated rule based 

approaches have been developed.  These are complex object based methods which use a number of 

different scaled datasets, and are 'taught' about ecological features, as detailed combinations of 

rules.  These rules allow different ecological features to be automatically separated from the 

imagery.  The better the ecological training, and the better and more diverse the imagery, the better 

the result. 

1.6.  Related studies 

Existing studies have explored the suitability of several different types of remote sensing imagery 

with different spatial and spectral ranges.   

Hajek (2004) used very high resolution satellite imagery to perform object-oriented classification of 

tree species. In his study he obtained high accuracy for Larix classification by introducing signal 

processing algorithms to the classification.  A drawback of this approach is the elevated acquisition 

price of very high resolution satellite imagery and the high likelihood of cloud cover for images 

captured over the UK. 
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A Forestry Commission England funded study by the Southampton University Geodata Institute, 

using much lower resolution imagery obtained significantly lower accuracies.  Accuracies obtained 

varied according to patch size and percentage of Larix cover.  Accuracies were greatly increased by 

using a shape index, however fewer parcels matched the criteria, making this approach only suitable 

for large parcels with simple shapes.  

A Forestry Commission Wales supported MSc thesis came to the same conclusions. Discrimination of 

Larix and other conifers could not be performed with only satellite data, but was achieved by 

introducing CIR aerial photography into the classification.  Classification was improved further by 

taking into consideration relief and aspect of layers. 

Gougeon and Leckie (2006) used an individual tree crown approach on very high resolution imagery. 

Their approach delineated individual crowns of medium to high density forested areas by first 

following valleys of shade between trees, this approach was then compared to results from local 

maxima tree delineation. The local maxima approach relies on finding the local maxima first then 

finding the crown edges. Those approaches were subsequently compared to field counts. Both 

methods results were 15% off when compared to tree counts, with a total accuracy of 67%. This 

study concluded that Ikonos images may not be suitable to produce “real” tree delineation. However 

the results from the individual tree crown approach are promising for stand level delineation. 

The previous work shown above shows that delineation of Larix is possible with good data. It also 

demonstrates that there is a minimum mapping unit for each scale of data, below which the signal 

to noise ratio of the image leads to an unacceptable amount of misclassification.  For most satellite 

imagery this scale will be the level of forest block, for high resolution data it may be an individual 

coupe, or crown. 
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2. Project approach 

This project examined two issues.  The first issue was concerned with mapping extent and location 

of target species.  The second issue was an evaluation of the information gathered from the sensors; 

in particular if UAS data could be used to examine die back and tree health. These issues are picked 

up in the discussion section. 

The mapping and inventory work was evaluated at three different scales.  In order to obtain an 

accurate picture of the distribution of Larix and Vaccinium it is firstly necessary to identify coniferous 

woodland areas.  There is not sufficient spectral information present to identify Larix if all other land 

covers are considered during the analysis, for example Linseed and Larix have a similar spectral 

signature at certain times of year, but can be completely separated contextually as linseed does not 

occur in forestry blocks. Once coniferous woodland has been identified accurately, it is then 

conceptually straight forward to separate Larix from other conifers based on spectral signatures 

alone.  Therefore, the first stage is to classify all the coniferous woodland.  The second is to find the 

Larix within these areas.  This analysis can be carried out at different scales, with individual trees 

only identifiable from detailed airborne data.  

The use of different scale data and knowledge is a key benefit of an object orientated rule based 

approach, as this type of contextual information can be built into the classification. However, the 

order of classification then becomes a critical factor in producing a successful inventory. In order to 

examine the integrated, hierarchical system each spatial scale is described separately: 

1. Identification of Larix forest blocks and Vacciumun/Calluna heathlands from satellite 

derived remote sensing. 

2. Identification of Larix coupes within other area of coniferous forestry using winter leaf 

off CIR aerial photography. 

3. Identification of small stands or individual Larix trees and Vaccinium/Calluna at detailed 

case using UAS data. 

Within the discussion we evaluate how well imagery collected from a UAS could be used to indentify 

dead or dying trees within predefined Larix stands.  This is a pilot stage investigation with several 

possible lines of enquiry to follow up this growing season, as the time of year becomes more 

appropriate for identification of infected trees. 

2.1.  Study areas 

Two areas were selected for the study, these provide a range of habitat types with both Larix 

plantation and nearby heathland. The availability of a large amount of data within Wales in terms of 

satellite imagery and air photography including NIR photography meant that Wales was ideally 

placed to provide information on the mapping inventory part of the study, and become the main 

area of effort.  This data was made available to this study by the agreement of the Countryside 

Council for Wales, where it is used in the Wales Habitat Inventory Project. The other area where P. 

ramorum is prevalent is the South West of England.  Initially sites in Cornwall were proposed, 

however following consultation with the Forestry Commission a site in Somerset was selected.  At 

this location heathland is amongst the woodland and the area around has been agriculturally 
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improved giving significantly different conditions to the Wales study area which is situated in a deep 

valley with an adjoining area of open moorland to the North of Neath.  

2.1.1.  Study Site 1 

A site (Figure 2) located near Treherbert, north of Neath, in South Wales was chosen (Latitude 51° 

41’ 11’’ N Longitude 3° 34’ 5’’ W), this area is of particular interest as it contains Larix, Vaccinium 

myrtillus and Calluna vulgaris growing within a small perimeter. Furthermore the study site is 

situated in one of the regions of the UK with the greatest climate suitability for P. ramorum 

proliferation due to comparatively mild temperatures and high atmospheric moisture content 

(Forestry Commission, 2010). 

 

 Figure 2. Location map of Neath site. 



14 

 

2.1.2.  Study Site 2 

The second site chosen is situated in the woodlands around Croydon Hill (51° 9' 38.088" N 3° 26' 

53.628" W). This study site was selected as a suitable location following consultation with Forestry 

Commission England.  Several areas of plantation forestry and heathland had been identified within 

the areas specified by the Forestry Commission.  However the plantation identified as being the 

most suitable for the trial was inaccessible due to sensitive nesting raptors. Owing to difficulties 

obtaining access to the woodlands and subsequent time constraints only one study site was flown in 

the SW.  The Croydon Hill site is shown in Figure 3.  

