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ABSTRACT: The growing concern about the vulnerability of coastal systems to a rise of global sea levels
and other climatic stresses highlights the need for comprehensive assessment of the issues involved. For as-
sessing and modelling potential impacts and vulnerability, the scientific community has at its disposal a grow-
ing range of models and data, including data from remote sensing sources and other types of digital carto-
graphic data. However, before analysis can begin, the different types of data that are available need to be
merged effectively in order to allow for consistent evaluation of coastal impacts. Within the context of the 
DINAS-COAST project, a coherent, easy-to-use global coastal database has been developed within a GIS.
The GIS database forms an integral part of the DINAS-COAST system and provides the input data for DIVA,
the publicly available modelling and assessment tool that the project will produce. DIVA comprises a data-
base and a series of integrated impact and adaptation modules. The DIVA database has been designed to in-
clude data on physical, ecological and socio-economic characteristics of the coast at various resolutions and
covers all the world’s coastline, excluding Antarctica. Given the linear nature of the coast, all the data in the
DIVA database are expressed as attributes of linear coastal segments. This gives a fundamentally different
data structure to the more common raster datasets used in global studies. 

1 INTRODUCTION

In the 21
st
 century, coastal populations and ecosys-

tems are threatened by human-induced climate 
change and sea-level rise, among other pressures 
(Bijlsma et al., 1996; McLean et al., 2001). Consis-
tent evaluation of the potential impacts and re-
sponses at national, regional and global scales is an 
essential element for the development of effective 
international climate policies (Nicholls, 2002; 
Nicholls and Mimura, 1998). For this purpose,
coastal scientists have a wide range of modeling 
tools and data at their disposal that facilitate the 
analysis and modeling of coastal processes. How-
ever, these tools and data are usually available in a 
fragmented and non-coherent form that compro-
mises the consistency and reliability of the evalua-
tions. According to Bartlett (2000), in order for any 
management of the coast to be effective, it is neces-
sary for the policies to be based on informed deci-
sion making which in turn requires ready access to 
appropriate, reliable and timely data and informa-
tion, in suitable form (Bartlett, 2000). The available 
data do not usually comply with this principle, do 
not usually exist in an easily usable form and there-

fore are not directly accessible by researchers and 
policy makers. 

Remote Sensing and Geographic Information 
Systems (GIS) can supply the data required for the 
tasks of coastal management and analysis and at the 
same time provide the environment for managing, 
processing and displaying these data. However, the 
use of remotely-sensed data and GIS is often limited 
to only a comparatively small research community 
which has access to high-specification hardware and 
specialized software. Similarly, most of the existing 
global databases on physical parameters are in a 
form that can only be exploited by remote sensing 
and GIS experts. 

Providing linkages between different data types, 
datasets and databases, in order to enable their com-
bined use, and making this information available to 
non-specialized users and policy makers can greatly 
enhance the potential of existing data and tools in 
assisting the coastal science community. Bartlett 
(2000) emphasizes the importance of organized, 
planned and coherent coastal databases as a prereq-
uisite for effective coastal management. Within this 
context, the DINAS-COAST project aims to deliver 
an integrated modelling and analysis tool for assess-

333



ing coastal vulnerability to climate change at differ-
ent temporal and spatial scales. The tool produced 
by DINAS-COAST includes a coherent and consis-
tent database of relevant physical and socio-
economic coastal parameters. The database is avail-
able in an easily accessible form, has been designed 
to include data on physical, ecological and socio-
economic characteristics of the coast at various reso-
lutions and covers the entire world’s coastline, ex-
cluding Antarctica. It should be noted that DINAS-
COAST is focused on climate policy analysis and its 
resolution is too coarse for coastal management pur-
poses.

In the following sections, the main aims of the 
DINAS-COAST project are outlined and the main 
product of the project, the DIVA tool, is described. 
Moreover, the role of the geodatabase within the 
project is discussed and the process of the compila-
tion of the GIS database is described. Also the data 
model that was employed for transferring the GIS 
data to DIVA and the methodology used for per-
forming this task are presented. Finally, the role of 
global coastal databases and the potential contribu-
tion of the DINAS-COAST database to the coastal 
research community are discussed. 

