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Abstract 
 
This study focuses on assessing the state of population distribution, land cover 
distribution, biodiversity hotspots and protected areas in global coastal zones. The coastal 
zone is defined as land within 100 km of the coastline. This study attempts to answer 
such questions as: how crowded are the coastal zones, what is the pattern of land cover 
distribution in these areas, how many of these areas are designated as protected areas, and 
what is the state of the biodiversity hotspots. This study uses globally consistent and 
comprehensive geo-spatial data sets based on remote sensing and other sources. The 
application of modern Geographic Information System (GIS) layering methods and 
consistent data sets has made it possible to identify and quantify selected coastal zones 
environmental issues and their interconnections. It is expected that such information 
provide a scientific basis for global coastal zones management and assist in policy 
formulations at the national and international levels. 
 
 
Résumé 
 
Cette étude porte principalement sur l’évaluation de la répartition des populations, de 
la couverture terrestre, des régions névralgiques de la biodiversité et des zones 
protégées dans les zones côtières mondiales. La zone côtière est définie comme étant 
la bande de terre qui longe le trait de côte à une distance de 100 km. La présente 
étude vise à répondre à certaines questions, notamment : Quelles sont les populations 
dans les zones côtières? Quel est le modèle de répartition de la couverture terrestre 
dans ces zones? Combien de ces zones sont désignées comme étant des zones 
protégées? Quel est l’état des régions névralgiques de la biodiversité? L’étude utilise 
des ensembles de données géospatiales mondiales uniformes et globales sur la 
télédétection et d’autres sources. L’application des méthodes modernes de marcottage 
à l’aide d’un système d’information géographique (SIG) et de données uniformes 
permet d’identifier et de quantifier les questions environnementales relatives aux 
zones côtières et leurs implications. On s’attend à ce que cette information constitue 
une base scientifique pour la gestion des zones côtières mondiales et qu’elle facilite la 
formulation de politiques au niveau national et international.  
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Introduction 
 
“Bright spots” are the concentrations of light emitted into space from cities and towns, 
and observable in nighttime satellite images of the Earth.  They are located primarily in 
coastal zones and provide a good depiction of the earth’s population distribution (1).  
Coastal zones contain diverse habitats, major settlements, and areas of significant 
resources. Coastal resources are vital to many local communities and indigenous people. 
Coastal zones have been key for transporting goods, people and ideas because sea trade is 
less costly than land – or air-based trade (2). The beauty of coastal zones makes them a 
magnet for the world’s population. People gravitate to coastal zones for living and 
working, as well as for leisure, recreational activities, and tourism. Encompassing a broad 
range of habitat types and harboring a wealth of species, coastal ecosystems store and 
cycle nutrients, filter pollutants, form inland freshwater systems, and help to protect 
shorelines from erosion and storms (3). Coastal zones are home to the oceans’ bounty (4).  
The issues and problems associated with coastal resources, environment, population, and 
their current or potential relationship to sustainable development, have continued to 
receive a high level of national and international attention (5). Headlines draw attention 
to many diverse subjects, including rising sea level, coastal erosion, changing storm 
frequency, urbanization, the losses of coastal wetland and coastal biodiversity, and 
marine pollution. However, coastal zones are under significant threats due to impact of 
climate variability and other potential global changes. The adverse effects of increasing 
population and human activities on the environment are dramatically accumulating, 
which is threatening the very foundation of sustainable development (6). Impact of 
human activities in the coastal zones has received increasing recognition as a significant 
factor in environmental protection.  The United Nations, in the Agenda 21 during the 
Earth Summit in Rio de Janeiro 1992, “sets forth rights and obligations of States and 
provides the international basis upon which to pursue the protection and sustainable 
development of the marine and coastal environment and its resources. This requires new 
approaches to marine and coastal areas management and development, at the national, 
sub-regional, regional and global levels” (7). Continued modification and destruction of 
the world's coastal zone will gravely endanger its ability to provide fish, protect homes 
and businesses, reduce pollution and erosion and sustain biodiversity (8), "Unless things 
change very quickly, the world's coastal areas face a grim future," said institute president 
Jonathan Lash (WRI release, 17 Apr). Russian geographers have developed “red data 
maps” of the entire globe to designate areas of “critical environmental situations” for 
global environmental issues (9). Environmental vulnerability in coastal zones should be 
viewed in this same way, by being recognized as a global issue, utilizing a broader 
perspective. Most studies related to coastal zones have generally dealt with “site specific 
issues” examining small areas or focusing on individual issues. Consequently, the 
extrapolation of results of such studies to large areas has been limited in scope. The 
vulnerability of coastal zones should be analyzed utilizing a more holistic perspective. A 
broader geographic perspective of the coastal environment is therefore needed to clearly 
reveal status and connections among various interacting factors. This perspective, in turn, 
could provide a foundation for studying environmental issues of global coastal zones, and 
would provide a scientific basis for coastal zone management. 
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The objectives of this study are: 1) to quantify some complex relationships between 
population and coastal zones environment, and 2) to support decision making and policy 
development using consistent and comprehensive geo-spatial data sets employing 
Geographic Information System (GIS) technology. The study assesses the 
interconnections between population dynamics, land cover distribution, large cities, 
protected areas and biodiversity hotspots in global coastal zones that are likely to be 
impacted by significant environmental changes in the future.  
In the past, the similar analyses have usually been performed by the aggregation of 
statistical data complied by administrative units a variety of sources. These data sets 
usually vary considerably in quality and geographic coverage. The simple merging of 
these individual data sets does not meet the needs of a more holistic, regional and global 
scale analysis. Some of these data sets are often old and based on different definitions and 
classifications; hence, they are not comparable and difficult to aggregate. The analysis 
presented here uses globally consistent and comprehensive geo-spatial data sets 
developed through international cooperation using remote sensing and other sources. 
Such analyses provide a scientifically credible environmental assessment covering large 
areas. 
Since global coastal zones have the world’s highest population density, developed 
economies and the most vulnerable environment, it is expected that the information 
derived from such analyses could help to identify problems in the management of coastal 
ecosystem and, more importantly, provide for timely intervention to prevent further 
degradation of the coastal environment.  
 