 
 Figure 3. Croydon Hill site. 
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2.2.  Classification Approach 

Object orientated rule based analysis was used in this pilot study as it allows the following: 

• It provides a systematic method of analysis; 

• can use multiple scales of imagery depending on the features that needed to be identified; 

• can incorporate a number of contextual data sets coupled with sound ecological / forestry 

knowledge; 

• it is not costly to repeat or improve upon and can be adapted to differing bio-geographical 

zones; 

• can deal with some temporal variability in the imagery, using this to help classify or 

characterise habitats and habitat features;   

• can accurately describe areas of certainty and uncertainty, ecotones and mosaics. 

Two features are important in the use of an object orientated rule based approach.  The first is the 

delineation of the objects using a process called segmentation, the second is the classification of the 

objects within a rule base.  

The successful classification of remote sensing data requires careful initial preparation of the 

satellite imagery.  This preparation comprises three main technical elements: geometric, 

atmospheric and topographic corrections.  These processes align the satellite images with other 

datasets (e.g. in a GIS platform), for consistent application of pre-processing techniques to remove 

the atmospheric and topographic inaccuracies within the imagery for accurate classification.  Details 

of the processes carried out on this imagery can be found in Annex 1.  All imagery used in the Wales 

case study had been previously corrected for the CCW Wales Habitat inventory project. 

The methods employed in this study for each of these techniques is described in the section below. 

2.2.1.  Segmentation 

Segmentation techniques are not a new domain within computation, they are however a relatively 

new way of classifying EO data. Historically, a process of manual digitisation of areas of interest 

following an extensive field campaign would be undertaken.  However with the increased necessity 

for high-spatial resolution imagery analysis, and the availability of commercial or non-commercial 

software packages, segmentation processes have become increasing useful as these enable a rapid 

separation of image pixels into a representative form of the real world component they depict 

(Blaschke et al., 2004). 

In high spatial resolution imagery, pixels can be grouped together to form objects, those can 

represent the characteristics of land-cover groups considerably better than single pixels can. 

Therefore, groups of adjacent pixels when organized into objects will in turn be treated as a 

minimum classification unit (Yu et al., 2006). These objects are defined as basic entities which are 

located within an image, where each pixel group is composed of similar digital values, and possesses 

an intrinsic size, shape, and geographic relationship with the real-world scene component it models. 

Therefore, the objects can be said to be spectrally more homogeneous within individual regions than 

between them and their neighbours.  
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Within this study, segmentation was undertaken using Trimble eCognition software. Where 

available, OS MasterMap layers relating to buildings, roads and rivers were used to guide the 

segmentation.  The Trimble eCognition multi-resolution segmentation algorithm creates image, or 

grid, data segments which are primarily based upon three criteria: scale, colour and shape 

(smoothness and compactness). Scale is the heterogeneity acceptance within a segment whilst 

colour, smoothness and compactness are all variables that accentuate the segments spectral 

homogeneity and spatial complexity.  

2.2.2.  Rule Base 

There is a clear advantage from an ecological perspective in using an object based classification 

opposed to pixel based classification as landscape mosaics are composed of patches and these can 

be identified as objects (Laliberte et al., 2004). 

Within eCognition both the spatial and spectral information of an object can be considered. 

Furthermore it is capable of processing a large number of remote sensing datasets and has the 

ability to include ancillary information in the segmentation process.  

To undertake the rule based classification, thresholds were developed for each class using various 

image layers and from derived indices within eCognition.  For consistency, the decision rules were 

based on the knowledge of a single operator utilising knowledge acquired during previous projects 

of a similar nature.  Rules for each class were acquired by obtaining upper and lower boundaries for 

each band.  The band(s) that best enabled the discrimination of each class was chosen and the upper 

and lower boundaries used as selected threshold values.  

The data produced can be readily integrated into GIS software for visualisation and analysis as the 

objects produced are easily represented by polygons and converted into ArcGIS (ESRI) compatible 

shapefiles. 

Rules can be developed which are classified using threshold values to give ‘crisp’ classes. These rules 

are particularly suited for plantation woodland as it has definite edges and does not in general form 

ecotones or mosaics.  eCognition has an additional function for looking at native habitat such as 

heathland were fuzzy boundaries can be defined which allow ecotones and mosaics to be 

considered.  Fuzzy mapping is explained below. 

2.2.3.  Fuzzy logic and membership function  

The fuzzy logic approach uses a different conceptual model to classify objects than that employed 

for traditional hard classification approaches such as the maximum likelihood. The theory of fuzzy 

logic is based upon approximate reasoning whereby fuzzy sets display strength of membership for all 

potential classes, with the degree of membership to any particular class provided by a membership 

function. The stronger membership values will denote the potential for a particular class to be 

present in that sample and therefore be present within the final hard classification. 

Fuzzy classification is particularly valuable when analysing mixed pixels as this process assesses the 

potential of an object to belong to more than one class. Further advantages of object based 
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classification are the ability to consider features such as shape, group statistics, texture and 

topography.  Classification is obtained through a hierarchical system of image objects, where each 

object has a known relationship with its neighbours, sub-objects and super-objects. This approach 

allows a very precise analysis of features present in an image (Benz et al., 2004).  

