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Aruba is rijk aan natuurlijke terrestrische ecosystemen, variërend van droge tropische bossen, grotten en 

stranden tot zoutmeren en mangroves. De interactie van menselijke activiteiten met de natuurlijke 

ecosystemen wordt weerspiegeld in de landbedekking. Inzicht in de huidige landbedekking en hoe het land 

wordt gebruikt is essentieel voor het beheer en de ruimtelijke ordening. In deze studie hebben we een 

ruimtelijke landbedekkingsclassificatie van Aruba ontwikkeld op basis van zeer hoge resolutie multi-spectrale 

satellietbeelden, veldwaarnemingen en aangevuld met lokale kennis. Daarnaast hebben we op basis van 

historische luchtfoto’s en de oude Werbata topografische kaarten de veranderingen in landbedekking in kaart 

gebracht over de periode 1900-2020. Een van de belangrijkste landgebruiksveranderingen op Aruba is dat de 

stedelijke gebieden sinds 1900 ruim honderd keer zo groot zijn geworden, grotendeels ten koste van 

landbouwgrond en natuurgebieden, en het stedelijk gebied nu bijna 50% van Aruba beslaat. 

 

Aruba is rich in natural terrestrial ecosystems that range from dry tropical forest, caves and beaches to salt 

lakes and mangroves. The interaction of natural ecosystems with human activities is reflected in the land 

cover. Understanding current land cover and how the land is being used is elementary for land management 

and land use planning. In this study, we developed a land cover classification of Aruba based on very high-

resolution satellite imagery, field observations, supplemented with local knowledge. Alongside this, we have 

analysed historical aerial photographs and the Werbata topographical maps to outline the changes in 

landcover from 1900 to 2020. The most significant land use change on Aruba is that urban areas have 

expanded more than 100 times since 1900 and now cover nearly 50% of Aruba. This land use change has 

taken place largely at the expense of agriculture and natural areas. 
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1 Introduction 

Aruba is a small island of approximately 180 km2 located in the Southern Caribbean Sea 30 km north of the 

Venezuelan coast. It is characterised by semi-arid climate with an average rainfall of 500 mm per year, but 

this can vary significantly annually. As well as its coral reefs and sea grass beds, Aruba is rich in natural 

terrestrial ecosystems ranging from dry tropical forest, caves and beaches to saliñas, mangroves and fresh 

water wetlands, despite its small size. These ecosystems provide a range of ecosystem services to Aruba’s 

population, including food provision, recreation opportunities for tourists, cultural heritage and habitat 

provision. Of the 14,408 hectares now safeguarded under the Ramsar Convention, 6,020 hectares are 

terrestrial (Henkens, 2023; Ramsar, 2023), there are also Important Bird Areas (DCNA, 2004) and 16 official 

protected nature reserves (whenInAruba, 2020).  

 

Aruba is relatively densely populated with around 108,000 inhabitants in 2024. The well-being and prosperity 

of the island’s population depends highly on the quality of the natural environment. Aruba, therefore, faces 

major challenges in the areas of: managing urban expansion, (mass) tourism and population growth, local 

food production, adaptation to climate change and halting biodiversity loss. 

 

The land cover reflects the interaction of the natural ecosystems with human activities (Mücher & Verweij, 

2020). Surveying the current land cover and how the land is used, especially with regard to the current 

challenges, is, therefore, a basic requirement for land management and land use planning. The measurement 

of current conditions was achieved through land cover mapping.  

 

Satellite images are often used as the basis for land cover mapping as they allow a measured synoptic 

snapshot that covers the entire island at a single moment in time. Multiple images through time can reveal 

how the land cover changes (Saah et al., 2019). Since most very high-resolution satellite imagery sources do 

not date back much, old topographic maps, such as the Werbata maps and historic aerial photographs, were 

used to analyse the changes in land cover on Aruba since 1900.  

 

In this study, we first implemented a land cover classification at one metre spatial resolution for the whole of 

Aruba for 2020. This was based on very high-resolution multispectral satellite imagery, field observations, 

supplemented by additional GIS sources, and local knowledge. Chapter 2 discusses the materials used for 

the land cover classification for 2020. Chapter 3 discusses the methodology developed for the land cover 

classification. Chapter 4 discusses the resulting high resolution land cover classification 2020 for Aruba and 

also includes an accuracy assessment. Chapter 5 discusses the historic land cover changes for Aruba over 

the period 1900 – 2020 and includes an overview of the sources of information that were used in the 

analysis, the method used for change analyses, and the results and conclusions from the analysis of historic 

land cover changes.  
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2 Materials 

2.1 Worldview-3 very high-resolution satellite imagery  

Very high-resolution satellite imagery has been acquired for Aruba, consisting of highly detailed ortho-

rectified images from the Worldview-3 satellite. These Worldview satellites are owned by DigitalGlobe. The 

first, Worldview-1 satellite, was launched in 2007. WorldView-3, which was launched on 13 August 2014, is a 

multi-payload, multi-spectral, high-resolution commercial satellite sensor that operates at an altitude of 617 

km. It provides 30 cm panchromatic resolution (450-800 nm) and 1.2 m multispectral resolution across eight 

spectral bands (see Table 1). It offers the highest spatial resolution of all satellites available for civil 

applications and is especially suited for studying the terrestrial and marine environment of the Caribbean 

Islands.  