 
Data Sources and Methodology 
 
There are three principal differences between the present research result and those of 
earlier research results: 1) The coastal zone is defined in a consistent manner as a land 
within 100 km of the buffer from coastline, excluding coastal zones of inland lakes and 
Antarctica, 2) The most comprehensive currently available global spatial data sets 
developed through remote sensing and other source materials are used, and 3) 
Geographic Information System (GIS) tools were used for analysis, integration, and 
visualization of results. The following six data sets were used in the analysis. 
 
Data Sources 
1) Global land cover distribution data: In this study the USGS land cover database (10) 
was used as a base to update forest cover map for many part of the world for the year 
1995 using the FAO classification system (11). This land cover database was built on 
characteristics of vegetation seasonality determined in terms of weekly composite of 
Normalized Difference Vegetation Index (NDVI) derived from NOAA AVHRR sensor 
for the period 1992-1993 (http://edcdaac.usgs.gov/). In the database, unique NDVI 
signatures and associated attributes, such as terrain and eco-regions, characterize large-
area land cover patterns (12). In this study area under forests classes, namely, closed 
forests (density > 40%), open and fragment forests (density 10 –40%), and other 
woodlands were taken from the 1995 forest cover database, whereas area under 
grassland, cultivation, and water were taken from the USGS land cover database. 
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2) Global Population Database: The geographically referenced population database was 
provided by the UNEP/GRID (http://grid.cr.usgs.gov/). These data sets for 1990 were 
generated using a model incorporating many variables. The global population predicted 
statistical data were taken from the World Resources Database CD-ROM (2000, 2010, 
2025, 2050) published by the World Resources Institute (WRI).  
3) Global Protected Area Database: UNEP-World Conservation Monitoring Center 
(http://www.unep-wcmc.org/) provided the protected areas database. The definition of a 
protected area as adopted by The World Conservation Union (IUCN) is  “An area of land 
and/or sea especially dedicated to the protection and maintenance of biological diversity, 
and of natural and associated cultural resources, and managed through legal or other 
effective means” (13).  
4) Biodiversity Hotspots: The Conservation International provided the biodiversity 
hotspots database (http://www.conservation.org/). The hotspots are considered to be 
Earth’s biologically the richest and most endangered terrestrial eco-regions. The 
Conservation International have identified 25 hotspots which are listed below: Atlantic 
Forest region, Brazilian Cerrado, California Floristic Province, Cape Floristic Region 
Caribbean, Caucasus, Central Chile, Choco-Darien-Western Ecuador, Eastern Arc 
Mountains & Coastal For, Guinean Forests of West Africa, Indo-Burma, Madagascar & 
Indian Ocean Islands, Mediterranean basin, Mesoamerica, Mountains of S. Central 
China, New Caledonia, New Zealand, Pilippines, Poynesia & Micronesia, Southwest 
Australia, Succulent Karoo, Sundaland, Tropical Anded, Wallacea, Western Ghats & Sri 
Lanka (14). 
5) Political Boundaries Data: Political boundaries data was taken from the US National 
Imagery and Mapping Agency's (NIMA) Vector Map Level 0 (VMAP0) series CD-
ROM.  This data set provides, among other things, a year 1995 version of the political 
boundaries of the world at 1:1 million nominal scale. Attribute assignments were verified 
and corrected as needed for the resulting polygon coverage and subsequently these 
coverages were joined to generate an updated map. 
6) World’s cities:  The distribution of the world’s cities was taken from Environmental 
Systems Research Institute Inc (ESRI, http://www.esri.com), Data and Maps CD-ROMs.  
 