The use of fuzzy membership functions has introduced flexibility into the classification of vegetation 

types and potential for associating several memberships with mapped objects. The main strength of 

the fuzzy logic method is that it enables more than one class to be chosen dependent upon the 

strength of the membership (between 1 and 0) for the samples of that chosen class. Therefore, 

instead of having explicitly defined classes that symbolise a combination of land-cover types, only a 

core set of single layered classes will be required. 
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3. Inventory and mapping of Larix forest blocks and Vaccinium / Calluna heathland 

from satellite derived remote sensing 

3.1.  Data 

3.1.1.  Satellite sensors and data 

Satellite imagery from 3 different sensors (Spot 5, ASTER and IRS) was used in the study.  This data 

was used with permission of Countryside Council of Wales as it forms part of the datasets in use for 

the classification of habitats within the Wales Habitat Inventory project. In addition a number of 

significant ancillary datasets are incorporated to give context and add information.  Full details on 

the datasets used can be found in Lucas et al. 2011. In summary the following datasets were input 

into the rule base: 

1. Time series of spring / summer multispectral imagery spanning up to a three year 

period:   

• SPOT High Resolution Geometric data (10 m re- sampled to 5m) March and 

February 2003 

• Terra-1 Advanced Spaceborne Thermal Emission and Reflection Radiometer 

(ASTER) March 

•  Indian Remote Sensing Satellite (IRS) LISS-3 data - July 2007 

2. Derived datasets (see Lucas et al., 2011): 

• vegetation indices,  

• fractional images non photosynthetic vegetation/ Photosynthetic vegetation and 

shade 

3. Ancillary information (digital terrain model (Next Map Britain),  OS MasterMap, Land 

Parcel Information System field boundary data (LPIS)). 

4. High resolution airborne imagery (40 cm spatial resolution) was used for visual 

assessment of the vegetation cover.  

3.1.2.  Other datasets used 

Vector data from the Forestry Commission representing sites where Larix is planted was used for site 

selection.  In addition this data was used to help train and establish the rule base.  Because we have 

only one set of data on the distribution of Larix, together with our visual assessment of imagery we 

were unable to undertake an accuracy assessment, as this requires an independent dataset. 

Accuracy levels could be rigorously assessed using an independent dataset (if available) and/or field 

validation in a future survey. 

Considerable expertise has been built up in the Wales habitat inventory program about classification 

of habitat types, however Larix plantations were not specifically identified as part of this process, 

therefore, new rules needed to be developed.  Calluna and Vaccinium are identified by a number of 

rules in many of the Habitat Inventory projects, however, the composition of heath changes over the 

different biogeographical zones of Wales. Therefore although there was a good starting point for 
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rule development for these habitats further refinement has been undertaken in order to get a best 

fit. 

In order to identify the features several stages are necessary: 

• Object identification 

• Object classification – areas with discrete boundaries  

• Classification of areas using fuzzy membership where vegetation comprises complex mosaics 

or ecotones 

The rules coupled knowledge of ecology and the information content of these remote sensing data 

using a combination of thresholds, Boolean operations and fuzzy membership functions.  The use of 

Fuzzy logic is explained in more detail below. 

3.2.  Characterisation  

3.2.1.  Characterisation of Larix 

A total of 6 images, 2 from each sensor, were used of the area surrounding the Neath study site.  The 

timing of the image acquisition/selection is of particular importance as the spectral response of 

many land cover types varies seasonally, mainly due to phenological changes.  Spring images for 

example allow discrimination of the deciduous coniferous Larix from evergreen coniferous species. 

Certain regions of the electromagnetic spectrum, such as the SWIR (1.3 - 3 µm) region, show this 

distinction effectively with Larix returning a very high SWIR reflectance in contrast with evergreen 

conifers during spring due to its leaf-off state. Both the SPOT 5 and the ASTER images used in this 

assessment were captured during spring, making them the best sources of spectral discrimination 

for Larix, however, the SPOT 5 scene is more valuable due to its higher spatial resolution for 

corresponding spectral bands.  Nevertheless additional spectral information such as VNIR bands, PV 

and NPV fractions needed to be used to avoid confusing deciduous and broadleaved trees.  

3.2.2.  Characterisation of Vaccinium myrtillus and Calluna vulgaris heathland 

The contextual location of these species is important in their classification.  Therefore the rule for 

identification of these areas started by eliminating all farmed land within small field boundaries used 

for moderate to high intensity agriculture. Seasonal phenological variation was used to discriminate 

the evergreen Calluna vulgaris from the deciduous Vaccinium myrtillus. Those species are more 

difficult to classify than Larix, with Calluna vulgaris being the most difficult of the two due to 

biogeographic variations.  

3.3.  Results of Satellite imagery Classification 

Figure 4 below summarises the rule base for the identification of Larix trees within conifer 

plantations, the classification is hierarchical.  During the first stage, known features are extracted 

from the imagery so as to avoid confusion.   These included road and river features (which are taken 

from OS MasterMap with a very high spatial accuracy) and arable, pasture field boundaries. 

Woodland does not occur within small fields and this pilot does not look at isolated tress in 

agricultural or urban settings.  Woodlands are identified using several different algorithms including 
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spectral and textual differences.  The identification of woodland and hedges is a specific background 

intellectual property process designed by Environment Systems which was fed into this rule base.  

From these areas the imagery is then re-segmented to a finer level and the rules deployed which 

identify the Larix coupes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4. Rule base for the classification of Larix from Coniferous woodland. 

The map in Figure 5 shows the distribution of Larix species within coniferous woodland derived from 

the satellite imagery.  Visual validation was performed using reference vector data provided by the 

Forestry Commission and high resolution (40cm spatial resolution) aerial photography. The Larix 

classification displays good agreement with the FC vector data. 
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 Figure 5. Distribution of Larix from satellite imagery. 
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The comparator dataset is shown in Figure 6. This suggests that about 80% of the area has an 

excellent visual match to the Forestry Commissions supplied database.  There are however, some 

areas where agreement is not as good.  Within the rule base approach identification of errors can 

result in additional rules built into the classification, for example a further ‘felled’ woodland rule 

could be useful.  Another source of error occurred where shadows are present in the satellite 

imagery; shadows generate a lack of spatial and spectral detail, preventing accurate classification 

due to a lack of data. 

 

 
 Figure 6. Larix classification compared with ancillary data. 

Areas of disagreement arise in the following situations: 

• Areas recently felled (the satellite data is now comparatively old).  Although both Larix 

woodland and heathland are habitats which have a slow growth cycle nearly 8 years have 

passed since image acquisition and some misclassification may be due to the passage of time 

and forestry / land management operations; 

• Spring and late winter imagery over north facing slopes suffer from hill shadows leading to a 

lack of data. Topographic correction can overcome this to some extent, but where the 

shadow is so deep that there is no or very little signal then it is not possible to classify it.  

