
4 GIS for Science

THE GEOGRAPHY OF ISLANDS
By Roger Sayre, Madeline Martin, Jill Cress, US Geological Survey; Nick Holmes, The Nature Conservancy; Osgur McDermott Long,  
Lauren Weatherdon, UNEP World Conservation Monitoring Center; Dena Spatz, Pacific Rim Conservation; Keith VanGraafeiland, Esri; 
and David Will, Island Conservation

Islands come in all shapes, sizes, and types, from tiny rocky outcrops to enormous continental landmasses. The true number of islands 
distributed in the planet’s seas and oceans is still elusive. Recent efforts, bolstered by an abundance of detailed satellite imagery and 
the sophistication of geographic information systems (GIS), are bringing answers to those questions closer than ever.
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The Geography of Islands 5

Tahanea is an atoll of the Tuamotu Archipelago in French Polynesia, a 
semi-autonomous state composed of 118 islands and atolls geographically 
dispersed over an expanse of more than 2,000 kilometers (1,200 miles) in 
the South Pacific Ocean. 
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6 GIS for Science

The word island is one of the more evocative words in any language. The word may bring 
to mind a tropical Caribbean paradise or suggest a remote polar mass of rock and ice. 
It may evoke a sense of place associated with home or a memory of a past visit across 
the waters. Some will think of island peoples and their cultures, while others may be 
drawn to thoughts of wonderful, rare, and sometimes endangered island animals and 
plants. When asked, “What is an island?,” a typical response might be, “A small area of 
land surrounded by the ocean, with palm trees and sand.” In reality, however, islands 
come in all shapes and sizes and types, from tiny islets no larger than rocky outcrops to 
enormous landmasses the size of the continents. 

All landmasses on Earth, no matter how big, are surrounded by oceans and are therefore 
islands. That means we are all islanders. It is not a case of islanders versus mainlanders. 
We all live on islands, whether we see or feel that reality on a daily basis. For all of us, 
then, islands are our homes, so we must know them well and take care of them.

Surprisingly, given that islands are our collective homes, we are still seeking answers to 
basic questions such as, “How many islands are there on Earth, where are they located, 
and what are they like?” Despite many attempts to map and characterize islands across 
history, we still lack a definitive characterization. The true number of islands distributed 
in the planet’s seas and oceans remains elusive. We still don’t know exactly how much of 
the Earth’s surface is made up of islands. However, thanks to the abundance of satellite 
imagery and the sophistication of geographic information systems (GIS), the answers 
to those questions are ever closer.

This chapter describes a recent partnership to map the islands of planet Earth. This 
characterization stemmed from a fruitful collaboration among government, private 
sector, academic, and nongovernmental organizations. The team used sophisticated 
geospatial analysis technologies to elaborate a new map of global islands at a 30-meter 
spatial resolution. What follows is a description of the work to merge two authoritative 
global island databases (GID) into one. This effort involved compiling island data from 

ALL L ANDS ARE ISL ANDS
multiple sources, and reconciling and making the data available in the public domain 
as a free and open access resource. There is a solid realization that the planet’s island 
systems — as the home to a great number of threatened and endangered species — have 
significant importance from a conservation perspective. High-quality and high-spatial 
resolution maps of the distributions of global islands are important for a variety of 
science applications, including analyses of species rarity and vulnerability, exotic species 
invasions, conservation priority, ecosystem value, sea level rise, and other investigations.

Australia, the fifth-largest landmass on Earth.

Matureivavao, the largest atoll within the 
Acteon Group, administratively part of 
the commune of the Gambier Islands.

Robben Island — approximately 6 kilometers off the coast of Cape Town, South 
Africa — a location best known for more than 400 years as a prison that held Nelson 
Mandela among other political prisoners. Today it is a UNESCO Cultural Heritage site.
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Early attempts at mapping global islands
GLOBAL ISL AND GEOGRAPHY IN ANTIQUIT Y

This map is the circa 1300 conic projection World Map by Ptolemy. The British Isles 
are depicted, as well as certain islands of the Mediterranean Sea, and what is likely Sri 
Lanka. This map was well respected and well used in its time. 