 

 

Table 1 Spectral characteristics of Worldview-3. 

Band nr Spectral band name Wavelength (nm) 

1  Coastal blue 400 - 450 nm 

2 Blue 450 - 510 nm 

3 Green 510 - 580 nm 

4 Yellow 585 - 625 nm 

5 Red 630 - 690 nm 

6 Red Edge 705 - 745 nm 

7 Near-IR1 770 - 895 nm 

8 Near-IR2 860 - 1040 nm 

 

 

The satellite has a daily revisit time and can collect up to 680,000 km2 per day (SIC, 2022). However, 

obtaining cloud-free Earth Observation (EO) data for Aruba remains challenging, as clouds often form in the 

early afternoon when the satellite passes over the island. Consequently, the final selection of WV-3 imagery 

for Aruba comprised mainly of data collected on May 20, 2020 that covered the Northern and Southern 

regions. And for some minor parts, March 20, 2020 due to cloud cover or some missing scan lines, that 

covered the Southernmost region (see Figure 1).  

 

A pan-sharpened mosaic with a 30 cm resolution was created for the entire island based on this data. It 

includes the coastal marine zone (see Figure 2 and Figure 3). This 30 cm resolution pan-sharpened mosaic 

was also used to digitize the coastline in greater detail (CoastlineAruba2020v2.shp), enabling the separation 

of terrestrial land from the surrounding marine environment. The scope of this report focuses solely on 

terrestrial land cover and the clipped terrestrial satellite image (based on newly digitized coastline), formed 

the basis for further image classification using field observations as training data.  

 

The newly created 2020 land cover database has a spatial resolution of one metre and can serve as a basis 

for further monitoring and spatial modelling of specific natural habitats and their services (e.g. Mahamane 

et al., 2017; Kapetanaki et al., 2017; Dick et al., 2017; Verweij et al., 2016; Schep et al., 2013; Burkhard 

et al., 2009). 
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Figure 1 Sources of Worldview-3 satellite imagery from two dates used within this study. 

 

 

 

Figure 2 Pan-sharpened Worldview mosaic with 30 cm resolution based on the two above-mentioned 

dates. It could be said, mainly based on May 21st, 2020.  
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Figure 3 Example of a detail of the pan-sharpened Worldview-3 mosaic at 30 cm resolution at Spanish 

Lagoon. 

 

2.2 Fieldwork 

Fieldwork was conducted between November 16th to 24th 2022. It also included a benthic survey of the 

Southern and Western coasts for another project (Thomas, 2024). However, the benthic habitat mapping is 

not included in this report and was published separately as part of a Master’s Degree thesis (Thomas, 2024).  

 

Terrestrial field observations of the land cover types, used as training data for the land cover classification, 

were collected with a Trimble TDC600, with a spatial accuracy of one metre across the entire island. All land 

cover classes were documented, and for any under-sampled land cover classes, additional fieldwork was 

conducted in the final days of November 2022 to gather more data. Most georeferenced observations were 

supplemented with photographs taken by the Trimble TDC600, mobile phones, and a GoPro 10 (with the 

GoPro primarily used for the benthic survey). 
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Figure 4 Main tools used for the survey: A mobile phone with camera, Trimble TDC600 as a GPS for 

recording ground truth information, and a GoPro. 

 

 

In total, 1,097 ground observations related to the actual land cover were recorded across Aruba between 

16th and 24th November, 2022 (see Figure 5). All associated photographs were stored as geotagged images 

in a file geodatabase in ArcGIS. In most instances, multiple photographs were taken at each location from 

different directions/angles, and additional images were captured from the car in areas where no ground truth 

data was yet recorded. 

 

 

 

Figure 5 Location of the 1097 ground truth point data and photographs collected in the period 16th to 

24th November 2022. 
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One of the challenges we faced, which could potentially impact the accuracy of the image classification, was 

the difference in time and vegetation development between the field survey (November 2022) and the WV-3 

image acquisition time of May 2020 (see Figure 6). Ideally, the timing of the image acquisition should 

coincide with the field survey to ensure optimal data alignment. While May 2020, (the month of the image 

acquisition) was still a very dry month, the field survey was conducted after heavy rains that caused the 

vegetation to bloom. 