Within the Wales Habitat Inventory work a quick manual quality check process is instigated 

to check areas within these regions against the air photography to rectify this; 

• Small blocks and individual Larix trees are not easily found using data with a resolution of 

10m and above.  Several pixels are necessary in order to provide sufficient spectral 

information to classify an object accurately.  Thus this method gives a fast an efficient way of 
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classifying Larix blocks but in order to classify individual trees or small stands then a data of 

higher spatial resolution is necessary.  Due to this, an alternative investigation, detailed in 

Section 4, was carried out by evaluating the potential use of leaf off aerial photography to 

further this study.   

 

Figures 7 and 8 below show examples of the issues identified above.  Figure 7 illustrates an area of 

felled woodland which is still classified as Larix on the Forestry Commission database.  Figure 8 

shows the exaggerated effect forest edge shadow can have on imagery classification. 

 

 Figure 7. Variation in classification of Larix compared with Forestry Commission vector data due to 

  felling. 
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 Figure 8. Variation in classification of Larix compared with Forestry Commission vector data due to 

  shadow. 

Figure 9 shows the distribution of Vaccinium myrtillus and Calluna vulgaris from the satellite remote 

sensing classification. The rules developed for these habitats used the concept of Fuzzy logic to 

produce a membership map giving the degree to which each object matches the criteria for either of 

the heathland species.  The rules necessary to identify these species make use of contextual data 

(e.g. slope) and also SWIR bands which necessitate the use of satellite derived data. 
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 Figure 9. Vaccinium myrtillus and Calluna vulgaris heathland classification from satellite imagery. 

Visual validation was again performed using high resolution 40cm spatial resolution air photography. 

The classifications display good agreement with the FC vector data.  Areas of disagreement arise in 

the following situations: 

• Areas with atypical composition, e.g. burns (this could be captured if a new rule was 

subsequently developed); 

• Areas with management changes;  nearly 5 years have passed, some misclassification will be 

due to the passage of time, in particular agricultural operations can change the heathland 

completely; 

• Shadows are a problem as they obscure the spectral signal, edges of forestry can therefore 

have insufficient data within them to allow accurate classification; 

• The scale of satellite data causes Calluna and Vaccinium to only be distinguishable in the 

larger rides where they cover several pixels together.  Some of these objects could be 

discriminated using aerial imagery.  It is possible to integrate both data sets in a 

classification, this approach is discussed in the section below on aerial photography. This 

method delivers best results as SWIR data is needed for accurate classification as discussed 

in the section below. 

 

Proximity between Larix and Vaccinium is shown in Figure 10 below and the numerical figures for an 

excerpt of the classification are shown in Tables 1 and 2.  These figures indicate that many areas of 

heath are within close proximity of Larix forest coupes. 
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 Figure 10. Proximity of Calluna vulgaris and Vaccinium myrtillus to Larix. 

 

Proximity of Calluna vulgaris 

to Larix 

Heath area (m
2
) % 

>500 m 409,246.75 13.0 

< 500 m 1,437,047.00 45.7 

< 100 m 1,197,992.81 38.1 

adjacent 99,213.64 3.2 

 3,143,500.19 100.0 

 Table 1. Proximity of Calluna vulgaris to Larix. 

 

 

 Table 2. Proximity of Vaccinium myrtillus to Larix. 

Proximity of Vaccinium 

myrtillus to Larix 

Heath area (m
2
) % 

>500 m 409,246.75 13.0 

< 500 m 1,437,047.00 45.7 

< 100 m 1,197,992.81 38.1 

adjacent 99,213.64 3.2 

 3,143,500.19 100.0 
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4. Inventory and mapping of Larix Coupes and Vaccinium / Calluna heathland from 

aerial photography 

 

The satellite classification of Larix showed that the use of winter/spring images allows reliable 

differentiation of Larix from other conifer species, exploiting SWIR winter differences between 

deciduous and evergreen conifers, while a low SWIR reflectance is common to all conifer trees 

during summer.  However, the spatial scale of the remote sensing data was insufficient to give high 

visual accuracy for small blocks or individual trees.  Because of the nature of the disease we intend 

to monitor, it will be necessary to identify these smaller features.  Thus the next stage of 

investigation was the use of spatial detail from air photography.  

 

Using the leaf on and leaf off principle and following the identification of conifer stands using 

spaceborne, low resolution imagery which contains the SWIR band, high-resolution (< 1m) aerial 

photographs were subsequently utilised to produce very detailed maps of Larix occurrence from 

leaf-off/winter imagery. 

4.1.  Data: aerial photography 

Two sets of RGB and CIR photography are available for the whole of Wales and were supplied to the 

project by the Forestry Commission.  The first dataset was flown in 2006 using a VEXCEL UltracamX 

sensor.   A composite image was created for the whole of Wales, with some of the country flown in 

early summer whilst the trees were leaf off.  The 2009 data was also flown with a VEXCEL sensor 

collecting similar RGB and CIR data.  The time of year of image capture was not concurrent during 

the two flights, so areas with leaf off imagery in 2006 could be leaf on in 2009. The RGB aerial 

photography was re-sampled to 50 cm using the nearest neighbour algorithm to match the spatial 

resolution of the CIR aerial photography.  

 

Because of the seasonal difference in aerial photography coverage of Wales there were several areas 

where forest with Larix were leaf off in 2006 and leaf on in 2009.  Using two such areas, one around 

Carmarthen and one around Lake Vyrnwy we trialled the adaptation of the rules to include air 

photography classification as a final stage in the identification of small blocks of Larix. 

4.2.  Developing the rule base: aerial photography 

Object segmentation was carried out on the areas of aerial photography at a much finer scale. 

Following this segmentation the rule base was refined to delineate the Larix by utilising a 

combination of low NDVI and high red values in winter. 

4.3.  Results of aerial imagery classification 

The rule base for the development of maps showing the smaller coups of Larix rely on leaf on and 

leaf off photography.  We located two areas in Wales with imagery that matched these criteria these 

are shown in Figures 11 and 12 below.  
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 Figure 11. Winter and Summer images of Larix plantations around Lake Vyrnwy. 