Islands are shown on the earliest flat-Earth maps of antiquity, on the maps from 
the golden age of seafaring and exploration in the 15th and 16th centuries, and 
on the maps of the modern era. Imaginary islands often peppered early maps, a 

This Martellus World Map of 1489 drew significantly from Ptolemy’s World Map but 
added many imaginary islands. Martellus’ map appeared in his book, Insularium 
Illustratum (Illustrated Book of Islands), which contains detailed and rich maps of 
several Mediterranean islands.

This map is an inverted 
Tabula Rogeriana flat-Earth 
depiction by Al-Idrisi, 
drawn in 1154. A technically 
competent cartographer, 
Al-Idrisi developed this 
map in what is known as 
a south-up orientation, 
possibly in an attempt 
to focus attention on the 
centrality and importance 
of Arabia. The Al-Idrisi map 
is often displayed in an 
inverted fashion, as here, to 
show the landmasses in the 
more common and familiar 
north-up orientation. While 
this map contains many 
depictions of real islands, 
recognizable by their shape, 
size, and location in spite of 
cartographic exaggerations, 
it also contains a number of 
imagined islands. 

cartographic tradition stemming from what has been called horror vacui in Latin, 
an aversion to empty spaces on maps. 
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8 GIS for Science

Over time, and with increasing maps and knowledge from the accounts of the 
explorers, cartographers refined their depictions of the islands of the world. 
Meanwhile, geography rapidly evolved as a scientific discipline, with the emergence 
of sophisticated models of Earth as an irregular spheroid and numerous projections 

for representing its features on 2D maps. By 1800, the general locations, sizes, and 
shapes of the world’s islands, the larger ones anyway, were well documented, as the 
next map shows.

This map is an astonishingly detailed world map from 1794 by Samuel Dunn, with the comprehensive (and not at all mundane) title of A General Map of the World, or Terraqueous 
Globe with All the New Discoveries and Marginal Delineations, Containing the Most Interesting Particulars in the Solar, Starry and Mundane System.
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INITIAL MODERN COMPENDIA OF GLOBAL ISL ANDS
With centuries’ worth of accumulated cartographic representations of global islands 
available and not much in the way of terra incognita remaining to be discovered, 
modern geographers have turned their attention to detailed inventory and mapping 
of islands of increasingly smaller sizes. Prior to the ubiquity of GIS as a cartographic 
and analytical tool, geographers undertook global island inventories as compilations 
of existing information into standardized lists of islands, often sorted by size. Two 
pioneers of this kind of compendium development work were Dr. Arthur Dahl of 
the United Nations Environment Programme (UNEP) and Dr. Christian Depraetere 
of the French Research Institute for Development (IRD; formerly ORSTOM). They 
collaborated frequently to produce groundbreaking work on tabular databases and 
early GIS data layers on global islands. They developed rich attribute information on 
island names, physical geography, human geography, ecology, and special features. 
During the 1980s and 1990s, these resources were considered definitive compendia, 
and the UNEP Islands Directory1 was available online in the early days of the web.  
It is still available at http://islands.unep.ch (note — the resource still exists online 
but has not been maintained since 2006).

GSHHS: The Global Self-Consistent Hierarchical High-Resolution  
Shorelines Map
In 1996, Paul Wessel and Walter Smith published the Global Self-Consistent 
Hierarchical High-Resolution Shorelines (GSHHS) database,2 a game changer in the 
continuing effort to map global islands in a standardized manner. They used a digital 
coastlines dataset called the World Vector Shorelines (WVS) resource, digitized by 
the National Geospatial Agency (NGA) from nautical navigational charts. After 
considerable editing of the WVS to clean up aberrations in the vector linework and 
fill in missing coastline segments, they applied polygon topology to the shorelines 
to create a global islands GIS database. They used GSHHS data to delineate 180,500 
islands, several orders of magnitude greater than the numbers of islands included in 

the Dahl and Depraetere inventories (~1,000 – 2,000). For many years, this database 
has been considered both the original and definitive GIS data layer of global islands, 
with a large number of users.

IBPoW: The Island Biodiversity Program of Work
In 2006, the Convention on Biological Diversity at its eighth Conference of the Parties 
announced the first Island Biodiversity Program of Work (IBPoW) and associated 
Global Islands Partnership network. Dahl and Depraetere, in collaboration with 
UNEP’s World Conservation Monitoring Center (WCMC), then developed a Global 
Island Database (GID v. 1.0) to be used as the IBPoW-endorsed reference layer. The 
GID is a merger of earlier island data produced by Dahl and Depraetere with the 
GSHHS. 