 

 

 

Figure 6 Difference in acquisition time and phenology between the field survey (November 2022) and 

the image acquisition date (May 2020) might have caused some problems in the image classification. 

May 2020 was a very dry month as can be seen in the WV-3 image, while the field survey was conducted 

after heavy rains that caused the vegetation to bloom. The mixed grass cover shown in the photograph 

(right) displays lush growth, whereas the satellite image shows bare soil.  

 

 

Figure 7 below shows the land cover types that were recorded in the field survey between 16th and 

24th November 2022. 
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Built-up 

 

  

Urban bare and pavement 

 

  

Road 

 

  

Urban green 
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Bare rock 

 

  

Bare soil 

 

  

Bare soil sparsely vegetated 

 

  

Bare sand 
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Grassland (mixed grass and 

herbaceous) 

 

  

Low scrub with cacti 

 

  

Low scrub 
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High scrub with cacti 

 

  

High scrub 

 

  

Woodland 
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Mangroves 

 

  

Wetland - reed 

 

  

Wetland – water hyacinth 

 

  

Saliñas 

 

  



 

18 | Wageningen Environmental Research Report 3389 

Fresh water 

 

Figure 7 The different land cover types that have been observed and recorded in a GIS during fieldwork 

in November 2022. In total, 1,097 ground observations related to the different land cover types were 

recorded across Aruba in November 2022. 
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3 Method land cover classification 

The land cover nomenclature for Aruba was influenced by the land cover classification developed for Bonaire 

(Mücher and Verweij, 2020), and the CORINE land cover typology (Bossard et al., 2000; CEC, 1994). 

Additionally, it draws partly from Stoffers (1956) for major land cover types, such as mangrove, wetlands 

and saliñas, scrub, woodland and bare and sparsely vegetated areas (vegetation on rock pavement). Table 2 

begins with the primary land cover classes, which include: 1) Urban; 2) Agriculture; 3) Bare soil; 

4) Grassland; 5) Scrub; 6) Woodland; 7) Mangroves; 8) Wetlands; and 9) Water.  

 

However, after discussions with colleagues interested in habitat modelling (Smith et al., 2013; Opdam et al., 

2003) and ecosystem service modelling for Aruba, additional land cover classes were added. These include 

columnar cactus (a food source for bats) and green- and open urban areas. As a result, a more detailed land 

cover legend was created at Level 2 (Table 2).  

 

 

Table 2 Land cover typology. 

Level 1 Level 2 Class description Unique Value 

1 Urban 11 Built-up 1 
 

12 Urban bare and pavement 2 
 

13 Roads 3 
 

14 Urban green 4 

 15 Urban concrete 5 

2 Agriculture - Cultivated and semi-cultivated areas - 

3 Bare soil 31 Bare rock 6 
 

32 Bare soil 7 
 

33 Bare soil sparsely vegetated 8 

 34 Beach bare 9 
 

35 Bare sand 10 

 37 Dunes bare 11 

 38 Dunes sparsely vegetated 12 

 39 Dunes vegetated 13 

4 Grassland 41 Grassland (mixed grass and herbaceous) 14 

5 Scrubs 51 Low scrub with cacti 15 
 

52 Low scrub 16 
 

53 High scrub with cacti 17 
 

54 High scrub 18 

 57 High cacti 19 

6 Woodland 63 Woodland 20 

7 Mangroves 70 Mangroves 21 

8 Wetlands 81 Wetland – reed 22 
 

82 Wetland – water hyacinth 23 

 83 Saliñas 24 

9 Water 91 Fresh water 25 

 

 

The initial land cover classification for Aruba was explored using an Isodata clustering method 

(Memarsadeghi, 2007), generating 25-50 spectral classes of the Worldview-3 pan-sharpened multispectral 

mosaic at a 30 cm spatial resolution, based on four spectral bands (blue, green, red and near-infrared) 

(Figure 2). However, it became clear that a supervised classification using all eight spectral bands (Table 1) 

at a slightly lower resolution of 1.2 m provided better results. Additionally, the maximum likelihood 

classification gave better results than the Spectral Angle Mapper (SAM) in the ENVI remote sensing software. 

It was also determined that performing a supervised classification for the entire island, instead of classifying 
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the individual regions separately (P1, P2, and P3), would provide better results by utilising the complete 

training dataset, as some land cover classes were only recorded in a few specific regions and not well 

distributed across the island. At the same time, it became clearer that both the four-band pan-sharpened 

mosaic at 30 cm resolution and the eight-band mosaic at 1.2 m still contained significant cloud cover and 

cloud shadows, particularly over the northern half of the island. These clouds and cloud shadows were 

visually interpreted and removed from the eight-band mosaic at 1.2 m resolution (Figure 8). The eight-band 

multispectral mosaic on the right (mosaic_Aruba_WV3_2020_MS8b.tif) was used as the input for the 

maximum likelihood classification in conjunction with the full ground truth data set. 