General Considerations about the Data 
The land cover and population data sets were the best available that covered the entire 
world. Local errors are known to exist in the mapped distribution of land cover type.  
The population distribution data set is generated using a spatial modally technique 
incorporating many variables.  
The protected areas database is not current for all countries. Some of the smaller 
protected areas may not have been accounted for due to the coarse resolution of data. 
Where information is not available for the exact extent of a protected area, a point has 
been inserted representing the center of the site. Polygons were made for such locations 
by using the information in textual databases and drawing a circular polygon of the 
relevant area around the point location of the site. None of these data sets have been 
rigorously validated, so local relationships and distributions should be viewed with 
caution.  
Availability of high-quality, current global data remains a stubborn barrier in such 
analyses, highlighting the need to support development and updating of such databases. 
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Methodology 
Data was processed using several Remote Sensing and GIS software systems (15). Most 
of the work was done in the GRID module of ARC/INFO. Raster and vector data layers 
were in an Interrupted Goode Homolosine Projection, which is an equal area projection. 
All raster data sets had a cell size of 1000 meters (1 km). 
The data layers were analyzed individually or combined with other data layers in order to 
see possible interrelations or possible spatial relationships among them. For example, 
“buffer layer”, “population density layer” and “political boundaries layer” were digitally 
overlaid in order to assess the population pressure on the coastal zone by countries.  
1) Population distribution: A buffer of 100 km around continental boundaries (excluding 
Antarctica and inland lakes) defined the coastal zone. The buffer zone combined with the 
population grid data. The number of people was counted for the coastal and inland areas. 
The resulting data were exported as a spreadsheet and combined in one graph showing 
the population of the coastal zones and inland areas. 
2) Population density in the coastal zone: The following classification was used for 
population density: 
 Low population density: < 25 people km-2 
 Medium population density: 25-100 people km-2 
 High population density: > 100 people km-2    

3) Land cover distribution in coastal zones: The land cover distribution in coastal zones 
by country was estimated by combining the political boundary grid, the 100 km buffer 
zone grid and the land cover distribution grid. 
4) Protection Status of coastal zones: The protection status of coastal zone was estimated 
by combining the protected area grid with the 100 km buffer zone and political boundary 
grids.   
5) Biodiversity hotspots in coastal zones:  The presence of biodiversity hotspots in 
coastal zones was estimated by combining the hotspots grid with the 100 km buffer zone 
and political boundary grids. 
6) Projection of Population in coastal zones: Preliminary projection numbers of 
population and population pressure in the coastal zone are given separately for 2000, 
2010, 2025 and 2050.  The percentage of population in the coastal zone by country in 
1990 was multiplied by the projected total population in order to predict the population in 
the coastal zone for 2000, 2010, 2025 and 2050. A linier population growth rate is 
projected for every country’s coastal zone. 
7) Distribution of the world’s cities in the coastal zone:  A grid of cities with more than 
100 000 people was combined with the buffer layer in order to get the number of cities 
that are located in 100 km the coastal zones.  
 
How crowded are global coastal zones? 
 
It has been long understood that a considerable portion of coastal zones, suitable for 
human habitation, are among the most crowded and developed regions in the world. 
Throughout much of the world, coasts are over-developed, over-crowded and over-
exploited (16).  Global population has increased from 2.5 thousand million to 6.1 
thousand million in the last 50 years (17, 18). In many parts of the world coastal zones 
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are considered as the fastest population growth areas (6). Global climate changes may 
compound other pressures on the coastal zones through the additional effects of warmer 
ocean temperatures, altered ocean circulation patterns changing storm frequency, and 
rising sea levels (19). Rising sea level, associate with climate change, is likely to affect 
virtually all of the world’s coasts. During the past century, sea level has risen at a rate of 
1.0-2.5 mm per year (20). The Intergovernmental Panel on Climate Change (IPCC) has 
projected that global sea level will rise 15-95 cm by the 2100, due principally to thermal 
expansion of the ocean and melting of small mountain glaciers (20). 
 
Table 1 Population studies in coastal zone by different sources 
Title of the source Author or  

Organization 
Year Population  

estimated 
Scope of  
Coastal Area 

Method of the
study used 

Agenda 21 United Nations 1992 More than half, and 
this could rise to 
three quarters by 
 the year 2020 

60 km Not clear 

Coasts in Crisis Don Hinrichsen 1995 54 % of  
Americans  

772 coastal counties Statistic Data

Protecting the  
Ocean 

United Nations 
Association  
in Canada 

1991 Seven out  
of ten  

80 km  Not Clear 

Population and  
Development in  
Coastal Area 

NOAA 1998 133 million  673 coastal  counties 
along Atlantic and  
Pacific Ocean, Gulf  
of Mexico, and Great 
Lakes 

Statistic Data

Population and  
Environment  
Linkages: Ocean 

Committee for 
the National  
Institute for the 
Environment 

1998 60% population 60 km (37 miles) Not Clear 

Human Domination 
of Earth's  
Ecosystem 

P.M. Vitousek, H.A. 
Mooney, J. Lubchenco,
J.M. Melillo  

1997 60 % population 100 km Not Clear 

The Regional Impacts  
of Climate Change:  
An Assessment of 
Vulnerablity 

Watson, Zinyowera,  
Moss and Dokken 

1997 Half of the 
population  

Not Clear Not Clear 
  
 
 

People and  
Ecosystems 

World Resources  
Institute 

2000 40% world’s 
population  

100 km GIS/No details

Coastal: The potential
of climate variability  
and changes 

NOAA 2000 53% of total U.S 
population 

17% of land in the 
coastal zone 

Not Clear 
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Figure 1 Population density in the global coastal zone 
 