Open Street Map® islands
During this time, the Open Street Map (OSM) resource became available. OSM is 
a remarkable crowdsoucing effort to provide detailed geographic information on a 
variety of features in an open source platform in the public domain. Local users can 
use this resource to modify existing information or add new information. Although 
users are most familiar with OSM street/transportation networks features, OSM 
also provides global shorelines and islands features. The OSM shoreline data were 
derived from a piecemeal interpretation of Landsat imagery conducted over several 
years beginning in 2006. A coastline extraction algorithm was used, and global 
coverage was ultimately achieved. Accuracy of the vector, called the Prototype 
Global Shoreline (PGS) [https://wiki.openstreetmap.org/wiki/Prototype_Global_
Shoreline], is reported by OSM as variable and in need of improvement in many 
areas. The OSM user community is encouraged to improve the PGS, and guidance is 
provided for that crowdsourcing exercise.

Early knowledge about the location, shapes, and sizes of islands came from direct 
exploration and careful recording of observations while seafaring. While today’s 
maps rely on sophisticated, satellite-supported, digital locational technologies like 
GPS, earlier maps were drawn using precision-machined hand tools such as sextants, 
astrolabes, and magnetic compasses. These machines would be considered 
somewhat primitive by today’s standards, but were quite sophisticated for their 
time. Well before these simple tools saw widespread use in the Middle Ages, early 
Austronesians were navigating their seas using far simpler technologies like the 
Marshallese stick chart pictured here. These early maps captured local knowledge 
of island features and swell characteristics, and were also instrumental in the capture 
and recording of oral traditions related to seafaring.
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10 GIS for Science

The WCMC Global Island Database v. 1.0
As the creator and official steward for the GID v. 1.0, WCMC maintained and 
distributed the resource, which was composed of some 180,000 GSHHS-derived 
polygons with a minimum island size of 0.1 kilometer.2 With increasing discovery 
and application of the new geodata resource, users identified certain inaccuracies. 
These were mostly related to a sometimes poor fit of the GSHHS polygon to the 
shoreline of an island when the GSHHS polygons were displayed on top of satellite 
imagery. This type of issue is demonstrated with the data drawn over the satellite 
imagery from Gaya Island, Malaysia. 

This graphic shows the GID v. 2.0 islands from the same area as the above 
graphic (Gaya Island, Malaysia), with island shoreline polygons represented 

in red. Comparison of the two graphics reveals a striking improvement of 
coastline “capture” in GID v. 2.0 over GID v. 1.0.

The USGS/Esri Global Islands Data Layer
In 2018, the US Geological Survey (USGS), in collaboration with Esri, produced 
a new, standardized, high-spatial resolution (30-meter) map of global islands 
interpreted from 2014 Landsat imagery.3,4 The new data resource produced was in 
effect a “byproduct” of an effort to make a new global shoreline vector (GSV) for use 
in a global coastal ecosystem delineation and classification. The group did not set 
out to produce a definitive global islands map. But in applying polygon topology to 
the new GSV, the group recognized that a detailed new global islands map would 
be an outcome. 

The graphic shows the fit of the GID v. 1.0 (IBPoW) island shorelines (in yellow) 
to these islands. Importantly, these shorelines were derived from nautical 

charts, not satellite imagery. The inaccuracies in location, size, and shape of the 
GSHHS island shorelines suggested that an image-derived global islands map 

might represent a considerable improvement in accuracy.

This graphic shows the new USGS/Esri islands line work (in green) for Gaya 
Island, Malaysia, to facilitate visual comparison with the previous graphics  

depicting the WCMC GID v. 1.0 and v. 2.0 data layers.