 

 

 

 

 

Figure 8 Visual identification of clouds (left), the resulting eight-band multispectral mosaic at 1.2 m 

resolution (mosaic_Aruba_WV3_2020_MS8b.tif) and the result of the maximum likelihood classification. 
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In a second stage, several additional geographic databases were incorporated to fill gaps and improve 

thematic accuracy as part of post-processing steps. This began with identifying individual houses and roads 

from OpenStreetMap (OSM, 2023) and filling cloud contaminated holes using the ESA World Cover dataset 

(ESA, 2021). The Spatial Plan (DIP, 2019) was used to distinguish urban regions from rural areas. 

Additionally, the saliñas were digitised with assistance from local experts. Figure 9 shows all the post-

processing steps taken after the maximum likelihood land cover classification.  

 

 

 

Figure 9 Overview of maximum likelihood classification and all post-processing steps. 

 

 

Figure 10 visualises the post-processing steps, in which cloud covered areas (gaps) in the maximum 

likelihood classification were filled with data from OSM and ESA WorldCover (ESA, 2021).  

 

The ESA WorldCover data was integrated after recoding some of its classes to better align with Aruba’s land 

cover categories (Figure 9). Figure 10 also shows that the gaps in the land cover classification were filled in a 

consistent and effective manner.  
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Figure 10 The process of filling the cloud covered areas (gaps) of the maximum likelihood classification 

with data from OSM and ESA World Cover (ESA, 2021, on lower left. 

 

 

Figure 11 illustrates how urban regions were distinguished from rural areas using the Spatial Plan of Aruba 

(DIP, 2019). Within the urban areas, four specific categories were identified: 1) built-up; 2) urban bare and 

pavement; 3) roads; and 4) urban green. 

 

 

 

Figure 11 Distinguish urban zones (orange) from rural zones (green, lower left figure) based on the 

spatial plan (upper left). Within the urban zones, four specific land cover categories were identified:  

1) built-up; 2) urban bare and pavement; 3) roads; and 4) urban green, as show in the land cover 

classification on the right side. 
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In a final stage, the identification of the saliñas was improved by visual delineation with the assistance of 

local experts. Most of the existing land cover types within the saliñas (e.g. bare soil, grassland etc.) were 

recorded into the new, unified overall land cover class: ‘saliña’ (Figure 12). This has improved the accuracy 

and consistency of the saliñas classification. 

 

 

  

 

Figure 12 Including saliñas and recoding some of the land cover classes such as bare soil (Value 7) within 

the delineated saliñas into the land cover class saliñas (Value 24).  
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4 Results 

4.1 Land cover classification 2020 

The resultant land cover database, now version 10 (LandCover2020_1m_v10.tif), was resampled to a 1 m 

resolution (instead of the original 1.2 m) and covers an area of 177 km2. This database focusses exclusively 

on terrestrial land cover, while the benthic habitat mapping will be addressed in another report (Thomas, 

2024). The Aruba land cover database now has a total of 19 land cover classes, which are listed in Figure 13 

and Table 3. 

 

 

 

  

Figure 13 Land Cover Map Aruba (LandCover2020_1m_v10.tif) with an example of the details around  

Mount Jamanota (black box) at scale 1:12.000.   
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The land cover classes vary significantly in their extent (Table 3). The most dominant land cover types are 

i) urban bare and pavement, covering 34 km2 (19,3% of the terrestrial surface); ii) High scrub with cacti, 

covering 29 km2 (16,2%), iii) bare soil, covering 20 km2 (11,2%), and iv) bare soil sparsely vegetated, 

covering 18 km2 (10,3% of the terrestrial surface). The smallest land cover classes are the wetland classes 

water hyacinth covering 4.4 ha and reed covering 25.9 ha. 

 

 

Table 3 Land cover statistics (LandCover2020_1m_v10.tif). 

Class Name Pixel count (1m2) Area (ha) Area (km2) Percentage 

Built-up 10485536 1048.6 10.5 5.94% 

Urban bare and pavement 34038964 3403.9 34.0 19.28% 

Road 5588930 558.9 5.6 3.17% 

Urban green 16508678 1650.9 16.5 9.35% 

Bare rock 7034608 703.5 7.0 3.99% 

Bare soil 19785166 1978.5 19.8 11.21% 

Bare soil sparsely vegetated 18214889 1821.5 18.2 10.32% 

Bare sand 636003 63.6 0.6 0.36% 

Grassland 2212624 221.3 2.2 1.25% 

Low scrub with cacti 13781052 1378.1 13.8 7.81% 

Low scrub 11833130 1183.3 11.8 6.70% 

High scrub with cacti 28586256 2858.6 28.6 16.20% 

High scrub 1971771 197.2 2.0 1.12% 

Woodland 3474765 347.5 3.5 1.97% 

Mangroves 684245 68.4 0.7 0.39% 

Wetland - reed 259399 25.9 0.3 0.15% 

Wetland – water hyacinth 43553 4.4 0.0 0.02% 

Salina 714593 71.5 0.7 0.40% 

Fresh water 650948 65.1 0.7 0.37% 
 

176505110 17650.5 176.5 100.00% 

 

