
 



Anguilla Marine Habitat Mapping Using EO  Environment Systems 

  2 

 

 

 

 

 

 

 

 

 

 

Report prepared by 
Dr. Katie Medcalf CEnv 

Dr Gemma Bell 
Dr Iain Cameron 

Samuel Pike 
_ 

 
Environment Systems Limited 

11/4 Cefn Llan Science Park 
Aberystwyth 

Ceredigion 
SY23 3AH 

Tel: 01970 626688 
 

http://www.envsys.co.uk 
 

Acknowledgements 

Environment Systems would like to acknowledge the assistance provided by Department of 

Environment Government of Anguilla and Newcastle and Aberystywth University over the course of 

this project. In particular, we would like to acknowledge the support and assistance from the 

following individuals without whom the project would not have been possible: 

Department of Environment Government of Anguilla: Newcastle University: 

Calvin Andre Samuel Linda Porteous 
Karim VD. Hodge Clare Fitzsimmons 
Clint S. Lake Aberystwyth University 
Julian A. Hughes  Morgan Commins 



Anguilla Marine Habitat Mapping Using EO  Environment Systems 

  3 

Executive summary 

This project forms phase 2 of the  ‘Anguilla Habitat Mapping using Earth observation’ (Medcalf and 

Cameron, 2013), for the Department of Environment (DoE), Ministry of Home Affairs and 

Environment, Anguilla. It has used earth observation to produce a marine habitat map of the 

Anguilla archipelago looking at the primary benthic classes and derive a bathymetric dataset.  The 

terrestrial habitat map from Phase 1 was also enhanced to include an extended classification for 

areas of mangrove, dry forest communities and calculations of canopy density. 

The marine habitat mapping has used field data from marine surveys undertaken by Newcastle 

University and DoE, together with earth observation classifications.  These have been combined to  

show how the vegetation contributes to both biodiversity and other ecosystem services. 

This project builds on existing marine and terrestrial biodiversity information for Anguilla, providing 

spatial datasets and evidence to underpin a NEA(National Ecosystem Assessment).  The data can be 

used for modelling and mapping to identify areas of vulnerability, and work towards sustainability 

and the development of green economy on the island. The techniques used are robust and 

repeatable and can therefore be used to monitor change, and input into further analysis of 

ecosystem features such as the regulation of shallow sand loss. 
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1 Introduction  

1.1 Background 

The Department of Environment (DoE) and Ministry of Home Affairs and Environment, Government of 

Anguilla required the production of a marine habitat map and detailed bathymetric layer of the 

Anguillan archipelago, as Part 2 of the project:  Anguilla Habitat Mapping Using Earth Observation. The 

acquisition of new more spatially detailed satellite imagery for the purpose of the marine mapping 

provided an opportunity to carry out further work on the terrestrial habitat mapping, undertaken in the 

original Phase 1 project, with a focus on identifying target species and communities. 

The marine resources on the islands comprise white sandy beaches, clear and warm waters and 

extensive natural reef systems. For the past eight years the tourism industry attracted by these 

features, has fuelled the socio-economic development in the country, contributing to over 70% of the 

Gross Domestic Product. Fishing activities contribute only a small amount to the economy but is the 

largest in the Agricultural Sector, which has potential for development if managed in a sustainable 

manner. However, fisheries combined with other anthropogenic factors are in danger of creating a 

regional negative impact on the shallow water benthic habitats. This is found in the low level of hard 

coral cover, low juvenile coral recruitment and high levels of macroalgae. It is considered that the 

southern coastal region is in a worse condition, possibly due to exposure to potential sources of 

contamination (Wynne, 2010). With no natural resources of its own, the marine biodiversity is one of 

Anguilla’s most import assets. It is therefore pivotal to have a baseline benthic habitat database in order 

to monitor the island’s marine biodiversity, in order to improve and develop sustainable management 

options. 

Historical marine data in Anguilla is limited, and mostly based on qualitative information. The situation 

has improved since 2007 with the creation of the Anguillan Marine Monitoring Programme (AMMP), but 

lack the spatial information that can easily be fed, integrated and manipulated within a GIS database.  

Advances in the application of earth observation to habitat surveillance in recent years together with 

the development of geoinformatic approaches, mean that these techniques can now be used to provide 

a good baseline of habitats within shallow waters (up to approximately 15m). This report outlines the 

use of satellite imagery to map the benthic habitats and bathymetry, together with the enhancement of 

the Phase 1 habitat map through target plant species and communities. The report will then discuss 

how these habitat maps can be used to consolidate and develop biodiversity information in a format 

whereby it can be fed into decision making to help ensure the sustainable management of the natural 

resources of the country.  The project then makes use of the new data layers to begin to map the 

ecosystem service provided by the area, creating maps of four different ecosystem services, this was 

done using the SENCE (Spatial evidence for Natural Capital Evaluation) method devised by Environment 

Systems). 

Humankind can greatly benefit from understanding the hidden roles that the environment and ecology 

have on our everyday activities and products. For example, the role an area of green space with large 

mature trees may be seen primarily in terms of townscape character and recreation function, but it can 

also contribute to urban cooling in the town centre. This concept of ecosystem services has been 
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developed to improve our understanding, use and management of natural resources, for the provision 

of goods and services that can contribute to a comfortable and healthy human life. 