2 THE DINAS-COAST PROJECT AND THE 
DIVA TOOL 

Recognizing the importance of “a consistent evalua-
tion of coastal impacts and adaptation at national, 
regional and global scales that is required to satisfy 
current information needs for international climate 
policy” (DINAS-COAST-Project-Team, 2001) DI-
NAS-COAST aims to develop a flexible assessment 
tool called DIVA (Dynamic Interactive Vulnerabil-
ity Assessment), within which a range of mitigation 
and adaptation

1
 policies can be analyzed in terms of 

coastal vulnerability. DIVA will enable its users to 
produce quantitative data on a range of coastal 
vulnerability indicators, for user-selected climatic 
and socio-economic scenarios and adaptation 
strategies at national, regional and global scales, 
covering all coastal nations. 

One of the most important characteristics of 
DIVA is that in order to ensure widespread applica-
bility and maximum user-friendliness, it will be pro-
vided on a CD-ROM that will include the database, 
the algorithms and will have a strong graphical user 
interface. The format of DIVA will provide users, 
from various disciplines and backgrounds and with-

1 The Intergovernmental Panel on Climate Change (IPCC), 
Third Assessment Report – Climate Change 2001, defines 
mitigation and adaptation as: 

“Mitigation: An anthropogenic intervention to reduce the 
sources or enhance the sinks of greenhouse gases.”

“Adaptation: Adjustment in natural or human systems to a 
new or changing environment.”

out access to specialist software and hardware, with 
the opportunity to perform consistent and compara-
tive analyses of mitigation and adaptation policies 
for a range of emission and other scenarios. Accord-
ingly, the database will provide modelers and ana-
lysts from all disciplines with a coherent and consis-
tent source of input for their models and analyses. 

3 THE DATABASE IN DINAS-COAST 

3.1 The role of the database in DINAS-COAST 

The development of a reliable and upgradeable data-
base of relevant physical and socio-economic coastal 
parameters has been one of the principal objec-
tives/innovations of the DINAS- COAST project 
(DINAS-COAST Project Team, 2001). The DINAS-
COAST database occupies a central role within the 
project (figure 1). The centrality of the database is 
not only due to the fact that it constitutes the me-
dium for storing and processing the acquired data 
but also stems from its position in the flow of infor-
mation within the project as it actually represents the 
environment where the basic input data are modeled 
and exported into DIVA. 

Figure 1. The central role of the geodatabase within DINAS-
COAST, including feeding data to the DIVA database. 

3.2 The GIS database 

The DINAS-COAST database has been integrated 
within a GIS. The GIS database hereafter will be re-
ferred to as “geodatabase” in order to distinguish it 
from the database that is integrated within the DIVA 
database. The main reason behind the initial decision 
to integrate the database into a GIS was the explicit 
spatial nature of the data. Coastal GIS is described 
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as a “tough issue” (Bartlett, 2000 p. 12; Mueller et 
al., 2002) due to issues such as the lack of effective 
conceptual and data models of coastal objects and 
phenomena and the handling of the temporal and 
dynamic properties of coastal properties. However, 
GIS still offer significant advantages such as the 
ability to handle large databases and to integrate and 
synthesize data from a wide range of sources (e.g. 
remote sensing, cartography) and also the potential 
to convert and model data. Characteristic applica-
tions which have employed GIS as a medium for 
storing, displaying and analyzing coastal data in-
clude the Resources and Management Shoreline 
(RAMS) database (Eberhart and Dolan, 1980), the 
Coastal Information System for the Atlantic Prov-
inces of Canada (Sherin and Edwardson, 1996) and 
the Oil Spill Response Atlas (OSRA) in Australia 
(Gilbert and Baxter, 2002). 

The geodatabase contains individual data layers 
that have been collected from various sources (table 
1) and has a clear thematic structure. Due to the 
scale of the project, data collection has primarily re-
lied upon the contents of the vast archives of exist-
ing datasets. Datasets derived from remote sensing 
data have been an important data source for the DI-
NAS-COAST geodatabase as such data offer a glob-
ally coherent view of the earth, are largely unaf-
fected by national data collection practices, can be 
aggregated comparatively easily and are readily 
available (Rhind and Clark, 1988). 

Table 1. Characteristic datasets, from different sources and in 
different formats, that were included in the database. 

Dataset Format Source 

   

Gridded Population of 
the World 

Raster CIESIN 

World Elevation and 
Bathymetry 

Raster NGDC 

Geomorphic type Analogue map McGill, 1958 

Landform type Analogue map Valentin, 1952 

Tidal Range Raster IGBP-LOICZ 

Second Level Admin. 
Boundaries 

Polygon DCW, ESRI 

Besides remote sensing data constituting an im-
portant source of inputs for the geodatabase, in sev-
eral cases new data were generated based on existing 
maps and information. Therefore, the remotely-
sensed datasets have been complemented with car-
tographic data from various sources which were 
converted into digital form and incorporated in the 
database. According to Rhind and Clark (1988) the 
integration of remotely-sensed and analogue carto-
graphic data offers the most promising approach to 
globally coherent, up-to-date and scientifically valid 
databases.