4.2 An accuracy assessment 

For the accuracy assessment an independent validation point dataset was created through visual 

interpretation of the 30 cm resolution pan-sharpened WV-3 mosaic, while also considering local insights from 

the ground survey. The validation dataset consisted of 556 points, covering most land cover types. However, 

for scrub areas, no distinction could be made between low- and high scrub or between scrub with or without 

cacti. Additionally, grassland and woodland were not identified. This approach carries some risk, as errors 

can occur during visual interpretation of the Worldview-3 imagery. Ideally, a separate ground truth validation 

dataset would have been used, but this was considered too costly to gather. Based on Table 4, an overall 

accuracy of 71.6% was calculated, which is reasonable, but not excellent. Some confusion arose due to the 

spectral overlap between urban pavement and roads, as well as between bare soil and sparsely vegetated 

bare soil (Table 4). This negatively impacted overall user and producer accuracy but is quite common in 

remote sensing land cover classifications. The most surprising was the confusion between scrub and sparsely 

vegetated areas. 
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Table 4 Confusion matrix of the Land Cover Classification (LCC) and the validation points (#556). 

  
Validation 

              

   
1 2 3 4 6 7 8 10 18 21 22 23 24 25 Grand Total 

LCC 1 45 
  

4 
          

49 
  

2 5 44 22 
   

2 1 
     

5 79 
  

3 
  

22 1 
          

23 
  

4 
 

2 
 

34 
  

1 
       

37 
  

6 
 

1 
  

26 
 

2 
 

1 
     

30 
  

7 
 

3 5 
 

13 30 3 16 
 

1 
  

1 
 

72 
  

8 
    

6 18 10 
       

34 
  

10 
       

33 
      

33 
  

18 
  

1 1 4 1 19 
 

48 5 1 
 

5 
 

85 
  

21 
   

3 
     

20 
    

23 
  

22 
          

20 
   

20 
  

23 
           

9 
  

09 
  

24 
          

2 
 

21 
 

23 
  

25 
    

1 
       

2 36 39 
  

Grand Total 50 50 50 43 50 49 37 50 49 26 23 9 29 41 556 

 

 

Value Class Name User 

Accuracy 

Producers accuracy 

1 Built-up 92 90 

2 Urban bare and pavement 56 88 

3 Road 96 44 

4 Urban green 92 79 

6 Bare rock 87 52 

7 Bare soil 42 61 

8 Bare soil sparsely vegetated 29 27 

10 Bare sand 100 66 

18 Scrub 56 98 

21 Mangroves 87 77 

22 Wetland - reed 100 87 

23 Wetland – water hyacinth 100 100 

24 Salina 91 72 

25 Fresh water 92 88 

Overall accuracy of 71.6%. 
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5 Historic land cover changes Aruba 

5.1 Sources of information 

Various sources were used for analysing the historic land cover changes, starting with the vegetation map of 

Stoffers (1956). The vegetation map of Stoffers was aggregated into broader land cover classes as shown in 

Table 5.  

 

 

Table 5 Summary generalisation of vegetation classes (Stoffers, 1956) into land cover classes.  

Vegcode Vegname Land cover 

1 Mangrove 70 Mangrove 

2 Strand vegetation 32 Strand vegetation 

3 Vegetation of salt flats and saliñas 80 Wetlands and saliñas 

4 Hippomane woodland 60 Woodland 

5 Settlement and urban areas 10 Urban and built-up areas 

6 Cultivated and semi-cultivated areas 20 Cultivated and semi-cultivated land 

A Cactus thorn scrub 50 Scrub 

A-1 Cactus-scrub 50 Scrub 

A-2 Thorny woodland (Shrubland) 60 Woodland 

A-4 Croton Lantana thicket 50 Scrub 

B Desert 30 Bare and sparsely vegetated 

C-2 Thorny woodland (Shrubland) 60 Woodland 

C-4 Croton Lantana thicket 50 Scrub 

D Vegetation of the rock pavement 30 Bare and sparsely vegetated 

D-2 Littoral woodland 60 Woodland 

 

 

For this reason, the following land cover classes were used to analyse the historic land cover changes 

between 1900 and 2020: 

10) Urban and built-up. 