1.2 Project aims 

 Creation of a detailed bathymetric dataset using remote sensing and field work undertaken by 

Newcastle University and DoE. 

 Combine ecological information in relation to EO for the mapping of benthic habitats and 

contextual layers; to include coral reefs and reef features that can infer reef biodiversity and 

health.  

 Combine ecological information in relation to EO for the mapping of terrestrial target plant 

communities. 

 Produce ecosystem service maps for the Anguilla by collating available datasets and identifying 

key services that can be mapped. 
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2 Using earth observation to identify habitat features 

Earth observation is the use of data, from satellite and airborne systems, for mapping and monitoring 

the Earth. It provides an accurate and repeatable methodology for ecological mapping particularly 

where vegetation is hard to survey or study areas are remote.  

Within the Phase 1 report, where optical remote sensing techniques were described through the 

electromagnetic spectrum, with the blue, green and red visible parts defining the chlorophyll absorption 

of vegetation, and the longer wavelengths of NIR and SWIR explaining the cell structure and water 

content of a leaf respectively (Figure 1). 

 
Figure 1: The spectral reflectance curve for vegetation 

 

Building on this knowledge of the electromagnetic spectrum, light behaves differently when passing 

through a column of water, becoming weaker with increasing depth. Different wavelengths of visible 

light penetrate water to varying depths; with higher wavelengths (i.e. NIR and SWIR) attenuating rapidly 

and blue light penetrating the water column to a greater depth. New advances in satellite technology 

have introduced a very low, coastal blue band. This band is absorbed the least by water, and can 

therefore penetrate the water column further, making it more suitable for marine environments, shown 

in Figure 2.  

 
Figure 2: Illustration of relative water column penetration of light (image sourced from growblu.com) 
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2.1 Understanding earth observation imagery 

In the Phase 1 report we covered the basic understanding of how an image taken from either an aerial 

or satellite platform can be viewed, where each wavelength of light can be represented by the red, 

green or blue channels. We discussed that the combination of these channels can represent the world 

as ‘true colour’ or ‘false colour’, in order to extract the most information from an image (Medcalf and 

Cameron, 2013). This is shown in the SPOT 5 image of Figure 3, where viewing the NIR band as red, 

SWIR as green and green band as blue, highlights the differences in vegetation cover. 

 

Figure 3: WorldView-2 and SPOT 5 satellite imagery 

Also discussed in Phase 1 are the variations of satellites and sensors in terms of spatial, spectral and 

temporal resolutions, with Table 1 displaying the different sensors and statistics used (Medcalf and 

Cameron, 2013). 

Table 1 - Differences in spatial and spectral detail available across different satellite EO platforms 

Mission Spatial 

Resolution (m) 

Spectral 

Resolution1 

Coverage (km) Revisit Cost 

Worldview 1.8 m Visible & NIR 16 x 16 1-5 days $$$$ 

SPOT 10-20 Green-SWIR 60 x 60 2-3 days $$ 

Landsat 30 Visible, NIR, SWIR 

& TIR 

180 x 175 16 days Free 

 

As in Phase 1, with this study we have concentrated on the use of optical sensors. However, there are 

other sensors available including microwave, or synthetic aperture RADAR, systems. These systems are 

                                                           

1
 NIR = Near InfraRed, SWIR = ShortWave InfraRed & TIR = Thermal InfraRed 
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being actively researched in their role for vegetation mapping and will become increasingly useful for 

understanding vegetation and cover types. 

2.2 Earth observation data review 

When considering the mapping of the marine environment of the Anguilla archipelago with remote 

sensing data, it was necessary to conduct a review of available data taking into account the scale of the 

marine features present within the environment. 

A marine-based survey from 1995 (Government of Anguilla, 2011), modelled from dive transects into a 

GIS dataset, identified 20 main benthic cover types, as shown in Figure 4. These covered areas from one 

to nearly 5,000 hectares (of 26,000 hectares) in extent for an individual class.  The most dominant was 

soft coral, which can contain many different communities within a spatial range of one to 100’s of 

metres. It was therefore considered that WorldView-2 satellite imagery, with the new, water 

penetrating coastal blue band, and a 1.8 metre resolution would be the preferred dataset for this study.   

The acquired imagery was selected from 21st February 2011 and made up of three separate scenes, 

covering the majority of the archipelago. Extensive cloud-cover over shallow waters in the southern 

region required a forth dataset from 27th February 2013, to ensure a complete coverage. 

A rapid visual assessment via snorkel of the marine benthic environments, and more detailed SCUBA 

transects were carried out in May 2013, by Newcastle University. These provided estimates of the 

percentage of sand, algae and coral cover, with the SCUBA transects offering depth information and 

benthic cover of to the species level. A further survey conducted in February 2014 by the DoE together 

and Department of Fisheries & Marine Resources provided a further dataset with depth information. 

 
Figure 4: Vegetation and substrate cover of Anguilla from the 1995 marine survey 
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2.3 Earth observation and geo-informatics techniques 

Vegetation communities form where conditions are favourable for the component plant species. As well 

as spectral information inferred from the water column, contextual data can be incorporated into a rule 

base using geo-informatics techniques to give additional information about the location within the 

marine landscape. 