Future environmental change is likely to affect the global coastal zone more than other 
inhabited regions in the world.  This narrow fringe, comprising less than one-fifth of the 
global land area, accounts for about 40% of the world's population. In many nation’s 
coastal areas are under increasing pressure from population growth and related 
development. The basic question is how many people live in the coastal zones and what 
is their distribution?  Scientists have done many reports worldwide (see table 1). United 
Nations in1992 estimated more than half the world’s population lives within 60 km of 
shoreline, and this could rise to three quarters by the year 2020 (7). Don Hinrichsen in 
1995 estimated about 54% of Americans lived in 772 coastal counties (16); United 
Nations Association in Canada in 1991 calculated seven out of ten people in the world 
live within 80 km of a coast and almost half of the world’s cities with populations of over 
one million people are sited around the tide-washed river mouths known as estuaries (4); 
Vitousek P. M. and et al. in 1997 refer to 60% of Americans living within 100 km of 
coastal zones (21); World’s Resources Institute in 2000 estimated 40% of the world’s 
population lives in coastal zones (22): Recently, NOAA in 2000 re-estimated from 1998 
that 53% of Americans live on 17% of the land area (23). Moreover, the Committee for 
the National Institute for the Environment in 1998 (24), NOAA in 1998 (25), and Watson 
R. T. and et al in 1997 (26) has attempted to provide an estimating human populations 
living in coastal zones.  Despite these compilations, disparities in the relative study 
methods and study perspectives still remain. There is no primary reliable estimate of how 
many people live in the global coastal zones using consistent data sources and 
methodology. Hence, a reliable estimation of population distribution in coastal zone is 
needed to reduce uncertainly among various estimations. 
Based on this analysis we estimate that coastal zones which extend from the coastline to 
100 km inland, occupy approximately 19.2% of the land area in the world. The 
comparison of population density in coastal and total land is given in the table 2. 
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 Population density is higher in coastal zones than inland, there are on average 87 
people/km-2 in coastal zones in comparison to 23 people/km-2 inland in 2000.  In regards 
to population distribution in coastal zones, 63.7% of the area has a low or non-existent 
population density, 19.2% has medium population density, and the remaining 17.1% is 
under high population pressure (Figure 1). The highest population pressures exist in 
coastal zones in Europe and Asia as 31% of the area has high population density.  

 
Table 2 Comparison of population density in coastal zone and total land area1 

% of Low PD2 % of Medium PD % of High PD  
Continent Coast Total Coast Total Coast Total 

Africa 65.85 83.88 23.31 11.97 10.84 4.15
Australia and Pacific 73.80 88.81 13.19 6.14 13.02 5.05
Europe and Asia 46.77 64.21 22.34 18.18 30.89 17.60
North America 82.47 87.11 10.74 8.90 6.79 3.99
South America 59.34 83.24 32.54 13.67 8.12 3.09
World 63.67 76.97 19.22 13.65 17.12 9.38
1. 1990 Data;  2. Population Density, Low PD:  <25 people km-2, Medium PD: 25-100 people km-2, High PD: >100 people km-2. 
 
About 2 thousand million people or 38% of the world’s total population, live within this 
narrow fringe of the world. However, more than 60% of the coastal zones in the world 
are covered by snow, ice, desert, closed forests and wetland, and are not suitable for 
permanent habitation without extensive modification. Consequently, most of the 2 
thousand million coastal inhabitants live in less than 40% of the world's coastal zones, 
thus creating a high population density in those regions. In the larger context, about 38% 
of the world's population lives on 7.6% of the total land area on earth.   
 
Table 3 Population distribution and pressure in top 10 countries1   

Population 
(million  people) 

Land Area 
(thousand km2) 

% of Population 
pressure 

 
Country 

Total % in CZ3 Total % in CZ Low Medium High 

PD2 of Coast
Zone 

(People km-2)

China 1156.39 25.02 9402.35 6.06 1.20 6.19 92.61 507
India 850.79 27.53 3154.40 16.71 4.66 9.75 85.59 444
Indonesia 182.81 93.27 1887.48 69.06 52.41 26.74 20.84 131
Japan 123.54 96.08 367.23 94.02 4.71 24.25 71.03 344
United States  254.11 39.19 9406.27 16.99 71.63 15.65 12.72 62
Bangladesh 109.77 76.61 135.64 67.01 3.29 8.13 88.58 925
Philippines 60.78 100.00 288.75 94.12 5.89 26.68 67.43 224
Vietnam 66.69 89.86 326.17 57.37 16.18 25.78 58.04 320
United Kingdom 57.56 94.26 237.38 96.06 17.16 25.56 57.27 238
Brazil 148.00 34.31 8500.63 9.16 47.04 40.12 12.85 65
World 5368.22 37.97 134 388.57 19.18 63.67 19.22 17.12 79
1. Selected by the total population of coastal zones; 2. Population density; 3. Coastal Zone. 
 