20) Cultivated and semi-cultivated areas. 

30) Bare and sparsely vegetated. 

32) Strand vegetation. 

50) Scrub. 

60) Woodland. 

70) Mangrove. 

80) Wetlands and Saliñas. 

 

The following maps and image data sources have been processed, see Table 6, and are discussed in more 

detail in the following sections. 

 

 

Table 6 Summary of sources used for analysing historic land cover changes between 1900 and 2020. 

Year of acquisition Source 

1912  Werbata topographic map 

1948  Historic aerial photographs (Black and white) 

1953  Vegetation map Aruba of Stoffers (1956) 

1987  Historic aerial photographs (RGB colours) 

2020  WV3 high resolution multispectral satellite imagery 
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Table 6 shows significant variations in the sources of information over time, making the interpretation of the 

land cover and its changes quite challenging. 

5.1.1 Werbata topographic map (1912)  

The old topographic maps of Aruba, published by Werbata and Jonckheer in 1912, were remarkably detailed 

for their time. The series consisted of eight individual maps at a 1:20,000 scale. These maps are named after 

Johannes Gijsbertus Hendrikus Werbata, a Dutch military officer and Cartographer who played a key role in 

their development. Created primarily to support military operations and colonial administration, the maps 

provided essential geographical information for planning, infrastructure development, and governance. 

Between 1911 and 1915, Werbata surveyed five islands: Aruba, Curaçao, Bonaire, Sint Maarten and 

Sint Eustatius (excluding Saba). The maps, printed in colour at a scale of 1:20,000, included a variety of 

geographical features, such as: 

• Vegetation types and land use patterns. 

• Water bodies, such as rivers, lakes, and coastlines.  

• Contour lines to represent elevation and topography. 

• Settlements, including cities, towns, and villages. 

• Roads, railways, and paths. 

• Administrative boundaries. 

 

For Aruba, all eight individual maps were georeferenced to current high-resolution satellite imagery using 

ESRI ArcGIS. The resulting georeferenced data were transformed to a GeoTIFF with a raster resolution of 

1.5 m. Figure 14 illustrates significant changes in the southwestern coastline of Aruba since 1900, including 

alterations to the barrier islands along the coast. Figure 15 highlights the remarkable level of detail captured 

in the topographic features of these historic maps. The map’s legend is displayed separately in Figure 16 and 

shows the detail and richness of the mapped elements.  

 

 

 

Figure 14 The resulting georeferenced Werbata map of Aruba was created by stitching together eight 

individual sheets, each georeferenced separately. The red line represents the modern coastline, digitized 

from Worldview-3 imagery from 2020. It is clearly visible that that the southwestern coastline has undergone 

significant changes.  
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Figure 15 Details of the Werbata map of Aruba (1912) at a scale 1:10.000 for Oranjestad and Paardenbaai. 
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Figure 16 Legend from the Werbata map for Aruba. 

 

5.1.2 Historic aerial photographs (1948) 

The aerial photographs were provided by the Aruba Conservation Foundation (ACF) as a non-georeferenced 

mosaic (JPEG file). They were georeferenced in ArcGIS Pro using the Georefence tool, using the ortho-

rectified WV3 high resolution image from 2020 (30 cm resolution) as a reference. Although the quality of the 

scanned aerial photographs is relatively poor (scanned at 200 dpi), they remain a valuable source of 

information, as no other image data source is available for the 1940s. Figures 17 and 18 provide an overview 

and shows some details of the 1948 mosaic. 
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Figure 17 Georeferenced mosaic of aerial photographs from 1948 (Source: Aruba Conservation 

Foundation). 

 

 

 

Figure 18 Example of detail of the aerial photographs of 1948 at a scale 1:10.000 for Oranjestad and 

Paardenbaai. The image is noticeably lacking in sharpness. 
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5.1.3 Vegetation Map (1953) 

The vegetation map of Aruba, derived from Stoffers’ study (Stoffers, 1956), offers a detailed overview of the 

island’s plant communities and their distribution. Stoffers’ work is considered foundational for understanding 

the flora of Aruba and other islands in the region. The original map scale is 1: 50.000, based on field surveys 

conducted from September 1952 to October 1953. During this period, Stoffers and his team mapped the 

vegetation of Curaçao, Bonaire, Aruba, St. Martin, Saba and St. Eustatius, culminating in 1956 publication: 

The vegetation of the Netherlands Antilles (Stoffers, 1956). For Aruba it is assumed that fieldwork was 

carried out in 1953. However, verifying Stoffers’ findings is challenging due to the lack of aerial photographs 

from that year. In order to improve consistency across the time series, small adjustments were made in the 

vegetation map with regard the delineations and derived land cover classes using aerial photographs from 

1948 and 1987. 

 

 

 

Figure 19 Vegetation map of Aruba (Stoffers, 1956). 