In a marine environment, benthic habitats are influenced by parameters such as depth, wave-action, 

temperature, storm disturbance and upwelling. By understanding the relationship between these 

parameters and the benthic habitats, a range of variables can be established that drive the spatial 

distribution of the marine habitats. This understanding was provided through a model framework of 

tropical marine ecosystems, based on literature reviews focusing on coral reefs, via an MSc placement 

through Newcastle University. 

A terrestrial map for Anguilla was produced for the Phase 1 project ‘Anguilla Habitat Mapping Using EO’ 

(Medcalf and Cameron 2012). The current project investigates what additional information about 

terrestrial vegetation could be derived using the latest available imagery, with its enhanced spectral 

resolution. The terrestrial analyses applied the same methodology used in the original project, 

combining ecological principles of relevance to species and habitat distribution, with hierarchical 

landscape splitting and habitat classification based on spectral and contextual rules.    
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3 Marine Classification 

3.1 Image stack for the marine classification 

The image stack used in the 

development of the marine rule base 

for the Anguillan archipelago can be 

seen in Figure 5. It includes: 

 WorldView-2 satellite imagery 

 Shallow water depth 

 Fetch, used as a proxy for wave 

action 

 Topographical layers derived from 

the bathymetry 

The imagery and derived contextual 

data were loaded into eCognition, and 

a rule base was developed using 

segmentation and classification of the 

objects, based on ecological 

knowledge, produced to give the 

marine habitat map. 

 
 

Figure 5: Data used in image stack for marine rule base 
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3.2 Thorough image preparation 

3.2.1 Radiometric and atmospheric image preparation 

In order to allowing comparison of images acquired on different dates and over different regions, 

radiance calibration which provides image data in units of surface reflectance (%).  This standardises the 

images to allow direct comparison and analysis, ensuring that the images from the different dates and 

spatial areas could be incorporated together within the image stack. Furthermore, in order to 

compensate for the effects of atmospheric dust and water vapour, atmospheric correction was applied 

using the Dark Object Subtract method. This method searches for the darkest pixel value in each band 

and assumes that these dark objects reflect no light. Any value found greater than zero is considered to 

be as a result of atmospheric scattering. This affect is removed by subtracting this value across the 

entire band, bringing it back to zero, and repeated for each separate band. 

3.2.2 Orthorectification 

It is essential that all imagery falls in exactly the correct geographic space, taking into account the effect 

of topography, otherwise imagery taken from different dates and look angles will be mismatched in the 

image stack. To facilitate this, all imagery was orthorectified using the LiDAR Digital Terrain Model 

(DTM) which provided the most accurate topographic model for Anguilla.  This allows for sub-pixel 

positional accuracy for data layers within the image stack. 

3.2.3 Marine-based preparation 

As light behaves differently, both on and within the water column, it is necessary to reduce the impact 

this may have on the imagery, before entering the stack. Sun glint is a specular reflection of light directly 

from the sun towards the sensor, and can sometimes be so high that it is impossible to retrieve any 

meaningful data. The exponential decay of light intensity with increasing depth can result in 

considerable confusion, so that the spectra of sand at a depth of 2m may have the same signature as 

vegetation at lower depths. To compensate for these affects, correction techniques following an 

extensive desk study were applied to reduce the impact the marine environment may have on the 

image, shown in Figure 6. 

 

Figure 6: Subset of Worldview-2 image before (left) and after (right) image preparation 
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3.3 Creation of derived image products 

In order to extract the maximum amount of ecologically useful information from the data, it is desirable 

to produce a number of derived products from the imagery.   

Cloud masks 

The WorldView-2 imagery contained some small clouds, and their associated shadows, in all four 

scenes, with relatively large canvasses found in the central images of 2011 and 2013. These needed to 

be manually digitised and masked from the rule base to avoid confusions in the classification, as they 

can change how the features on the ground appear in the imagery. 

Fetch (proxy for Wave Action) 

Fetch was modelled to provide an indication of sheltered and exposed water, using the USGS Wind 

Fetch Model and average wind directions. This was based on the reasoning that the longer the distance 

a wave has travelled, through wind, the larger the wave and the greater the exposure of the underlying 

near-surface habitats. 

Reef Crests 

This single layer was created after the initial classification, based on the ecological ruleset. Those areas 

that were within a shallow depth of 5 metres and displayed very high and very low curvature were 

combined to create a single dataset layer. This layer is displayed below in Figure 7. 

 
Figure 7: Derived reef crests across Anguilla archipelago 
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3.4 Imagery segmentation 

The report of Phase 1 describes the level of detail it is possible to observe depends on the pixel size of 

the image, with Figure 8 illustrating the relationship (Medcalf and Cameron, 2013). 

 
Figure 8: Pixel size and the relationship with habitat scale 

The earth observation technique of image segmentation is introduced, where the computer examines 

every pixel of an image, grouping them together in the same object if they possess similar properties of 

colour and texture. The initial rule base for the marine environment used a single, simple segmentation 

which used all the water-penetrating bands (coastal blue, blue and green) and the bathymetry dataset, 

to produce medium sized objects.  This approach was used in an initial pilot test, to give an initial view 

of the data and identify the scope for the development of a more sophisticated segmentation, based on 

the ecological manifestations of the benthic habitats, within the context of the marine environment. 