The spatial-data “inheritance” of DINAS-COAST 
unavoidably presented massive variations in quality, 
timeliness and coverage as data from a variety of 
sources and scales have been integrated. Merging 
data from such a large variety of data sources has 
constituted a major challenge. All the digital datasets 
that were acquired and all the analogue ones that 
were converted to digital form were processed and 
customized to a standard format in order to over-
come the inherent variations. One of the most impor-
tant aspects of this work has been the geographical 
integration of the datasets that were collected or 
generated. Georeferencing constitutes a major prob-
lem even in large scale (i.e. small area) studies (see 
Mueller et al., 2002). In DINAS-COAST, referenc-
ing all the available datasets to a global projection 
has been one of the main problems to overcome. 
This task presented further complications when sur-
face measurements, such as lengths and areas, had to 
be estimated and included in the database. To over-
come these problems, different projections were 
used for estimating projection-dependent parameters 
and eventually all the included datasets were refer-
enced to a lat/long reference system using the 
WGS1984 datum. 

The GIS database that was compiled for the needs 
of DINAS-COAST has been finalized and is now 
stored and maintained in the form of an ArcGIS 
geodatabase. It includes information on more than 
50 physical and socio-economic parameters of the 
coast and is associated to appropriate metadata. The 
geodatabase can be easily updated as new improved 
datasets on coastal parameters are made available. 

3.3 The DIVA database 

The database that has been integrated within DIVA 
is based on a fundamentally different concept from 
that of the geodatabase. Based on the processing and 
analytical powers of GIS, the datasets that have been 
incorporated in the geodatabase were attributed to a 
new unit of reference, the coastline segment, and 
then have been exported into DIVA. This coastline 
segment that the DIVA database employs constitutes 
a data model that is conceptually different to the 
more common data models used in the geodatabase. 

The main driving concepts behind the DIVA data 
model and database are: (i) the inclusion of the com-
plete database within the DIVA tool that will be 
supplied to the end users and (ii) the attempt to ad-
dress the needs of a wider community of researchers 
and policy makers that do not have direct access to 
GIS and can therefore not utilise digital cartographic 
and remotely-sensed data. 

In the next paragraphs, the data model of the 
DIVA database is described and compared to previ-
ous attempts of modeling the coastline as a linear 
feature.
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4 REPRESENTATION OF THE COASTLINE 
AND THE DIVA DATA MODEL 

Despite its complexity, the coastline is one of the 
most widely-used data elements in coastal research 
and shoreline delineation is used, in some form, in 
almost every example of coastal or ocean resource 
mapping (Lockwood and Fowler, 2000). The dis-
similarity between the two main dimensions of the 
coastline and its complex nature are two of the prin-
cipal reasons that raise fundamental issues regarding 
its representation. The representation of the coastline 
also affects GIS which are founded on the assump-
tion that the two horizontal dimensions are essen-
tially equivalent (Goodchild, 2000). This complex 
nature of the coastline presents a challenge in deter-
mining appropriate data structures to use when con-
structing a database to store coastal information. 

4.1 Linear representation of the coastline 

As Sherin and Edwardson (1996) state, it is attrac-
tive to model the coast in one dimension. This ap-
proach has considerable appeal due to the common 
perception of the coast as a fundamentally linear en-
tity (Bartlett, 1993). Attempts to create coastal data-
bases based on this simple notion include the RAMS 
database (Eberhart and Dolan, 1980) and GIS im-
plementations using topologically structured systems 
(see Bartlett, 1993). One of the main limitations of 
this data model is that it fails to address problems of 
variable spatial resolution of coastal data. 

An alternative to this problem is suggested in the 
use of recursive methods of decomposition of space 
which involves breaking down a geometric unit into 
subunits in a hierarchical way until the desired level 
of detail has been attained. An example of the appli-
cation of this technique was the Canadian Coastal 
Information System which divided the coastline of 
Canada into smaller segments in an arbitrary fash-
ion. These segments were “as long or as short, as 
comprehensive or as detailed as required” (Fricker 
and Forbes, 1988 p. 113). Debusschere et al. (1992) 
developed a similar technique for analyzing the 
changes on the coast of Louisiana. They mapped 
shoreline attributes on a linear representation of the 
coast which could then be decomposed and stretched 
out for the assessment of changes between different 
time periods. A similar approach was employed by 
Shupeng (1988) who expressed the coastline of cer-
tain regions of China as a series of arcs, intercepted 
with “dots” representing the major coastal cities and 
ports. He argued that this model offers a necessary 
supplement to existing raster and polygon datasets. 
He also suggested that it could be extended inland, 
based on the river networks and proposed a range of 
attribute data that should be referenced to the arcs. 