 

 

The derived land cover map has been slightly modified, as shown below. 

 

 

 

Figure 20 Derived land cover from the vegetation map of Stoffers (1956), slightly adjusted based on 

aerial photographs 1948 and 1987. This was required to make the time series more consistent.  
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5.1.4 Historic aerial photographs (1987) 

 

Figure 21 Example of the aerial photographs of October 1987 for Aruba with a spatial resolution of 

approximately 50 cm. 

 

 

The 1987 aerial photographs were obtained from Carmabi and consist 214 images taken on October 21, 

1987. Although it is likely that KLM Aerocarto captured these photographs, this cannot be confirmed. The 

images have an approximate resolution of 50 cm. 

 

Agisoft Metashape was used to build a stitched mosaic out of all individual aerial photographs. Processing 

with Agisoft Metashape was possible as there was sufficient overlap between the individual aerial 

photographs. The resulting mosaic, in GeoTIFF format, still required georeferencing. This was performed in 

ArcGIS Pro using the Georeference tool, with the ortho-rectified multispectral WV-3 image from 2020 as a 

reference, similar to the approach used for the 1948 aerial photographs. The final georeferenced mosaic is 

shown in Figure 22.  
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Figure 22 Mosaic with a spatial resolution of 50 cm, out of 214 aerial photographs of 1987, processed in 

Agisoft Metashape and georeferenced in ArcGIS Pro. 

 

5.1.5 WV3 high resolution multispectral satellite imagery (2020) 

The data with the highest quality is from May 21, 2020, consisting of ortho-rectified multispectral  

Worldview-3 imagery. This dataset includes an 8-band multispectral image with a 1.2 m resolution and a 

panchromatic image with a 30 cm resolution (see also Section 2.1). 

 

To illustrate the level of detail in the pansharpened multispectral WorldView-3 image at a scale 1:5.000 for 

Oranjestad and Paardenbaai, a snapshot is provided in Figure 23. 

 

 

 

Figure 23 Details of the pansharpened multispectral WV-3 image (30 cm resolution) at a scale 1:5.000 

for part of Oranjestad and Paardenbaai.  
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5.2 Method change detection 

All data sources from the years between 1900 and 2020 have been visually interpreted into the following 

broad land cover classes: 

10) Urban and built-up. 

20) Cultivated and semi-cultivated areas. 

30) Bare and sparsely vegetated. 

32) Strand vegetation. 

50) Scrub. 

60) Woodland. 

70) Mangrove. 

80) Wetlands and Salinas. 

 

The vegetation map of Aruba (Stoffers, 1956), originally at scale 1:50.000, was translated into broad land 

cover classes, using the 1953 vegetation map (the date of Stoffers’ survey) as the starting point. Due to the 

poor topology of the original vegetation map, it was necessary to improve the derived land cover map by 

removing slivers, not closing border polygons, and empty island polygons. Subsequently, visual 

interpretations were made at a scale of 1:50.000 for historical aerial photographs from 1948 (closest to 

1953) and 1987 (second closest to 1953). Initially, the 1953 land cover map was copied to the 1948 and 

1987 maps. Based on visual interpretation of the specific aerial photographs, the borders of the polygons 

and/or their thematic classes were changed when needed. Next, a visual land cover interpretation for 2020 

was performed at the same scale, using the pixel-based land cover map (Figure 24) described in Chapter 1 

as a reference. It is important to note that a visual interpretation at a scale of 1:50,000 differs significantly 

from pixel-based classification. The visual approach (Figure 25) focuses on broad land cover patterns at the 

landscape level rather than individual pixels. 

 

 

 

Figure 24 The pixel-based land cover classification of Aruba for 2020 at 1 m resolution. 
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Figure 25 The visual interpretation of the broad land cover types at the landscape level (interpreted at 

scale 1:50.000). 

 

 

In the final stage, the Werbata topographic map was interpreted into broad land cover types at a scale of 

1:50.000. Although the map is quite detailed, translating these into broad land cover classes was sometimes 

challenging due to ambiguity in the interpretation of the map. For example, in the north-eastern wetlands, 

the Werbata map indicated sand fields, which, based on internal discussions with vegetation experts were 

interpreted as strand vegetation. Since it is impossible to verify the land cover around 1900, some 

misinterpretations may have occurred. Nonetheless, the Werbata map remains a very valuable source of 

information that could not be overlooked. 

 

Following this, we analysed the time series for consistency across different years and made some additional 

corrections to the 1953 land cover map (Stoffers, 1956) particularly for woodland and scrub versus sparsely 

vegetated for some of the polygons. In these cases, we relied sometimes more on the aerial photographs 

from adjacent years for a correct interpretation of 1953 land cover map.  