We selected and analyzed the top 10 countries by total population in coastal zones (Table 
3).  In China, India, Japan, Bangladesh, Philippines, Vietnam and United Kingdom over 
50% of the land with high population densities were in the coastal zone. China, 
Bangladesh and India have very high population concentrations in the coastal zones, with 
93%, 89% and 86% respectively. Population pressure in coastal areas of Canada, 
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Australia, and Russia are very low because most coastal zones in these countries are 
located in polar or desert regions that are unsuitable for human habitation, or the total 
population is low to begin with. Australia was a special case, with 84% of the population 
living in the coastal zone that occupies roughly 20% of the total land area, and still 
population pressure is relatively low. 
In some island countries such as Japan, the United Kingdom and the Philippines, coastal 
zones with 100 km occupy most of the land area, and they harbor most of the population. 
More than 260 cities with populations over 100 000 are located in the coastal zones 
around the world. This is 50% of all cities over 100 000 people. Eight of the top ten most 
populous cities in the world are located in the coastal zones (Table 4). Among the ten 
most populous cities in the coastal zone, are five in Asia, three in South America, one in 
North America and one in Europe. 
 
Table 4 The 10 most populous cities in coastal zone of the world  (people, million) 

City Population Country Continent World Rank 
Tokyo 23.62 Japan Asia 1
New York 16.47 US North America 2
Seoul 15.85 Korea Rep Asia 3
Sao Paulo 15.18 Brazil South America 4
Osaka 15.04 Japan Asia 5
Calcutta 11.10 India Asia 8
London 11.10 UK Europe 9
Buenos Aires 10.75 Argentina South America 10
Rio de Janeiro 10.15 Brazil South America 11
Bombay 9.95 India Asia 12
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2  Population density trend in the coastal zone, by continent. People km-2 
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Average population density in the coastal zone was 77 people km-2 in 1990 and 87 people 
km-2 in 2000 (Figure 2). We then projected population density for the future using current 
data assuming similar population growth rate as the rest of the areas.  In 2010, 2025 and 
2050, population density will increase to 99 people km-2, 115 people km-2 and 134 people 
km-2 respectively, population density in coastal zones will be much higher than in inland 
areas which is expected to be 38 people km-2 in 2010, 44 people km-2 in 2025 and 52 
people km-2 in 2050. Coastal zones are “bright spots” for current and future population 
distribution and growth in the world. 
 
What is distribution and pattern of land cover in coastal zones?  
 
In general, land cover resources everywhere are threatened by uncontrolled degradation 
and conversion to alternative land uses, including agricultural expansion and 
urbanization. The impacts of loss and degradation can be seen through the depletion of 
biodiversity, soil erosion, wetland disappearance in coastal zones, and options for 
development.  
The coastal zones diverse and productive habitats are important for human settlement, 
development, and local subsistence. Coastal resources are vital for many local 
communities and indigenous people. Despite efforts at varying levels, current approaches 
to the management of coastal resources have not always proved capable of achieving 
sustainable development while coastal resources and environment are being rapidly 
degraded and eroded (6). The coastal States should conduct regular assessments of the 
state of their environment in the coastal zones and marine areas (27). Rapidly growing, 
developing countries usually base their economic success on the export of labor-intensive 
manufactured products. Large export activities require access to coastal zones. Almost all 
countries with economic success in the export of labor-intensive products have 
populations almost completely within 100 km of coast (28). Coastal regions and those 
near navigable waterways are indeed far richer and more densely settled than interior 
regions, just as Scottish economist Smith, A. (The Wealth of Nations, 1776) predicted. A 
map of global distribution of economic output indicated by GNP density – the product of 
population density and gross national product per capita shows that output is concentrated 
along the seacoasts and sea-navigable waterways of the world’s temperate zones (2).  
Thus the coastal zone are destined to be developed so it is imperative that the 
development to be sustainable. In order to develop a suitable strategy for sustainable 
development of coastal zones, it is vital to assess the distribution and pattern of land 
cover and, its protected status.  
This is the most comprehensive estimation of the distribution and pattern of land cover in 
the global coastal zone using recent satellite data. 
Coastal zones are estimated to occupy about 19.2% of land area of the world (Figure 3).  
Land cover distribution in coastal zones derived from remote sensing data, has the 
following distribution: 21.8% closed forest (density >40%), 12.1% open or fragmented 
forests (Density 10-40%), 7.8% other wooded land, 37.2% barren, snow and ice, 4.3% 
grassland, 14.8% cultivation and 1.9% water.  
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Figure 3 Land cover distribution in global coastal zones 
 
In Figure 3, Coastal zone land cover patterns are apparent.  Several broad areas of forested 
land cover can be seen in the North America, Northwest Europe, tropical South America, 
eastern Asia, eastern Australia, and tropical western Africa.  Barren/Ice/and Snow cover 
exists in the coastal zones of the Arctic region, western Australia, the Middle East, and 
the west coast of Saharan Africa.  Cultivated land is primarily located in coastal zones of 
temperate and sub-tropical climate regions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 The percentage distribution of land cover in the coastal zones, by continent 
 