The latest development in the linear representa-
tion of the coastline is a technique called dynamic 

segmentation. Dynamic segmentation measures dis-
tances from the beginning to the end of a coastal ref-
erence string (Sherin and Edwardson, 1996) and spa-
tially references coastal features based on these 
measurements. With the dynamic segmentation, line 
objects are defined according to start and end nodes, 
attribute data are linked to segments within the line 
while associated distances are stored in separate re-
lational tables. 

4.2 The DIVA database linear model 

The representation of the coastline in DINAS-
COAST is based on the concept of the linear model 
as this was described in section 4.1. Considering the 
restrictions of storage space imposed by the form in 
which the DIVA tool will be produced and dissemi-
nated, the database that would be included in the fi-
nal product had to be as lean and as well-structured 
as possible, without however compromising the 
quality of the output results. A large database would 
not only be impossible to store on a single CD-ROM 
but would also substantially decrease the perform-
ance targets set for DIVA, thus rendering the tool 
inefficient and user unfriendly. Based on these facts 
and also due to the scale and size of the project, the 
dynamic segmentation model was not considered as 
a viable option since the large number of data re-
cords that it would produce would substantially in-
crease the size of the database and become problem-
atic in terms of storage space. Instead, it was decided 
that a method for an “intelligent” decomposition of 
the coastline would be employed. In the context of 
this method, the world’s coastline would be divided 
into homogenous units in terms of impacts and vul-
nerability to sea level rise (henceforth termed coastal 
segments) The coastal segments’ boundaries are 
based on a series of physical, administrative and 
socio-economic criteria. The process of segmenting 
the coastline is described more analytically in the 
following paragraph. 

4.2.1 Segmentation of the coastline 
To be of practical use to policy makers and other ac-
tors, coastal vulnerability modeling must often take 
the form of an assessment tool, within which a range 
of mitigation and adaptation policies can be ana-
lyzed based on a simple schematic representation of 
the coast (McFadden et al., 2003). In this context, 
coastal space in the DIVA database has been struc-
tured to represent a meaningful expression of the 
variability in vulnerability. Based on this concept, 
the segmentation of the coastline was used as a 
means to provide a series of spatial reference units 
for the modeling tool of the project and to link it to 
the geodatabase and to the graphical output. 

As DINAS-COAST is focused on sea-level rise, 
the range of critical values that define vulnerability 
within the coastal zone should reflect the impact and 
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response of the coastal system to this factor. Based 
therefore on the assumption that variations in vul-
nerability within the coastal zone are controlled by 
primary variations in the human and physical coastal 
interchange several critical parameters were identi-
fied. These parameters were (i) the geomorphic 
structure of the coastal environment, (ii) the poten-
tial for wetland migration, (iii) the locations of major 
rivers and deltas, (iv) population density classes and 
(v) administrative boundaries. According to these 
parameters, the world’s coastline was segmented 
into homogeneous coastal segments on which all 
modeling and analysis in DIVA were based. The 
segmentation methodology employed in DINAS-
COAST is discussed in detail by McFadden et al.
(2003). It is noteworthy that most impact and vul-
nerability assessments employ some form of coastal 
segmentation at an early stage of analysis. Such an 
example is the first Global Vulnerability Assessment 
where segmentation was essentially based on na-
tional boundaries, producing 192 segments 
(Hoozemans et al., 1993). 

4.2.2 Advantages and disadvantages of the data 
model employed 

The representation of the coastline in DINAS-
COAST constitutes an improvement compared to 
other linear data models that have been used in the 
past for representing the coast. Firstly, the decompo-
sition of space is not performed in an arbitrary way 
but rather based on a series of scientific criteria. 
Secondly, this type of representation produces an 
organized and coherent data structure that reduces 
effectively the complexity of the reality to the mini-
mum required. Moreover, it achieves all the above in 
a way that is compatible with the specific demands 
of the product of the project, the DIVA tool. 

One of the limitations of this technique is the fact 
that the shoreline is representing the coast in a static 
way. This limitation stems from the reliance of the 
technique on a particular linear feature. However, 
this is a general problem which is common to all lin-
ear data reference models of the coast, including dy-
namic segmentation (Sherin, 2000). 