5.3 Results 

Figures 26 to 30 present the visual interpretation of the land cover for the years 1912, 1948, 1953, 1987 and 

2020, respectively, at a scale 1:50.000.  
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Figure 26 Land cover 1900, or more precisely from around 1912, based on the Werbata maps of Aruba. 

 

 

 

Figure 27 Land Cover Aruba in 1948. 
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Figure 28 Land cover Aruba in 1956. 

 

 

 

Figure 29 Land cover Aruba in 1987. 
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Figure 30 Land cover Aruba in 2020. 

 

 

We summarised the above figures in Tables 7 and 8, to analyse the land cover trends in the period  

1900 – 2020.  

 

 

Table 7 Summary of the land cover trends for Aruba between 1900 and 2020 in hectares. 

    Area_ha 
    

LC Land Cover Class 1912 1948 1956 1987 2020 

10 Urban and built-up area 74 1124 1611 2956 8262 

20 Cultivated and semi-cultivated areas 9051 8303 9713 4494 80 

30 Bare and sparsely vegetated 4230 4910 3573 5184 3038 

32 Strand vegetation 294 184 206 186 199 

50 Scrub 3865 3004 2455 4791 6066 

60 Woodland 13 78 66 43 9 

70 Mangrove 58 160 212 174 168 

80 Wetlands and saliñas 214 181 165 197 199 
  

17798 17944 18000 18025 18022 

 

 

Table 8 Summary of the land cover trends for Aruba between 1900 and 2020 in percentages. 

    Percentages 
    

LC Land Cover Class 1912 1948 1956 1987 2020 

10 Urban and built-up area 0 6 9 16 46 

20 Cultivated and semi-cultivated areas 51 46 54 25 0 

30 Bare and sparsely vegetated 24 27 20 29 17 

32 Strand vegetation 2 1 1 1 1 

50 Scrub 22 17 14 27 34 

60 Woodland 0 0 0 0 0 

70 Mangrove 0 1 1 1 1 

80 Wetlands and saliñas 1 1 1 1 1 
  

100 100 100 100 100 
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Figures 26-30, along with Tables 7 and 8, clearly illustrate the rapid urbanisation of Aruba, particularly since 

the late 1980s. This trend over the years is summarised in Figure 31.  

 

 

 

Figure 31 Bar diagram of the steep increase of urbanisation on Aruba, especially since the late 1980s. 

 

 

It is also striking that agriculture has nearly disappeared on Aruba since the late 1980s. (Figure 32). 

 

 

 

Figure 32 Bar diagram of the steep decrease of Agriculture on Aruba, especially since the late 1980s.  
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One trend that remains somewhat ambiguous in our data analysis is the development of scrub. While the 

expansion of scrub is clearly visible in the aerial photographs since 1948, it is difficult to verify using the 

1956 land cover map (Stoffers, 1956), where the extent of scrub may have been underestimated, (see also 

Figure 33). However, it is evident that the expansion of scrub has primarily occurred at the expense of ‘bare 

and sparsely vegetated’ areas. This change is further illustrated in Figure 34, which features pictures taken 

at approximately the same locations in the 1950s and in 2022. Figures 35 and 36 clearly show the expansion 

of scrub at the expense of ‘bare and sparsely vegetated’ areas. The removal of goats could also have 

contributed to this process (personal communication Gian Nuñes, Aruba Conservation Foundation). 

 

 

 

Figure 33 Bar diagram of the scrub development on Aruba. 
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Figure 34 Pictures taken from similar places around 1950 and in 2022, showing the scrub encroachment 

on ‘bare and sparsely vegetated’ areas. 

 

 

 

Figure 35 Detail of aerial photographs 1987 and compare the scrub development with Figure 36. 
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Figure 36 Detail of aerial photographs 2020 for the same area shown in Figure 35. It can clearly be seen 

that the amount of scrub has expanded at the expense of ‘bare and sparsely vegetated’ area.  

 

5.4 Conclusions 

• Although different sources of information have been used over time, the resultant analysis of land cover 

changes is still very valuable.  

• Overall aerial photographs and similar very high-resolution satellite imagery are preferable as they can be 

interpreted in the same manner, so the assessment is not dependent on the interpretations of others. 

• The land cover change analysis shows that urban areas have expanded dramatically (more than 100 times 

since 1900) largely at the expense of cultivated land and natural areas, that now cover nearly 50% of 

Aruba. 

• Cultivated and semi-cultivated areas (read agriculture), which covered about 50% of the island in 1900, 

have almost completely disappeared. The decline started after 1956. 

• In the remaining natural areas, the amount of scrub has significantly increased, replacing bare and 

sparsely vegetated areas, likely due, in part, to the removal of goats in specific areas. 

• Historical aerial photographs are a powerful tool for analysing landscape changes in full details. 
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