 
  Figure 12. Winter True colour composite and standard false colour composite CIR Larix plantations 

  around Carmarthen. 
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The maps in Figures 13 and 14  below show the increase in spatial delineation and accuracy of the 

identification of Larix species within coniferous woodland from the aerial imagery. 

This spatial scale is more appropriate for mapping of Larix in terms of disease spreads smaller blocks 

of trees are identifiable. 

 
 Figure 13. Coniferous classification - Lake Vyrnwy.  
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 Figure 14. Coniferous classification - near Carmarthen. 

 

The figures above show a high level of visual similarity for between Larix and the imagery.  However 

as all the available information was developed into the rule base we do not have an independent 

comparator data set to evaluate actual accuracy.   The visual comparison however indicates that for 

known areas of Coniferous woodland leaf on / leaf off photography can give a good classification of 

the distribution of Larix.   

 

We have no additional datasets available for these areas to look at a visual comparison of 

classification accuracy.  The largest source of confusion could be lower level deciduous trees within 

the forest block. Where these are shaded by the surrounding conifer trees it will be hard to develop 

a summer rule to separate them from the conifers. However, most of these will be separable.  Also 

areas of atypical appearance such as very open planting will also need separate rule development. 

 

Forestry Commission is currently finalising and quality assuring a very detailed inventory of 

woodland in the UK (National Forest Inventory).  This will give the majors block of forest for the 

whole country.  For areas at risk, imagery would then need to be acquired during two seasons to 

map the Larix and track dead or diseased trees.  Aerial photography where available would be one 

solution; however the use of UAS could give much greater flexibility to the mapping of Larix.  The 

next stage of the investigation, therefore looked at imagery captured by UAS; this is reported below.  



31 

 

5. Inventory and mapping of Larix and Vaccinium / Calluna heathland from UAS 

data 

5.1.  UAS sensor and data 

Data captured by the UAS during this study took the form of high resolution colour (RGB) digital 

images and near infrared/red/green digital images.  Imagery was captured from a fixed-wing light 

UAS operated by Callen-Lenz.  The aircraft was operated at a height of 300m above the average 

terrain height giving a nominal resolution of less than 10cm per pixel. 

The UAS data capture process sought to capitalise on the amount of useful data gathered by 

maximising the following: 

1. Operational radius and altitude 

2. Flight duration 

3. Weather 

The process of ‘concepts of operations’ (CONOPS) developed specifically for using unmanned 

systems for the capture of remotely sensed imagery in the UK was utilised.  The CONOPS used 

requires visual tracking of the UAV by the commander (as required by the UK Civil Aviation Authority 

(CAA)), however Callen-Lenz operate under a CAA Permission which allows them to exceed the 

commonly applied range and altitude limitations during such operations. Such extended range 

operations are required to follow the procedures and rules defined in the Callen-Lenz UK Flight 

Operations Manual.  Whilst mist and poor visibility affected some of the data gathering, these 

conditions would have prevented manned aircraft or satellite based data gathering completely. 

Following the selection of target areas within the study sites, the operations team conducted a ‘map 

recce’ of the site in order to select ideal operating sites that offer the best coverage of the target 

areas and that would comply with safety and operational requirements.  Typically elevated and open 

sites are preferable.  The map-recce also considered land boundaries and public access within the 

area of interest.   

Once on-site, the operating locations were adjusted according to local features and wind conditions, 

also a more detailed, written site safety assessment was made.  The operational team consisting of 

an UAS commander and an assistant use a 4WD vehicle as an operating base.  One or more aircraft 

are carried in the vehicle along with the ground-based elements of the UAS such as data links and a 

ground-station computer.  Whilst the launch and landing of the UAV may be conducted away from 

the vehicle, the two crewmembers remain with the vehicle during the majority of the flight. 

Following each flight, the data was reviewed for quality and then the next flight was planned, which 

may be from the same location or from a new location.  During this project the team observed bio-

security measures when moving between sections of forest. 

Data was captured using a specifically designed sensor package including a standard RGB camera 

and a lightweight Visible Near Infra Red (VNIR) sensor that captures data in the green (0.5 - 0.6 µM), 

red (0.6 - 0.7 µm) and near infrared (NIR) bands. This sensor is particularly useful for the derivation 

of the NDVI (NDVI ranges from -1 to 1 and represents a measure of the density of vegetation in an 

image, typically NDVI nears 1 for dense vegetation, is around 0 for bare earth and approaches -1 for 
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water (Lillesand et al. 2004)) and other vegetation indices.  High resolution Digital Surface Models 

(DSMs) and Digital Terrain Models (DTMs) can be derived from areas with overlapping images which 

form stereo pairs. 

Multiple flights on two differing dates were conducted over site 1.  The first flights on 28th March 

2011 were under cloud cover with a high level of haze, whilst the second flights were on 7th April 

2011, in clear sunny conditions.  The information in the imagery was more distinct under sunny 

conditions as more illumination was present, however the shadows of the trees meant that any 

identification of ground flora was extremely difficult in these areas.  The quality of the cloudy flight 

data had in general less information due to the lower level of illumination, however there were no 

shadowed areas, allowing some information about ground flora to be established. Ideal flying 

conditions would be a compromise between the 2 flying days, a bright day with high level cloud, 

giving good illumination with few shadows.  However the information captured from both flying 

days was usable which shows the flexibility of the UAS systems.  Only one flight was carried out over 

the SW England site due to access issues.  

5.2.  UAS data 

The UAS RGB imagery was mosaiced together and used to generate a very high resolution DSM.  This 

DSM represents the height of the surface, including vegetation and other structures, relative to 

mean sea level.  UAS VNIR images were manually co-registered against individual equivalent RGB 

images.   

5.3.  Classification of UAS Imagery 

Classifications were performed on each of the UAS data, DTM and VNIR, to explore the optimal use 

of the different data products available from the UAS platform.  These analyses focus on the 

28/03/2011 data from Treherbert as the Larix stands were still to undergo full bud-burst on this 

date.  By contrast the Larix needles had largely emerged by the 07/04/11 Treherbert and 

06/04/2011 Croydon Hill flights, and were less easily separable from other conifers.  From DSM 

modelling, initial indications suggest that it may be possible to extract species data from the DSM 

and develop rule sets which incorporate the NIR and RGB imagery to aid classification. 