 

3.5 Marine Mapping 

3.5.1  Marine Classification 

Once each object has been segmented, classification rules can be used to separate out the different 

components of the environment.  Rule development attempts to codify our understanding of benthic 

spectral signatures and their environmental context.  For example, coral has environmental constraints 

based on shallow and sheltered depths, less than 400 metres from land and with certain distance from 

mangroves which cause high sedimentation and prevents coral growth.  Investigating objects within 

these constraints increasing the likelihood of classifying the target habitat. A three tiered classification 

approach was initially adopted, relating to the reef scale, geomorphic zone and benthic communities, 

with each class associated with their spatial characteristics through ecological knowledge, and spectral 

band combinations. A subset of the spatial characteristics of marine features, based on ecological 

knowledge, is shown in Table 2. 
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Table 2: Subsample table illustrating spatial characteristics of tropical marine features, compiled by L. 

Porteous, (2013) 

 

However, while it was possible to separate and extract the potential main communities of coral, the 

information contained within the snorkel survey had no spatial locations associated with them. This 

dramatically reduced the availability of ground-truth data, and instead, was relying on the 52 SCUBA 

dive locations. As a result, it was not possible to confidently identify the potential coral classes. Instead, 

the classification scheme was taken back a step to produce a simple but robust marine map of the 

vegetated, non-vegetated and reef areas, with the possibility of identifying the original coral classes 

with more available ground-truth data. A hierarchy classification tree is shown in Figure 9, with the final 

marine map in Figure 10. 

 

FEATURE SCALE SHAPE TEXTURE COLOUR  CONTEXT BATHYMETRY WAVE 
ACTION 

SUBSTRATE  

NON-MARINE 

LAND variable variable L - H variable Not sea Above water 
level 

n/a Terrestrial 
(n/a) 

Associated community/sp.: Coastal/terrestrial 

REEF TYPE 

BARRIER 
REEF 

10s-100s 
m’s wide, 
100s m’s 
– km’s 
long 

Broad, 
long, 
aggregati
on of 
shapes 

M/H mixed Away from coast, 
adjacent deep 
water, chain of 
islands/ reef crest 
(2) 

Mixed mixed mixed 

Associated community/sp.: Mixed coral reef habitat 

REEF GEOMORPHOLOGY 

REEF CREST/ 
SHALLOW 
FORE-REEF 

Several – 
tens m’s 
wide, 
100s m’s 
- km’s 
long 

contoure
d, 
islands/c
hannels 
where 
eroded 

M/H Green/br
own/blu
e, white 
where 
wave 
break 

Adjacent to fore-
reef (1) 
 away from 
coastline 

Shallow. 1-
5/10m (6) (7), 

Strong 
wave 
action 
(6) (7) 

Hard 
substrate 

Associated community/sp. : (coralline/encrusting red algae (10),  brown algae e.g. Lobophora variegata, dominant coral - Acropora (6) (1), 

BENTHIC COMMUNTIES/COVER 

HARD 
CORAL 

1m.s – 
100s m's 

Variable;, 
irregular, 
elongate, 
rounded 

M/H, More 
than 
seagrass 
(17) (1). 
Patchy/het
erogeneous 

Dark 
bands on 
edges 
(17). 
Blue/bla
ck, 
green/br
own  

>400m from 
mangrove, 
(sedimentation 
detrimental) (4), 
>400m from salt 
pond 
(nutrient/sediment 
detrimental) 

<40m (1). 
Mostly <25m, 
highest diversity 
10-35m ( (5) (18) 

Dense 
in high 
energy 
areas 
(1) 

Hard 
substrate, 
rocky 
coastline, 
submerged 
rock (4) 
 

Associated community/sp.: hard coral sp.  
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Figure 9: Hierarchy rule-base, showing simplified classes 
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Figure 10: Phase 2 marine habitat map of the Anguillan archipelago
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3.5.2 Bathymetry 

The bathymetry dataset was created after the correction for sun glint, but before any depth correction. 

The SCUBA and marine survey data were given spatial locations based on their XY coordinates, with 

their verified depth values attributed to each point. Relative bathymetry was determined using a natural 

log band ratio method, to linearise the spectral decay as a function of depth using the coastal blue and 

green bands, which takes taking advantage of the spectral decay of green before blue within the water 

column. The resulting raster bathymetry values were obtained by regressing the relative depths created 

from the spectral decay against the verified depth. This method was repeated until, after plotting the 

surveyed depth against the raster bathymetry values in a spreadsheet, the line of best fit produced an 

equation as close to y = x as possible. The graph of the results are displayed in Figure 11. 

 
Figure 11: Relative bathymetry values plotted against survey depth values 

 

The Final bathymetry dataset output is displayed in Figure 12. The use of all four image datasets created 

a near cloud-free output except for the shallow water areas off the south-west tip of the main island, 

where the extent of the 2013 imagery did not entirely overlap. The shallow water areas surrounding 

Dog Island contain ‘No-Data’ values, which is due to a combination of factors. The pre-processing of the 

marine environment produces an output which cannot deal with any terrestrial surface or objects above 

the water line, which means an image captured at low tide exposes more terrestrial area than normal. 

Another factor comes as a lack of survey depth data extracted from the western side of the archipelago, 

which means there was little control on the output when regressing the raster values to the survey data. 