The database that has been incorporated into 
DIVA has been compiled based on the data model 
created by the process of segmentation described 
above. In the next paragraphs, the results of the 
segmentation process are presented and the method-
ology employed for populating the DIVA database is 
described.

4.3 Populating the DIVA database 

The segmentation of the world’s coastline according 
to the criteria described in paragraph 4.2.1 resulted 
in approximately 12,000 coastal segments which is 
two orders of magnitude more segments than 
Hoozemans et al. (1993). All the attribute data were 

referenced to these segments (figure 2). Since the 
original data that were stored in the geodatabase 
were in various formats (e.g. rasters, polygons, 
points) extensive GIS processing was undertaken in 
order to reference the existing data to the linear rep-
resentation model of the coast that was chosen for 
DIVA. The processing methodology varied for each 
dataset, depending on factors such as the source, the 
origin, the nature and the format of the data and the 
requirements of the DIVA model. The methodology 
used for each parameter is analytically described in 
the associated DIVA metadata files. 

Figure 2. Coastline segment and respective attribute data. 

The outcome of this process was a database 
where each coastline segment has a unique numeric 
id and is associated with its attribute data in a table. 
Attribute data are included at different spatial levels 
(e.g. country, administrative units, regions) depend-
ing on the scale and accuracy of the original data 
and on the requirements of the algorithms incorpo-
rated into DIVA. Therefore, the DIVA database is 
stored in a unified table structure, a form which has 
been found to facilitate the use of databases by mul-
tidisciplinary scientists (see also Mueller et al.,
2002). It is proposed to make the DIVA database 
publicly available via the International Geosphere 
Biosphere Program Land Ocean Interaction in the 
Coastal Zone (IGBP-LOICZ). 

5 DISCUSSION AND CONCLUSIONS 

In the framework of the DINAS-COAST project, a 
global coastal database has been compiled. This da-
tabase merges data of different types and from vari-
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ous sources to create a consistent and coherent 
source of information on coastal physical and socio-
economic parameters that covers the entire globe. A 
range of sources have been used comprising re-
motely-sensed data, ground observations and digi-
tized maps. 

5.1 The data model 

As a result of the explicit spatial nature of the data, 
the database has been compiled with the use of GIS 
which have formed the environment for storing and 
processing the acquired data. In order however for 
the data to be incorporated into DIVA, the modeling 
and analysis tool that DINAS-COAST will produce, 
a fundamentally different data model has been em-
ployed. Given the linear nature of the coast, a linear 
reference data model has been employed. According 
to this model, the coastline has been divided into a 
series of homogenous units in terms of impact and 
vulnerability to sea-level rise. These units, the 
“coastal segments”, have been derived on the basis 
of a series of physical, ecological and socio-
economic criteria. All available data have been at-
tributed to these units through extensive geo-
processing.

The result of this process is the DIVA database 
which is incorporated into the DIVA tool. This data-
base is available in an easily-accessible form and its 
use does not require specialized software and hard-
ware. This makes the information included in the 
DIVA tool accessible to a wide range of coastal sci-
entists who have been unable to utilize it in the past. 
Within this context, the data model employed by 
DIVA and the methods used for transferring the GIS 
data to this model can be viewed as a tool for mak-
ing geodata available to the broader coastal science 
community and to a wider range of disciplines. 

5.2 The global database 

The database compiled within DINAS-COAST fills 
a significant gap in coastal research. As the impor-
tance of studying processes at global scales is widely 
recognized (Mounsey and Tomlinson, 1988) global 
databases have become necessary tools when trying 
to study and model these processes. It is expected 
that the cross-disciplinary database developed in 
DINAS-COAST will satisfy, to a large extent, cur-
rent information needs and will assist coastal scien-
tists in the modeling and analysis of coastal proc-
esses at global and regional scales. The DIVA 
database has a fundamentally different structure to 
all other global datasets, which are primarily based 
on raster data models. This includes the IGBP-
LOICZ coastal typology which is raster based 
(IGBP-LOICZ, 2003, http://www.nioz.nl/loicz/). 
Due to its resolution, the information contained in 
the database is not meant to be used for analysis at 
local scales and should be evaluated considering all 

the limitations that are associated with global data-
sets. Nevertheless, the interdisciplinary nature, the 
consistency and the user-friendliness of the database 
render it a significant advance in the field of global 
coastal databases and can provide an effective basis 
for the modeling and analysis of coastal processes at 
regional and global scales. 
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