5.3.1.  Classification utilising Digital Surface Models (DSM) 

Classification A explored the separation of Larix from other conifers using an RGB mosaic and 

associated DSM at a reduced 1m resolution to facilitate analysis of the whole study area.  Tree 

stands were extracted by combining the UAS derived DSM with a DEM interpolated from Ordnance 

Survey Land-Form Panorama contours (OS Land-Form Panorama data acquired through the OS Open 

Data agreement).  The OS DEM was subtracted from the UAS DSM to remove the influence of 

topography.  The derived height difference layer clearly showed stands of trees and man-made 

structures as Figure 15 illustrates.  However, as the OS contours were only provided at 10m 

resolution, the difference layer also includes anomalies where the UAS has resolved topographic 

details to a finer resolution than the OS DEM.  These anomalies, such as ridgelines, were manually 

identified and corrected post classification. 
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The RGB mosaic and DSM were subsequently segmented in eCognition and a set of height and 

spectral thresholds were defined to classify Larix and other conifers. 

 
 Figure 15. Comparison between UAS DSM (left), OS DEM (middle), and UAS – OS difference (right). 

  Significant anomalies generated by the difference in topographic resolution between these 

  layers are also highlighted by *. 
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5.3.2.  Classification using VNIR data 

This classification explored the potential for using the combined RGB and VNIR images to produce 

detailed maps of Larix stands and their surrounding vegetation. A pair of RGB/VNIR images were 

selected for the Treherbert site that contained a selection of desired vegetation assemblages, such 

as Larix and Calluna.  Following a site visit and expert ecological interpretation, the images were 

segmented and classified using a series of band ratios, such as NDVI or Red/Blue.  Within this image 

8 classes were identified including heather, bracken, Larix canopy and Larix crown tops. 

5.4.  Results UAS Imagery 

5.4.1.  Classification utilising DTM 

Figure 15 shows the good agreement between the UAS derived DSM and the OS data derived DEM, 

the best agreement being on the plateau of the hilltop.  Figure 16 below, shows the resulting 

classification of Larix and other Conifers compared to the Forestry Commission vector data for Larix 

for the Treherbert site and Figure 17 shows this area is more detail.  The use of a very high 

resolution DTM derived from the UAS sensor is a powerful mapping tool, giving the edges of stands 

and even in some cases shapes of tree crowns.  This classification also shows clear discrimination 

between the Larix and other conifers.   

In order to look at the accuracy of our classification we visually compared the Forestry Commission 

planting data base.  The two data sets showed a good correlation however, it was clear that the UAS 

classification was identifying particular trees or stands of trees that were just generally indicated by 

the FC data.  It has been therefore possible to resolve in detail Larix block structure and identify 

individual non-Larix crowns within the Larix stands, and also identify Larix within predominantly 

non-Larix stands. 
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 Figure 16. RGB mosaic for Treherbert compared with the rule-base classification shown over Forestry Commission stand data.   
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 Figure 17. RGB photo mosaic images for Treherbert compared with an excerpt of the rule base classification shown over height difference. 
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5.4.2.  Classification using VNIR 

Figure 18 shows that the VNIR image also clearly separated Pteridium aqualinum and Calluna.  

Molinia carulea has a distinctive signature in both RGB and NIR images, whilst Vaccinium has a 

strong signal in the green band (when leaf on).   In this image most of the Vaccinium was leaf off and 

therefore difficult to identify with only very thin twigs visible amongst moss tussocks.  The analysis 

did however prove the case that the detail of the vegetation in the rides and clearings between the 

coups of trees can be classified, giving a good picture of the presence of the target host species of 

interest.  

The very high resolution height data produced from the UAS flights provides a good method for 

differentiating between trees and other vegetation, and on further refinement may give crown 

shapes which will allow more species separation between tree types.  The main issue encountered 

with the DEM classification is the difference in resolution between the OS ground layer and the 

detailed surface created from the UAS data, which lead to occasional topographic anomalies.  While 

some anomalies can be identified using RGB reflectance, such as bright bare earth, it is currently 

necessary to manually remove most of these features.   

 

Using just the RGB spectral signature alone, there is not a strong enough signal to automatically 

differentiate between trees and other vegetation, for example bracken is very similar to pre-bud 

burst Larix and conifer very similar to heather. There is also some confusion between bright non-

Larix crowns and Larix and shadow and other conifers.  The classification using the VNIR shows that 

the inclusion of NDVI imagery can help in resolving the spectral confusions noted with the RGB 

sensor above. 

Seasonal change is also an issue, as the season advances and Larix needles mature it becomes 

increasingly difficult to separate Larix from other conifers using the RGB reflectance alone.  The best 

method of distinguishing the species is therefore in leaf off condition.  In the summer, leaf off trees 

would be those that may be suffering from infection by P. ramorum. 

 

In these images, shadow and heather were easily confused, particularly in the RGB imagery.  Note 

the area of shadow in the bottom left of Figure 18. If both the classification methods were combined 

in a following stage, which is possible to build into a rule base then the detailed tree height and 

shape mode would remove most of these confusions. Using higher resolution bare-earth DEM’s 

together with the very detailed UAS data should allow for improved delineation of forest stands and 

identification of smaller patches of trees. 
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 Figure 18. Rule base classification of UAS VNIR and RGB imagery. 

 

In addition the VNIR imagery (Figure 19) showed the Larix crown-tops were clearly identifiable as 

bright photosynthetically actively vegetation.  As diseased trees dieback from the crown, this feature 

could give information on tree health, as the diseased tree crowns may show up significantly darker.  

Acquisition of imagery from a known diseased block at a leaf on time of year would determine 

whether this effect is apparent and subsequently whether it is a significantly strong enough effect to 

allow for automatic classification. 

 

 

 

 Figure 19. Individual UAS RGB (left) and VNIR (right) images, showing difference in footprint size. 
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6. Discussion 

6.1.  Mapping and Monitoring of Host Species 

There are two different issues under consideration in this pilot project: 

1) Mapping the extent of target communities 

2) Mapping the extent of the disease. 