As a whole the output is a very reasonable visualisation and digital dataset of marine depth, which 

produces similar values to an Admiralty Survey chart of the approaches to Anguilla, published by the 

Hydrographic Office in 1985, kindly provided by the DoE. 
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Figure 12: Bathymetry dataset, derived from WorldView-2 imagery 
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3.5.3 Water quality analysis 

Water quality is an important aspect of functioning ecosystems; in terms of bathing water quality, food 

provision and biodiversity. There are many aspects of water quality, such as chemical compounds, 

acidity, and suspended material. Suspended material can be particularly significant to photosynthesizing 

organisms such as seagrass and coral reefs, where the light penetration influences species distribution 

and persistence. Inputs of sediments after storm events can also have potentially devastating effects on 

the ecosystem by increasing nutrient loads. Sediment load in coastal regions is influenced by wave 

action and land runoff channels, in addition to seabed disturbance (e.g. from mineral abstraction) and 

waste disposal pathways.   

A method for detecting Total Suspended Solids (TSS) using EO techniques has been proposed by Ouillon 

et al. (2008), utilising the Red Edge spectral region. This method was applied to the central region of the 

main island of Anguilla, and indicated areas of elevated TSS levels (Figure 13). Future work could 

investigate the cause and ecological significance of the TSS patterns. 

 
Figure 13: Total Suspended Solids (TSS) of the central region of the main island 

 

3.5.4 Beach change detection 

Rising sea levels and increases in tropical storm activity contribute heavily to beach erosion, affecting 

industries such as fishing and tourism. In previous years, the temporal and spatial changes of the coastal 

regions of Anguilla have been analysed using decadal aerial photography interpretation, an expensive 

but reliable option. Using earth observation techniques, it is possible to create an affordable time-series 

collection of datasets that can track changes over time. In collaboration with DoE and Environment 
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Systems, a Masters dissertation describes how two separate high resolution classifications of beaches; 

IKONOS 2004 and 2011 WorldView-2, were produced using object-based classification techniques 

(Commins, 2013). Five classes were produced including developed areas, sand, ironshore and 

vegetation (Figure 14). 

 
Figure 14: Detail of IKONOS and WorldView-2 beach classifications (Commins, 2013) 

The area and total change for each class was calculated, with percentage change derived from the 

proportion of change compared to the IKONOS 2004 classification (Commins, 2013), shown in Table 3. 

This shows that whilst beach sand has remained relatively stable, a large increase of ironshore habitat 

has developed since 2004 at the expense of coastal vegetation. This change in ironshore and vegetation 

was thought to be as mixture of the slow recovery of vegetation and exposure of ironshore as a result of 

Hurricane Earl in 2010, or the cutback of mangroves (Commins, 2013). There may also be some 

classification error between the two classes due to imagery differences. 

Table 3: Land cover change from IKONOS 2004 and WorldView-2 2011 classifications (Commins, 2013) 

 Ikonos (2004) WorldView-2 (2011) Change 

Habitat Class Area (km
2
) Area (%) Area (km

2
) Area (%) Area (km

2
) Area (%) 

Sand 0.61 7.46 0.63 7.72 +0.02 +3.46 

Water 3.40 41.52 3.34 40.86 -0.05 -1.58 

Vegetation 2.41 29.51 1.78 21.81 -0.63 -26.12 

Ironshore 0.90 11.01 1.55 19.00 +0.65 +72.49 

Developed areas 0.86 10.49 0.87 10.62 +0.01 +1.18 

Total 8.18 100.00 8.18 100.00   
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4 Terrestrial Classification 

4.1 Image preparation 

The study utilised full band WorldView-2 imagery and a LiDAR DTM supplied by the Government of 

Anguilla. The WorldView2 image was radiometrically and atmospherically corrected and orthorectified 

as described in Section 3.2.3.  

4.2 Imagery segmentation 

A series of image segmentations were undertaken in order to optimise image object size and shape for 

each stage of the classification hierarchy. Segmentation parameters were chosen based on the type of 

habitat or land cover feature to be subsequently classified, using specified combinations of WorldView-

2 image bands to provide maximum separation of the land cover types. Once the image was segmented 

into appropriate objects, classification rules were applied to assign land cover types to each object.  

4.3 Creation of derived imagery 

In order to extract the maximum amount of ecologically useful information from the data, it is desirable 

to produce a number of derived products from the imagery. Vegetation indices are one of these derived 

products and are combinations of surface reflectance at two or more wavelengths used to highlight 

various properties of vegetation. They include the Normalised Difference Vegetation Index (NDVI) which 

is derived from visible red and near infrared bands. While there are over 150 vegetation indices that can 

be generated, many of which have been published within scientific literature, only a small subset have a 

substantial biophysical basis, or have been systematically tested. Linear spectral unmixing can also be 

used to give an estimate of the relative amount (fractions) of features of the image. These features can 

include shade or moisture, photosynthetic (green) vegetation (PV) and nonphotosynthetic (dead or 

senescent; NPV) vegetation (Lucas et al 2011). The performance and suitability of a particular index or 

fraction can generally be determined by the sensitivity of the index to a characteristic of interest. NDVI 

is the most widely used index and separates green vegetation from other surfaces because the 

chlorophyll of green vegetation absorbs the red light for photosynthesis, and reflects in the near 

infrared wavelengths due to scattering when the incoming radiation is forced to deviate from a straight 

trajectory through interaction with different elements of the leaf structure. A high NDVI value will 

therefore indicate high leaf biomass, canopy closure, or leaf area. 