Area under closed forests cover was estimated at 10.5%, 32.3%, 20.5, 23.7% and 20.9% 
in Africa, Australia and Pacific, Europe and Asia, North America and South America, 
respectively; North America and Africa have the greatest percent of area under barren, 
snow and ice, 54.6% and 44.8%; Europe and Asia have the highest percent under 
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cultivation and water, 23% and 2.47%; Australia and Pacific has more areas under 
grassland with 10.3% (Figure 4). 
We selected top 10 countries of the world by coastal zone areas (Table 5). Canada has the 
greatest area of coastal zones in the world, which is an estimated 2.7% of the total global 
coastal zones. Closed forests in coastal zones cover 45.13% of the coastal area in 
Indonesia and 34.4 % in Mexico. China and India have most cultivated land in coastal 
zones, 55.16% and 47.52% respectively. Chile has the most barren cover in coastal zones, 
50.42% respectively; Canada and Russia with large areas in polar regions have the most 
snow and ice cover in coastal zones 67.2 % and 56.8% respectively.  
 
Table 5 Global coastal zones land cover distribution in top 10 countries1      percentage               

 
Country 

 Total 
Land 
Area  

 
Closed 
Forests 

Open and 
Fragmented 

Forests 

 
Other 

woodland

Barren, 
Snow 

and Ice

 
Grassland

 
Cultivation

 
Water 

Designated 
Protected 

Area 

Area under 
Biodiversity 

Hotspots 
Canada 34.83 19.05 5.58 4.67 67.17 0.02 0.60 2.91 10.89 0
Russia 16.43 19.78 11.65 4.00 56.82 2.21 1.92 3.64 6.57 0.39
United States  16.99 30.99 9.54 7.42 32.47 4.37 13.04 2.18 26.07 1.82
Australia 20.39 16.02 11.92 17.65 28.33 14.16 11.39 0.53 8.40 2.23
Indonesia 68.81 45.13 17.28 0.03 15.40 2.62 18.35 1.19 14.23 53.87
Brazil 9.12 22.16 20.54 24.65 7.61 3.56 19.65 1.83 3.83 4.60
Mexico 37.69 34.40 13.17 3.05 32.74 4.07 11.90 0.67 5.57 23.82
China 6.03 19.44 14.56 2.93 4.38 1.19 55.16 2.34 2.20 0.86
India 16.70 10.97 13.20 10.24 16.60 0.05 47.52 1.42 7.36 3.81
Chile 64.81 13.03 10.21 6.90 50.42 10.27 6.91 2.26 16.36 30.08
World 19.28 21.86 12.14 7.79 37.24 4.28 14.81 1.88 10.45 24.75

1. Selected by coastal zone area. 

 
What is status of designated protected areas and biodiversity hotspots in 
the global coastal zones? 
 
Biodiversity, the variety and variability among living organisms and the environment in 
which they occur, is important to maintain life-sustaining systems of the biosphere (29). 
Many human activities are reducing biodiversity. The total number of species that inhabit 
the planet is unknown and it is feared that the extinction of many will occur even before 
they have been named and described. It is estimated that 85-90% of all species can be 
saved by identifying and protecting areas of high biodiversity before they are further 
degraded, without having to actually inventory species individually (26). Realistically, 
only a relatively small portion of total coastal zone areas are likely to be devoted to 
biodiversity conservation; hence, it is important to identify areas rich in species diversity 
and endemism for priority-setting purposes. In the past, areas have been set aside as 
protected, often without regard to the biodiversity within their boundaries, As a result, 
many designated protected areas have little significance in terms of biodiversity, and, 
conversely, many areas of habitat with significant biodiversity lack protection. 
The next 10 years could be called the “last chance decade.” (30). These could be some of 
the most dangerous years ever for the Earth’s species and ecosystems. Yet this is also a 
time in which we will still have a chance to make a difference. We are already down to a 
relative handful of fragile places where biodiversity is still robust. These biodiversity 
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“hotspots” are remote, they are spectacular – and, without expectation, they are in danger 
of being destroyed. To protect the diversity of life on the Earth, we need to protect these 
invaluable hotspots (30). Many areas in global coastal zones have very rich biodiversity. 
Mangroves and coral reefs are representative of the types of threatened species in the 
global coastal zone. Mangroves line approximately 8% of the world’s coastline (31) and 
about one-quarter of tropical coastlines, covering a surface area of approximately 181 
000 km2. Some 112 countries and territories have mangroves within their borders (32), 
but it is estimated that half of the world’s mangrove forests have been destroyed (33). 
Worldwide, an estimated 255 500 km2 of shallow coral reefs exist, with more than 90% 
in the Indo-Pacific region (34). Currently, on a global basis, coral reef degradation is a 
more serious problem than outright loss of coral through land reclamation and coral 
mining. Nonetheless, coral reefs areas have also been significantly reduced in some parts 
of the world (35). 
In order to address the issue, this study was designed to assess and analyze the status of 
protected areas and biodiversity hotspots on global coastal zones to answer the question: 
Are areas in coastal zones with significant biodiversity adequately protected? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 5 Percentage of protected areas in coastal zones, by continent. Green:  percentage 

of designated protected areas in the coastal zone to the total area under coastal zone. 

Yellow:  percentage of designated protected area in the coastal zone to the area 

designated as protected for the continent. 