The multi scale approach investigated in this project, allows the strengths and opportunities 

afforded by different Earth observation techniques to be targeted to the different needs of 

inventory and monitoring activities.  The object-based analyses developed, facilitate the use of these 

products within a single, coherent work flow. 

For a baseline inventory, a combination of satellite, aerial and UAS photography data offers an 

attractive solution.  As outlined in section 3.1, identification of the major assemblages such as Larix 

dominated coniferous stands and Vaccinium/Calluna heath is feasible at a nationwide or regional 

scale using a combination of satellite data captured during different seasons.  While this is 

appropriate at a national, or regional scale, as an overview of the extent of these assemblages, 

uncertainties remain at the finer scale; for example Larix coupes covering an area smaller than ~125 

m2 (i.e. less than 5 SPOT pixels) and small Calluna/Vaccinium rides are difficult to map reliably at this 

scale.  The effects of shadows at the edges of the forest stand compound these errors in certain 

locations around the map.  However this knowledge of where errors occur could form the basis of a 

very fast and efficient manual quality control process.  For a baseline inventory of Larix and 

Vaccinium, satellite data could be used to identify communities at a broad scale, and would 

importantly help exclude vegetation types not of interest.   

At present there is a limited availability of year-round, reliable satellite data, due to fixed overpass 

times, competition from different tasking and cloud-cover.  The GMES Sentinel programme, which is 

entering operational stages within the next few years, is likely to provide an increased coverage of 

usable imagery.  Although there are still questions about availability and format of this imagery, the 

programme is likely to provide a very cost effective solution to EU member states in terms of 

imagery acquisition.  The Sentinel mission is composed of five different sub-missions.  Of particular 

interest to forestry studies are Sentinel 1 and Sentinel 2.  Sentinel 1 is a C-band imaging radar 

mission with a ground resolution of 5 x 20 m (ESA, 2011) that will ensure data continuity with older 

missions such as ERS-1, ERS-2, Envisat and Radarsat and is envisaged to launch in 2013. Sentinel 2 

will capture high resolution VNIR and SWIR band imagery to provide continuity with SPOT and 

Landsat data, with the first satellite envisaged to launch in 2013.  

The increased spatial resolution of multi-season aerial and UAS photography allows Larix to be 

mapped to a much higher degree of spatial accuracy.  If we suppose that five pixels are necessary to 

give an accurate classification, then with a 1m pixel size, 5 pixels only cover 5m2 on the ground. This 

significantly enhances the degree of accuracy, providing the capability to accurately map Larix stands 

and identify individual crowns.  Calluna and Vaccinium can also be reliably identified at these 

resolutions.  It should be noted that although the spectral imagery is captured at a sub-metre 
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resolution, for the vegetation analysis there is an optimum resolution for the identification of a 

feature which avoids excessive noise, (from shadow and shade within the leaves or needles of a 

plant or tree) and as such the finer resolution data has been re-sampled before use.  For the DSM, 

however the better the resolution of the data the better the result of the classification.  A 

combination of aerial and UAS photography could then provide a targeted, high resolution inventory 

over areas of interest, for example areas at risk on the leading front of disease spread.   

While aerial photography can provide a sufficient spatial resolution and extent required for 

monitoring, as both leaf on and leaf off imagery is required, flying repeat imagery to provide year-

round data is expensive.  By contrast acquisition of repeat imagery through UAS flights has a lower 

cost and greater flexibility ability to adapt to local weather conditions, allowing operation in periods 

when image capture from satellite or manned aerial photography would be impossible.  It therefore 

provides an attractive solution for ongoing monitoring of Larix and Vaccinium.    

The advantages of UAS data for detailed mapping Larix and tree health mapping include: 

• Focussed targeting of areas of interest.  Well suited to complex areas and repeat monitoring. 

• Flexibility of UAS system allowing capture to be targeted at the best times of year, with 

quick deployment in response to opportunities such as ground-based monitoring, felling etc. 

• A sensor package which is well suited to the task.  The high resolution DEM allows the forest 

edge to be located to a higher level of accuracy than would be achievable using spectral 

signature alone, and simplifies many of the problems of differentiating between different 

vegetation assemblages.  High resolution VNIR data also provides good capabilities for 

mapping and monitoring small patches of Vaccinium and individual tree crowns.   

• It is considered that the issues of accurately georeferencing tall tree features and therefore 

allowing all of the datasets, (RGB, VNIR and DSM) to be used simultaneously will be 

achievable with more research time.  This issue requires focussed research to investigate 

and account for the effect of layover within the images.  When this issue is resolved, the 

classifications from UAS will be very much enhanced, as all the data can be used 

concurrently within an object orientated rule base. 

• An UAS solution can quickly and easily be adapted to incorporate different sensor packages.  

For example in the future it is intended to include an improved multi-spectral or even 

hyperspectral sensor.  This will allow for improved targeting of spectral features of interest 

for health monitoring and identification of the P. ramorum infection. 

6.2.  Identification of Tree Health Data using UAS 

Healthy vegetation can be easily distinguished from unhealthy/dead vegetation exploiting the red 

edge in leaf on summer imagery.  This is a particular spectral characteristic, displayed by healthy 

vegetation, where a peak in the NIR coincides with an absorption trough in the red.  If we could see 

in VNIR, vegetation would appear VNIR rather than green, this can be seen in Figure 12 by the higher 

clarity with which individual crowns can be identified in the standard false colour composite 

compared to the true colour composite of a Larix plantation near Carmarthen (Latitude 52°48’12" 

North, Longitude 3°32’20’’ West). It is also well demonstrated in Figure 19 showing the VNIR from 

the UAS imagery. 

 

Tree health monitoring will depend on the following features: 
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• Mapping of diseased / dead Larix using repeat imagery at resolutions high enough to identify 

and match individual crowns. 

• The identification of early signs of P. ramorum will depend on the ability to identify subtle 

changes in the tree crown in both VNIR and visible parts of the spectrum.   

• Diseased trees may also be detectable using thermal UAS imagery, and this is another strand 

of investigation that could help the monitoring and mapping of the disease. 