4.4 Classification  

Canopy density is an important attribute of Anguillan vegetation types; particularly with regards to the 

classification of thicket, scrub and mangroves. Rulesets were developed to classify vegetation into three 

broad classes relating to canopy density; high canopy density (thicket); moderate canopy density and 

low canopy density vegetation. Low canopy density can be indicative of sparse vegetation on limestone 

pavement, or heavily disturbed areas such as those cleared for agriculture. Using the WorldView 

imagery more detailed detection of differences in vegetation canopy density was possible, as shown in 

Figure 15, Figure 16 and Figure 17. 
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Using the enhanced spectral resolution of the full-band WorldView images more detailed classification of mangrove and dry forest communities. Further 

improvement to the mangrove mapping may be possible following ground-truthing of the classification results. Mature Coccoloba trees were found to 

display very distinct spectral reflectance characteristics in the NIR region, and individual trees of this genus could be readily classified, although there were 

spectral similarities with mangroves. An attempt was made to classify thatch palm distribution using the satellite imagery, but insufficient data points of 

known locations of thatch palm were available with which to develop a classification ruleset. It may be possible to develop classification rulesets for several 

individual Anguillan tree species, but such analyses would require wider data collection of tree location points for a range of species (i.e. including both 

target and non-target species) prior to undertaking ruleset development. 

 

Figure 15: WorldView-2 image used for phase 2 

habitat classification 

Figure 16: Habitat canopy density types as 

classified in the Phase 1 using SPOT and 

WorldView-2 RGB imagery. 

Figure 17: Habitat canopy density types classified 

using full band WorldView-2 imagery. 
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In common with other plant species of interest, insufficient data points were available to develop a 

classification of Rondelita anguillensis. However, a wealth of information has been gathered regarding 

the habitat preferences of this species. R. anguillensis is known to occur on limestone pavement in 

sheltered, humid regions, avoiding salt breezes. The species does not tend to be found in dense canopy 

vegetation or in heavily disturbed areas, but is most common in sparse-intact, or moderately disturbed 

areas (Andre and Hodgson, 2009). These attributes indicated the possibility of carrying out a R. 

anguillensis habitat suitability classification; such a classification does not attempt to classify the 

location of the target species, but classifies regions where conditions are likely to be favourable for 

supporting the species. Such a classification can assist species conservation by identifying areas of 

habitat important for connecting different species populations and facilitating dispersal, genetic 

transfer, or opportunities for species range expansion.  

Using vegetation transect data supplied by GoA, vegetation canopy spectral characteristics of areas 

supporting R. anguillensis were analysed. A ruleset was developed classifying areas of corresponding 

canopy characteristics, incorporating contextual information about exposure. This classification 

produced two output classes, representing areas which may provide conditions for supporting R. 

anguillensis; relatively high-disturbance area (less suitable) and relatively low-disturbance areas (more 

suitable). This is shown in Figure 18. Future work could develop this classification further, incorporating 

detailed topographic analyses and classification of the distribution of R. anguillensis companion species.  

 

 

Figure 18: Rhondelita distribution 
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5 Ecosystem Service Mapping 

In the Phase 1 report, the role of ecosystem services are described as the services we obtain from the 

land. These can be direct such as food, or hidden such as flood protection (MEA 2005). Ecosystem 

service maps are valuable tools for both policy makers, land managers and those involved in land use 

decision, as they provide an evidence base for decision making.  Behind this work is the basic premise 

that each parcel of land influences the delivery of many ecosystem services in some way, even if this 

contribution is only small (or has a negative effect on that service). This is the theory behind the SENCE 

(Spatial evidence for natural capital evaluation) tool developed by Environment Systems. The four key 

factors are: 

 The habitat or land cover of an area, for example  grasslands have different characteristics to 

woodlands, 

 Soil/geology, although often unconsidered, the soil and geology contains a large amount of 

biodiversity and controls many processes in the environment, 

 Landform and hydrology, whether land is step or flat and its proximity to water are significant in 

controlling how the land affects ecosystems, 

 Management of the land, if water courses are straightened or if land is ploughed/ fertilised it a 

difference to the type and strength of ecosystem services the land provides, 

Within Anguilla there is not yet a detail geology map.  Proxy data is available as a broad scale soil map 

but detailed geology data would make the mapping of ecosystem service much more precise. 

Descriptions of the four key factors involved are provided as well as an example of how they can be 

created from derived earth observation and GIS products. For this study, four ecosystem services were 

created and described below. 

5.1 Carbon Sequestration Potential 

Carbon sequestration is the process by which atmospheric carbon dioxide (CO2) is captured and stored 

on a long-term basis. The current concentration levels of CO2 has increased by over 30% in the last 200 

years (IPCC, 2007), changing the way in which the Earth’s atmospheric and oceanic climate behaves and 

influencing the populations and distribution of species. This can affect every day human activities and 

industries such as fishing and tourism. Within the environment of Anguilla carbon sequestration is 

dependent mainly on above ground biomass production, with much lower input in terms of soil 

carbon,(which is affected by slope and hydrology). We therefore based an initial estimate on carbon 

question on vegetation (both marine and terrestrial productivity), this could be enhanced one geology, 

soil detailed layers together with a more detailed assessment of the marine environment is made. 