Designated protected areas in the global coastal zone occupy roughly 10.45% of the 
coastal zones (Figure 5). About 12.7% closed forests, 7.9% open and fragmented forests, 
8.2 % other woodland, 10% barren, snow and ice, 8.6% grassland, 2.1% cultivation and 
10% water has been designated as protected areas in global coastal zones. Forests, 
especially tropical forests are biologically the most diverse and home to thousands of 
endemic specie. 
 

0.00 10.00 20.00 30.00 40.00 50.00 60.00

Africa

Australia and Pacific

Europe and Asia

North America

South America

World



15 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 Percentage distribution of area of biodiversity hotspots in coastal zones, by 
continent. Dark green: Percentage of area of hotspots in coastal zones to total area under 
continental hotspots. Yellow: Percentage of hotspots designated as protected to total area 
of the coastal zones area. Green: Percentage of protected hotspots in coastal zones. 
 
Worldwide about 40.7 % of the area under biodiversity hotspots is concentrated in the 
coastal zones. The continent is as follows:  48.05% of these in Africa, 74.48% in 
Australia and Pacific, 35.86% in Europe and Asia, 68.73% in North America and 17.07% 
in South America (Figure 6). As a percentage of all protected areas in each continent, 
designated protection status of hotspots ranks 12.4% in North America, 10.9 % in 
Australia and pacific, 7.51% in Europe and Asia, 6.7% in South America, 2.3% in Africa.  
In Figure 7, the percentage of each hotspot that lies within the coastal zone and its 
protection status is apparent.  Of the 25 total hotspots around the world, 23 of them are at 
least partially within the global coastal zone, except the Brazilian Cerrado and the 
Mountains of South Central China. There are 9 hotspots that have at least 90% of their 
area in the global coastal zone, while only 3 of them have below 30%. Coastal zones are 
“bright spots” in terms of the total global population, while at the same time being 
“hotspots" for biodiversity.   
The lack of designated protected areas within the global coastal zones is alarming. On 
average, only 8.5 % of hotspots in global coastal zones are designated as protected areas. 
Out of the 23 total hotspots in the global coastal zone, 21 of them are protected at a level 
of 13.38% or less.  The hotspots of Polynesia and Micronesia have absolutely no part of 
under designated protected status. The hotspot with the largest area under protection is 
the Tropical Andes with 32% of its area being protected. The critical issue is to establish 
immediate protection status in areas which remain unprotected (Figure 7). 
 
 
 
 
 

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

Africa

Australia and Pacific

Europe and Asia

North America

South America

World



16 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 Percentage of each hotspots and its protection status that lies within the coastal 
zones. Yellow:  Percent of area of each hotspot within the coastal zone.  Red:  Percent of 
area of total hotspots that is protected within the coastal zone to total area of the coastal 
zones. 
Of 23 hotspots in coastal zones, 14 of them are at least partially distributed within borders 
of 81 countries (Table 6). The Caribbbean and Mediterranean basin hotspots exist within 
20 countries and 13 countries respectively. Other transboundary hotspots exist from 2 to 
9 countries. 
 
Table 6 Percentage distribution of areas of transboundary hotspots in global coastal zones 

Biodiversity Hotspots `Countries (%) 
Atlantic Forest Brazil (99.99), Uruguay (0.01) 
California Floristic Province Mexico (15.8), United States (84.2) 
Caribbean Bahamas, The (3.07), Cuba (43.48), Dominican Republic 

(19.38), Haiti (10.71), Jamaica (4.39), Puerto Rico (3.55), 
United States (12.28), others (2.11) 

Central Chile Argentina (2.94), (Chile 97.06) 
Choco-Darien-Western Ecuator Colombia (38.29), Ecuador (33.27), Panama (13.67), 

Peru (14.77) 
Eastern Arc Mountains & Coastal For Kenya (8.61), Tanzania (91.39) 
Guinean Forests of West Africa Benin (1.94), Cameroon (8.54), Cote d'Ivoire (Ivory 

Coast) (17.16), Ghana (14.77), Guinea (3.50), Liberia 
(15.97), Nigeria (24.92), Sierra Leone (10.77), Togo 
(2.43) 

Indo-Burma Bangladesh (2.67), Cambodia (6.33), China (11.55), 
India (1.70), Laos (4.06), Myanmar (Burma) (27.53), 
Thailand (19.15), Vietnam (26.74), Malaysia (0.27) 
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Mediterranean Basin Algeria (4.82), Cyprus (2.30), France (3.72), Greece 
(11.54), Israel (2.29), Italy (13.82), Lebanon (2.61), Libya 
(4.00), Morocco (10.82), Spain (16.88), Turkey (26.26), 
Syria (0.91), United Kingdom (0.02) 

Mesoamerica Belize (2.81), Costa Rica (6.49), El Salvador (2.59), 
Guatemala (6.09), Honduras (9.61), Mexico (56.47), 
Nicaragua (10.24), Panama (5.71) 

Succulent Karoo Namibia (21.27%), South Africa (78.73%) 
Sundaland Indonesia (73.16%), Malaysia (25.09%), Thailand 

(1.18%), Brunei (0.58) 
Tropical Andes Chile (4.08%), Colombia (22.97%), Ecuador (17.89%), 