PROGRES SIVE IMPROVEMENTS IN ACCURACY

The WCMC Global Island Database v. 2.0
Given the availability of the new OSM satellite-image-derived global islands resource, 
WCMC initiated the development of a new version of the GID, GID v. 2.0, replacing 
the polygons from the GSHHS with the new set of island polygons from the OSM 
product. This effort increased the number of islands represented from ~180,000 
to ~400,000. Many of the new islands that resulted in v. 2.0 were smaller than the  
0.1 kilometer2 minimum island size of v. 1.0. 
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The quality of the island polygon data is more easily evaluated when zoomed in to a fine spatial resolution, with the polygons displayed on top of satellite imagery. For example, in this 
graphic, the island of St. Thomas in the US Virgin Islands is shown with a green polygon outline surrounded by numerous smaller islets with red polygon outlines. A gestalt evaluation of  
the quality of the GIS data is provided from a visual inspection of the fit of the island polygon data to the shoreline of the island, as seen in the imagery.

US Virgin Islands
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12 GIS for Science

The USGS/Esri global islands data layer was developed with a minimum mapping 
unit of 3,600 meters2 (the size of four contiguous 30-by-30 meter Landsat pixels). 
The product, developed directly from semi-automated satellite-image interpretation, 
has few attributes. One important attribute is size class, with all islands identified 
as either Small Islands (< 1 km2), Big Islands (> 1 km2), or one of the five Continental 
Mainlands (North America, South America, Africa, Eurasia, and Australia). Names 
were added for all islands greater than 1 km2 by a combined automated (intersection 
of polygons with the GeoNames geographic place-names data) and manual (analyst-
based search for names using online mapping resources) approach. Full details of the 
methodology and results from the USGS/Esri global island data development effort 
are found in Sayre, et al.3,4

Basic characteristics of the USGS/Esri island polygons are found in the following 
table (reproduced from Sayre, et al.)3

The USGS/Esri Global Islands Data layer

Zoomed in, the sheer number 
of islands in the northern 
Baltic becomes clear.

At the page format size of this 
global islands map, the smallest 
islands would not be discernable.
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To enable easy visualization and query of the USGS/Esri islands data by anyone with 
internet access, the USGS and Esri developed an online tool called the Global Islands 
Explorer (home page is pictured here). 

Accessible at https://rmgsc.cr.usgs.gov/gie, this tool offers pan, zoom, and query 
functionality and allows the display of island polygons over a number of basemap 
backdrops, including satellite imagery and topographic maps. The island data are 
served as raster image services but are available for download in the tool in their 
original vector polygon format.

Three examples of islands and island chains as viewed in the browser-based Global Islands Explorer.

The global islands data have been placed into the public domain, accessible at: 
https://rmgsc.cr.usgs.gov/outgoing/ecosystems/Global/. The free availability of 
the data to anyone with a need or interest to use it is a testament to the open data 
philosophy that also resulted in the decision to make all Landsat data openly and  
freely available.

Visualizing the USGS/Esri global islands data
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MERGING THE USGS/ESRI AND WCMC GLOBAL ISL ANDS DATA SE TS
The arrival on the scene of the USGS/Esri product created an issue for seekers 
and users of global island data. First, how do two (USGS/Esri and WCMC v. 2.0) 
authoritative, spatially explicit, global islands resources available at similar spatial 
resolutions differ? And second, which one is more suitable for a particular application 
of interest? Wary of the burden this situation placed on users of global islands data, 
USGS/Esri and WCMC decided to reconcile the two resources to the extent possible 
into one. They agreed to merge the two resources to obtain an improved product 
and then place that resource squarely in the public domain for the greater good. 
This collaborative merging of resources is now complete. As is always the case when 
trying to reconcile datasets of differing origins, spatial resolutions, and intended 
uses, the merger was not perfectly straightforward and required use of sophisticated 
geospatial processing. 

The USGS/Esri global islands as the reference foundation
The first and one of the most important decisions when contemplating the merger 
of the USGS/Esri and WCMC global island datasets was which one to use as a base 
layer for providing the foundational linework for the final combined database. 
Although the optimal approach would have been to examine corresponding polygon 
pairs for all islands and then select the best one to keep in the merged dataset, the 
enormity of that task, given the number of islands on the Earth (more than 300,000), 
precluded that analysis. We therefore needed to choose one data layer from the two 
global island products as the initial source of island polygons to work from.