An image NDVI which indicates the productivity of an object can be used as a proxy for carbon storage, 

even within a marine environment, providing global storage rates of different marine vegetation types 

can be examined. A desk-based study indicated that marine vegetation, such as seagrass meadows, 

offers one quarter of the long-term carbon burial rate of mangroves, and that coral reefs offer little 

carbon sequestration but instead act as a slight source of the natural gas (Pidgeon, 2009). 



Anguilla Habitat Mapping Using EO  Environment Systems 

  26 

The NDVI values were derived from the 2012 SPOT 5 image, resampled to a higher resolution. A mask of 

areas that were unlikely to demonstrate any significant impact on carbon sequestration was creating 

using classes from the terrestrial habitat map from the Phase 1 study, such as bare ground, beach, 

buildings, ironshore and recreation grounds. For the marine environment, the classes derived from the 

Phase 2 marine habitat map were utilised in combination with the results from the desk study, where 

sandy or coral reef areas were scored low and vegetated areas scored relative to those values found 

within the mangroves (Figure 19).  

 
Figure 19: Carbon sequestration potential across the Anguilla archipelago 

5.2 Cultural Resources 

Cultural resources represent those areas that allow for recreation, aesthetic appreciation, cultural 

reflection and inspiration, for tourists and residents alike.  These areas can include man-made features 

such as buildings of notable architecture and history, museums as well as theatre and music venues. 

Areas of natural beauty such as coral reefs, beaches and caves can also provide a sense of place and 

help improve mental and physical health. It is important to understand the spatial distribution of the 

cultural areas in order to provide access to the public and ensure that they are protected and 

maintained. 

The resulting output was created using a variety of datasets to provide information based on four areas 

of cultural significance (Figure 20). Areas of beach were derived from the terrestrial classification of 

Phase 2 with dense reef extracted from the marine habitat map. Two shapefile datasets containing 

information on festivals and archaeological cave sites were supplied courtesy of the Department of 

Environment. 
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Figure 20: Areas of cultural significance across the Anguilla archipelago 

 

5.3 Food Potential 

The provision of food from the ecosystem is an important aspect to understand and provides an impact 

on the well-being of the population such as the ability to access basic resources, earn an income and 

gain a livelihood. 

The dataset, displayed in Figure 21, was creating by attributing previously agreed classes with a value of 

1-5, where 1 is a low potential and 5 a high potential of food. Due to the level of classification within the 

marine classes and the physical ability to extract any produce, the scale of food potential was limited to 

1-3 in these areas. A small, offshore buffer was also applied to the coast to reduce the complexity of the 

shoreline classes derived from the marine habitat.  



Anguilla Habitat Mapping Using EO  Environment Systems 

  28 

 
Figure 21: Food production potential across Anguilla archipelago 

The table below (Table 4) shows the relative scores from high to low of the marine and terrestrial 

agreed classes for food potential. 

Table 4: Food production potential of Phase 1 terrestrial and Phase 2 marine classes 

Habitat Food Potential Habitat Food Potential 

Active Agriculture High Fallows Moderate 

Reef (Dense) High Reef (Sparse) Moderate 

Sandy (Deep) High Sandy (Shallow) Low 

Bottoms Moderate Vegetated Substrate Moderate 

 

5.4 Medicinal Plant Species 

Vegetation transect observations, provided by the Department of Environment, allowed for the spatial 

distribution of those observations that contained medical plant species such as Byrsonima lucida and 

Ernodea littoralis. By totalling the numbers of observations of species for each transect, it was possible 

to visually describe both the proportion of each medicinal plant species per transect and the relative 

number of records observed. 

Cross-referencing this information against the Phase 1 classes allowed for the extraction of the habitats 

that each transects that contained a medicinal plant observation was recorded within. Figure 23 show 

bars charting the number of medicinal plant species observation within each Phase 1 class category. 
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Figure 22: Spatial locations of medicinal plant species, relative to the number of observations 

 

 
Figure 23: Stacked bar chart displaying proportion of medicinal plant species found in Phase 1 terrestrial 

classes
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6 Recommendations  

The marine habitat map and its contextual layers are of a simple design that can be repeated quickly 

and efficiently, and provides a good starting point in highlighting features of importance to the 

ecosystem and green economy. It lends a positive understanding of what is possible with EO, but 

requires further research to fully exploit the possibilities.  

Ground-truth data is of great importance, as marine remote sensing is limited to the use of the water 

penetrating bands; the greens and blues. With this study, whilst ground truth data was available, they 

had no associated locations so could not be utilised. With relevant ground-truthing, it may have been 

possible to separate the different communities of coral, and help separate the seagrass from the algal 

flats.  

It is also recommended that separate classifications are performed at different depths. During this study 

the water column was divided into three separate zones; shallow, medium and deep, with a separate 

classification performed in each. Whilst this approach greatly reduced the impact the water column may 

have had on the classification, confusion between classes was still apparent. It is suggested, therefore, 

that separate classifications are performed at roughly exponential depth intervals e.g. from 0-1m, 1-2m, 

2-4m, 4-8m etc.  