Peru (24.49%), Venezuela (30.56%) 
Western Ghats & Sri Lanka India (62.44%), Sri Lanka (37.56%) 

 
 
Discussion and conclusion 
 
The causes and consequences of human-induced environmental change are not evenly 
distributed over the earth. They converge in certain regions and places where their 
impacts may threaten the long-term or even the short-term sustainability of human-
environmental relationships (36). Geographic analyses of relationships between 
population distribution and growth, distribution of land cover types, protected areas, and 
biodiversity hotspots in global coastal zones revealed that: 
Coastal zones have higher population pressure compared to inland areas in the world. 
Areas of population with a density > 25 people km-2 occupy approximately 40% of the 
total global coastal zone.  This is a remarkably high density, especially considering that 
approximately 60% of the coastal zone is totally unsuitable for human habitation due to 
conditions like snow, ice, wetland, and barren land. In other words, the entire portion of 
the global coastal zone, which is suitable for human living, suffers from high population 
pressure. This high population growth can severely degrade natural resources and affect 
the environmental sustainability of the region.  Current estimates, using the latest 
demographic data on population growth and distribution, indicate with certainty that 
populations are increasing in coastal zones around the world, especially in Asia, Latin 
America, and Africa.  In many areas of developing countries, growth rates are falling 
steadily (except in sub-Saharan Africa). But in terms of coastal demographics, the 
numbers show a consistent pattern of growth over the last 30 years (16), and the coastal 
population is expected to double within the next 30 years (24). Some studies and data (7, 
37) show that the greatest increases of population in most regions have been registered in 
urban areas in coastal zones. This study predicts that based on current trends, there will 
be a steady rise in population number and density in coastal zones over the next 50 years.  
In most cases, these increases are due to in-migration from the countryside, not natural 
population growth.  Hence policy-makers and government officials should concentrate 
their efforts towards mitigating the migration towards coastal areas. 
High population growth in and around natural forests, wetlands, and coral reefs, all of 
which have high biodiversity, is a threatening warning to coastal ecosystems. These 
coastal ecosystems are vital for the survival of local populations. Most coastal 
ecosystems are likely to be irreparably damaged if a conventional development path, 
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characterized by the over-exploitation of natural resources for economic growth, is 
followed. 
Most of the largest cities, which are eight of the top ten most populous cities in the world, 
are located in the coastal zones. Rapid urbanization processes have been contributing to a 
series of coastal environmental issues, such as land degradation, freshwater shortage, 
biodiversity loss, and pollution.  
The location of a majority of the world’s largest cities and high population density areas 
in coastal zones make them increasingly vulnerable due to environmental changes such as 
sea level rise, natural hazards such as cyclones, flood and tsunamis. Appropriate policy 
measures are urgently needed to avoid future catastrophes. 
Only 10.45% of coastal zones are designated as protected areas. The most valuable 
mangrove forests, wetlands, and coral reefs within the biodiversity-rich coastal zones 
lack adequate protection status. Accordingly, practical action programs that establish a 
network of protected areas should be given a high priority.  
Protected status must also be accompanied by effective enforcement measures over the 
long term to ensure protection of endemic and endangered species. Additional resources 
need to be made available to understand relevant socio-economic factors associated with 
protection of biodiversity. Local stakeholders should be given economic incentives and a 
role in the conservation of biodiversity. A shift in national and international policy and 
planning processes, based on targeting biodiversity-rich areas, is needed to more 
effectively protect biodiversity. Geographic targeting and programmatic focus are both 
needed to conserve eco-regions rich in biodiversity, and to address the socio-economic 
causes of encroachment and subsequent loss of biodiversity.  
Conservation International identified 23 out of 25 biodiversity hotspots to be located 
within the coastal zones. Only 8.5% of hotspots in the coastal zones has been granted 
protected status, and most of these transcend political borders. The conservation and 
management of these biologically diverse hotspots deserves greater attention. These 
diverse hotspots are located on multiple boundaries and administered under different and 
potentially conflicting policies. Only national authorities can take action for the 
preservation of hotspots under their jurisdiction, but trans-boundary conservation requires 
cooperation from different nations, regions, and even international organizations. In the 
interest of developing an effective collaborative management system for the hotspots 
with multi-national jurisdiction, it is imperative that the contradictions in approach and 
conflicts of interest be harmonized. Without negotiation, joint management, and 
enforcement strategies, such a harmony will be difficult to attain. The absence of joint 
management mechanisms may also become a hurdle in enforcing international 
conventions. 
There are considerable differences in statistics between this study and others done in the 
past in reference to data on population density, land cover distribution, protected areas, 
and biologically diverse hotspots. These differences highlight the need to provide more 
resources for improving the environmental information infrastructure. Such initiatives are 
necessary to generate and maintain accurate and up-to-date environmental data for 
planning policy formulation. 
Regular assessment of environmental issues in coastal zones using remote sensing, 
environmental database management plus integration, analysis, and visualization of data 
sets using GIS are needed. The availability of scientifically produced data sets can help to 
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facilitate informed decision making and measuring performance towards sustainable 
development. 
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