The ability to map features within a forest or canopy such as disease on bark using a passive sensor 

is limited due to shadow.  However preliminary research, such as by Woodhouse et al., 2011 looks at 

using a multi-spectral LiDAR, for direct measurement of within-canopy reflectance, and may offer 

monitoring potential in the future.  

The latest Phytophthora outbreak was identified using spotting techniques from helicopters, 

however, the situation is changing fast and more structured aerial surveys are needed to assess the 

situation fully.  Airborne surveys should resume as soon as Larix kaempferi trees have flushed with 

new needles, making it possible to look for symptoms of dieback on the trees. Alternatively, the 

spread of the disease can be monitored through field surveys, however, these are time, labour and 

cost intensive and would not be suited for the survey of large areas. 

Other alternatives include the use of very high resolution imagery, such as data from Digital Globe’s 

Worldview-2 or Quickbird.  Both satellites carry sensors able to capture panchromatic imagery at the 

sub-meter pixel accuracy.  However such imagery has very high acquisition cost, there is no 

guarantee that the images will be cloud free and the data is restricted to the VNIR part of the 

electromagnetic spectrum. 
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7. Way forward 

The flow chart (Figure 20), suggests a plan of action for rolling out this approach over a region or 

country to guide thinking in terms of tasks, skills and resource allocation.  It sets out the alternatives 

in terms of imagery and data which need to be explored in order to develop a coherent and cost 

effective approach. 

This pilot study has proved the benefit of looking at a multi-scale hierarchical approach, utilising as 

much existing data as possible.  The following stages are suggested: 

• Identification of woodland  

• Identification of coniferous trees within woodland using summer imagery; 

• Through satellite interpretation (broad scale only)  

• Though summer aerial photography with NIR band (widely available - FC has good 

coverage) 

• Through use of the new National Forest Inventory  

• Identification of individual Larix from either leaf on / leaf off air photography (where available) 

and or supplemented with the use of UAS imagery – particularly for areas at the front line of 

disease spread. 

 

The flexibility of UAS and the high resolution of data that can be captured, coupled with the 

repeatable nature of this remote sensing technique means that it can be readily deployed to 

supplement and enhance other remote sensing techniques. 
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 Figure 20. Issues needing consideration for roll out of the approach. 
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In order to move to an operational scenario this pilot project will need a further research phase to 

include the following: 

• Establish an inventory of appropriate imagery currently available to the project, of each region 

/ country including leaf on and leaf off CIR air photography and existing satellite imagery. 

• Develop detailed costed options for roll out over a region / countrywide scale. 

• Testing the protocol to establish a baseline inventory map of Larix  and / or heathland on a 

regional / countrywide scale 

• Testing the protocol of mapping Larix over a growing season using UAS data; 

1. Development of monitoring algorithms to take account layover effect from tall trees; 

2. Development of tree crown automated tracking algorithms for automated 

monitoring of stands, following task 1; 

3. Development of rules which utilise the three UAS derived datasets (DSM, VNIR and 

RGB) to further refine accuracy; 

4. Identification of leaf on Vaccinium; 

5. Development of spectral rules for any infected Vaccinium found. 

(NB these scientific investigations could also incorporate information from any UAS flying 

carried out for other forestry or Larix mapping projects) 

In addition the following could be considered: 

• Another species commonly affected with P. ramorum is Rhododendron; it is considered that 

effective monitoring of disease symptoms such as dieback could be performed on this species. 

Spectral investigation and identification using UAS and any appropriate AP could also be 

undertaken on this species. 

• Investigation of the effectiveness of other sensors: Hyperspectral, thermal or LiDAR to pick up 

diseased Larix / Vaccinium or Calluna. 

• Use of a multi spectral sensor package equipped with optimised filter sets for specific task 

monitoring. 
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Annex 1: Satellite imagery image processing and data preparation  

Imagery preparation followed the procedures outlined below, and all imagery used in the Wales case 

study had been previously corrected for the CCW Wales Habitat inventory project:  

Geometric Correction 

A key priority is to register images acquired by sensors with different orbital and observing 

configurations (e.g., spatial resolutions, viewing angles). All imagery supplied has been geo-

referenced to the Ordnance Survey British National Grid. For this purpose, ground control point 

(GCP) files were generated in ERDAS IMAGINE. Using independent procedures available within 

ERDAS IMAGINE the image was orthorectified and compared to corrected imagery by evaluating 

against known features (e.g., cairns, wall boundaries, field boundaries, buildings, road junctions), as 

identified using OS MasterMap data, aerial photography and NEXTMap ORI data.  

In the registration process, resampling was minimised by using image to map registration for all 

scenes (and referring to the GCP database). All images were resampled to 5m using nearest 

neighbour techniques. 

Atmospheric Correction 

All imagery supplied was calibrated to radiance (W m2 sr-1 μ-1) and subsequently to surface 

reflectance (%) using ENVI FLAASH. According to the plan, it was vital that these stages were 

delivered, and delivered accurately, to ensure the successful development of the rule base. Previous 

work has demonstrated that atmospheric correction of optical (e.g., SPOT) data to surface 

reflectance is a critical stage in developing consistent decision rules and classifications. 

This processing resulted in a set of imagery with comparable reflectance data, ready for 

classification, allowing; 

• Comparison of reflectance data acquired by different sensors observing on the same date.  

• The spectral reflectance curves associated with vegetation to be better interpreted in terms 

of the photosynthetic pigment amounts (in the visible channels), internal leaf structure (near 

infrared) and moisture content. 

• Vegetation indices (e.g. NDVI) and end member fractions (e.g. photosynthetic, non-

photosynthetic) can be calculated with greater confidence and inconsistencies associated if 

the atmospheric effects are removed. 

Topographic Correction 

Topographic correction (presented as units of reflectance, %) help compensate for differences in 

illumination as a function of time of year, time of day and slope and aspect. This can prove 

particularly useful for mountainous areas. An assessment was made of the study areas at the start of 

the project as, whilst the study site is clearly upland, there were few significant areas of steep slope 

that were going to affect the classification process. As a result, this correction has not been applied 

to the imagery, but it is likely to be an important part of the image processing stages for a wider roll 

out of any EO solution.  