The bathymetry layer can be easily repeated, provided ground-truth data with depths are made 

available. It is important to note that depth data must be extracted from across the entire area of 

interest, in both shallow (<10 metres) and deeper (up to 20 metres) waters. This ensures that when 

performing the regression analysis, the majority of the information contained within the relative 

bathymetry layer can be used to create the final product. The map itself contains a wealth of data on 

the nature of the seafloor, and can be used to model reef change and the movement of shallow sand. 

When combined with other contextual layers, such as the fetch, it is possible to create and extract proxy 

reef features and habitats, without the need for classification procedures.  

Accompanying GIS information such as anchorage locations, invasive species, local fishing areas, diving 

hotspots, pollutant sources and coastal development can all be incorporated with the outcomes of this 

study. This could enable the initiation of targeted management and monitoring schemes, and focus 

resources to those areas and environments that are at most risk and those that would benefit most 

from sustainable management practices.  

Similar themes of further study can be applied to the terrestrial datasets, where ground truth data plays 

a crucial role. More work in future applications would allow for identifying individual tree species.  This 

would require a specific ground survey identifying where vegetation does and does not contain the 

species of interest (eg thatch palm). Showing, not just to the positive identification of species of interest 

(i.e. known location of thatch trees), but also negative identification of these species (i.e. species that 

are not thatch trees would ensure a greater amount of information with which to train a rule set and 

could allow for the statistical manipulation of the data (using PCA analysis) to enhance the identification 

of this species.  This could then link to habitat for endemic lizards and to other ecosystem services 

provided. 
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Individual tree species classification had some success using Principle Components Analysis (PCA). 

Multispectral earth observation imagery are often highly correlated, which PCA transforms into 

uncorrelated variable. This essentially involves plotting one spectral band against another as an XY 

scatterplot, and creating two new axes that depict the greatest variation, one perpendicular to the 

other, as shown in Figure 24. 

 

Figure 24: Visual description of Principle Components Analysis (PCA) (Image sourced from ArcGIS 

Resources 2012) 

Once the detailed geology data is available more ecosystem services could be mapped.  The ecological 

levels of these could be described using a high to low classification.  Where appropriate this could then 

be linked to the economic assessment giving the monetary value of the services. 

7 Conclusions 

This project has used earth observation to produce a satellite map of the Anguillan archipelago marine 

environments together with bathymetry and enhance terrestrial habitat map. Four ecosystem service 

maps have been produced to show the potential of this type of mapping to help inform an NEA analysis.  

The marine map has used field studies carried out by Newcastle University, as a basis for building a 

biophysical earth observation classification that can be used to show how the marine environment 

contributes to both biodiversity and other ecosystem services. Due to initial constraints the map was 

constricted to primary habitats. This has meant that the fine scale features, in particular the different 

coral communities, have not been mapped. Running the classification again, with survey data containing 

XY coordinates and at exponential depths, would significantly enhance the accuracy of the spatial 

representation of these areas, and potentially allow for the identification of different vegetated 

communities.  

The WorldView-2 imagery was successfully translated into a digital bathymetric dataset, using depth 

survey data provided by Newcastle University and DoE. Areas of no-data were created where there was 

extensive cloud cover with no overlap of imagery, and surrounding Dog Island due to a lack of survey 

information. The techniques used are robust and repeatable, can be used to monitor change and input 

into further analysis of ecosystem features such as the monitoring of shallow sand loss. The data 

created during this work can be used as a basis for sustainable decision making in Anguilla’s planning 

processes by the DFMR (Department of Fisheries and Marine Resources) and all relevant natural 

resource management agencies. 

The terrestrial classification expanded on the original Phase 1 habitat map by calculating the vegetation 

canopy density, an important aspect with regards to the classification of important ground species such 

as mangroves. Using the full 8-bands of WorlView-2 enabled a more detailed classification of mangrove 
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and dry forest communities, with future enhancements possible with more ground data. Individual 

trees of mature Coccoloba were easily identified, and it is suggested that PCA is performed with a wider 

data collection of tree species, in order to fully utilise the spectral bands of the imagery and identify 

further individual species. 

Four datasets representing ecosystem services were created; carbon sequestration potential, cultural 

resources, food potential and medicinal plant species. The carbon output was based using NDVI 

(productivity) as a proxy for sequestration, and desk-based knowledge that marine vegetation stored 

one quarter the volume of carbon than mangroves. Areas of cultural significance utilised outputs from 

the original Phase 1 terrestrial map, the newly created marine habitat and datasets provided by the 

DoE. Areas of food production potential were created by ranking agreed classes from 1 (low) to 5 (high), 

with marine areas achieving a maximum potential of 3. Medicinal plant species were extracted from 

transect observations, provided by DoE, and transformed into spatial datasets representing the 

proportions of each medicinal species and the number of observations recorded. The spatial locations 

were cross-referenced with the Phase 1 terrestrial map to identify which medicinal species grew in each 

habitat.  

This project has collected and modelled a number of key data sets that will assist the island in providing 

evidence to ensure that the most can be made of its natural capital.  The maps can be further modelled 

and refined to reflect the situation on the ground when additional data become available.  These maps 

can also be used as the base line of a monitoring programme where change can be assessed against 

desired outcomes and progress against key international targets reported. The data created during this 

second phase of the project can be used as a basis for sustainable decision making in Anguilla’s planning 

processes by the LDCC (Land Development Control Committee) and all relevant natural resource 

management agencies. 
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