The team visually evaluated both resources on the basis of accuracy, consistency, 
and level of detail in the linework when zoomed in to the spatial resolution at which 
the island polygons were originally interpreted (30 meters). After much globally 
comprehensive and rigorous visual inspection of the two resources, project leaders 
determined that the USGS/Esri resource would serve as the reference foundation 
and would be subsequently enriched using the WCMC data. That decision resulted 
in part due to the emerging realization that the USGS/Esri island polygons were 
more consistent globally, and because they had been produced in a documented 
and reproducible manner. Moreover, in most comparisons, the USGS data were 
more detailed in shoreline configuration. The WCMC linework (sourced from OSM) 
varied in consistency and detail from place to place, not entirely unexpected given 
the crowdsourced contribution for some of that linework. In some areas, the OSM-
sourced linework lacked sufficient detail, with geometric shapes such as triangles 
and paralellograms representing island perimeters. For all these reasons, the USGS/
Esri island polygons became the starting point for the merged linework product.

Initial preparatory edits along the continental mainlands coastline
The first step removed polygons from the WCMC data that conflicted (intersected) 
with any coastlines of the five continental mainlands in the USGS/Esri resource. All 
the USGS/Esri polygons, including the five large continental mainland polygons, 
were mutually exclusive from a spatial perspective, with no overlap of islands and 
continental mainlands. However, of the total initial number of WCMC island polygons 
(448,036), 42,787 polygons overlapped (intersected) the USGS/Esri continental 
mainland polygons and were therefore removed from the WCMC resource. Many of 
these islands were found to be located in interior freshwater lakes.

Use of the Near command to identify matching polygons in the data layers
The next step in the merge process identifed the subset of polygons in the WCMC 
data that matched (i.e., represented the same island) the corresponding polygons in 
the USGS/Esri data layer. Given that the USGS/Esri global island data had limited 
attribution (typically just name and size), the productiion team wanted to find 
matching polygons in the WCMC data to extract useful attribute information from 
the WCMC data and transfer it to the USGS/Esri polygons. We identified matched 
polygons as a pair, one from each data source, which each corresponded to the same 
island. This determination was made using the Near command in ArcGIS®. Near 
calculates distance and additional proximity information between the input features 
and the closest feature in another layer or feature class. We used the Near command 
to find the closest polygon in the WCMC dataset to the polygons in the USGS/Esri 
dataset within a specified search distance. 

When the Near command returned a value of zero, the polygons in the two 
datasets overlapped, and an assumption was made that they matched. That 
assumption was borne out after a considerable number of initial visual 
comparisons revealed that in almost all cases the polygons were a matched 
pair. For the Near command, search radius was set to 300 meters based on the 
rationale that if a WCMC polygon was greater than 300 meters away from the 
USGS/Esri polygon, it may not represent a corresponding polygon for the same 
island. When the Near command returned a value of minus 1, it meant that no 
polygons were found in the search radius. For all matched polygons, the attribute 
information from the WCMC polygon was transferred to the USGS/Esri polygon. 

The matched polygons
In all, 201,674 USGS/Esri islands directly matched to a WCMC island because their 
polygons overlapped. The country and name attribute information of the WCMC 
data was then joined to the corresponding USGS/Esri polygon. An additional 48,317 
USGS/Esri island polygons were found to have a WCMC polygon in very close 
proximity (within the 300-meter search radius). Those nonoverlapping polygon pairs 
were also assumed to be a match, with the displacement attributed to differences 
related to projection dynamics, methodological differences, or errors in data creation. 
The Near command therefore successfully identified a total of 249,991 matched pairs 
from which WCMC attribute information could be extracted and transferred. A total 
of 90,690 USGS/Esri polygons did not have a WCMC polygon in the 300-meter search 
radius, so these polygons are assumed to be “missing” a WCMC counterpart, and 
thus lack additional attribution at this time. 

Addition of WCMC polygons that were missing in the USGS/Esri data 
At this point in the process, the merger of the two resources added considerable 
attribute information from the WCMC islands to the existing USGS/Esri 
islands — another powerful enrichment of the USGS/Esri islands data using the 
WCMC data related to island polygons in the WCMC data that did not exist in the 
USGS/Esri data. To find these WCMC islands that were “missing” in the USGS/
Esri data, we ran the Near command in reverse, this time starting with a WCMC 
polygon and searching in a 300-meter radius for the nearest USGS/Esri polygon. 
WCMC polygons that did not have a match (Near analysis returned value of -1) were 
considered islands that potentially needed to be added to the USGS/Esri dataset. A 
total of 36,197 WCMC islands polygons had no match to the USGS/Esri data.
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