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Abstract

Coastal ecosystems are increasingly threatened by short-sighted management policies that focus on human
activities rather than the systems that sustain them. The early assessment of the impacts of human activities on the
quality of the environment in coastal areas is important for decision-making, particularly in cases of
environment�development conflicts, such as environmental degradation and saturation in tourist areas. In the
present study, a methodology was developed for the multi-dimensional evaluation and ranking of coastal areas using
a set of criteria and based on the combination of multiple criteria choice methods and Geographical Information

Ž .Systems GIS . The northeastern part of the island of Rhodes in the Aegean Sea, Greece was the case study area. A
distinction in sub-areas was performed and they were ranked according to socio-economic and environmental
parameters. The robustness of the proposed methodology was assessed using different configurations of the initial
criteria and reapplication of the process. The advantages and disadvantages, as well as the usefulness of this
methodology for comparing the status of coastal areas and evaluating their potential for further development based
on various criteria, is further discussed. � 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The coastal zone contains diverse and unique
resources as well as ecosystems that are impor-
tant for biological and economic productivity,
functioning also as an ecotone, a transition pro-

Žtective area between the land and the sea Clark,
.1983 . Approximately 60% of the world’s popula-

tion lives within 60 km of the coast and this
number is increasing rapidly due to the advan-
tages it offers for a variety of human activities

Žsuch as tourism, transport and fishing Sorensen
.and McCreary, 1990 . However, the coexistence

of coastal ecosystems and human activities along
the coastline inevitably results in competition for
resources and environmental degradation with a
negative impact on the economic and social value

Ž .of the coast Camhis and Coccossis, 1982 .
Tourism is a major industry worldwide and is
expected to be the largest single economic activity
in the 21st century. A large number of tourists
are oriented to coastal areas seeking sun and sea,

Žparticularly in the Mediterranean Lanquar,
.1995 , affecting the use of coastal resources and

Žecosystems directly and indirectly e.g. loss of
wetlands and dunes due to tourist development,

.coastal erosion, etc. . In that context, the waste
generated from tourism is a major source of envi-
ronmental pollution in many coastal communities
Ž .Madan and Rawat, 2000 . The interesting case
with pollution and tourism is the existence of
strong feedback mechanisms affecting eventually
tourism itself as an activity, since environmental
quality is an important prerequisite for tourism

Ž .attraction Coccossis, 1996 . Considering the ma-
rine coastal environment in particular, one of the
related major environmental problems is eutro-

Žphication resulting from nutrient nitrogen and
. Žphosphorus inflow into the sea Tivy and O’Hare,

.1981; Gray, 1992 due to domestic sewage, as well
as industrial or agricultural activities. The impact
of agriculture activities on the coastal zone can
occur both locally and remotely and can be ex-
tremely significant; agriculture is considered as
the source of non-point source pollution and of
the supply of nutrients to the sea coastal zone
Ž .Capobianco, 1999 .

The strong interaction, therefore, between the

human activities on the coastline and environ-
mental quality has been the basis of seeking ap-
propriate policies to ensure development oppor-
tunities and mitigate their impacts on the envi-
ronment in the context of sustainable develop-
ment. Moreover, this conflict between economic
development and coastal environmental quality
has led scientific research to seek appropriate
methodologies for assessing environmental prob-

Ž .lems Vollenweider, 1992 and the development
of decision-support systems for evaluating the
current state and predicting future trends in

Žcoastal areas Kenchington, 1992; Ballinger and
.Smith, 1994 . However, since coastal management

requires the integration of environmental protec-
tion and development policies to ensure a ratio-
nal use of coastal resources, the incompatibilities
between ecological and social science perspec-
tives and methodologies increase the complexity
of developing appropriate coastal management

Ž .tools Belfiore, 2000 . The technology that ap-
pears to be most likely to play a role in the
development of Integrated Coastal Zone Man-

Ž .agement ICZM tools is Geographical Informa-
Ž . Ž .tion Systems GIS Capobianco, 1999 ; the inte-

gration of GIS with predictive models is ex-
tremely important in coastal management efforts

Ž .worldwide Jones, 1995 . Moreover, based on the
results of different research projects launched for
assessing the appropriate mechanisms and proce-

Ždures for an ICZM EC, 1999; Doody et al.,
.1999 ; among others, a multi-attribute analysis is

Ž .considered important King, 1999 . The purpose
of this analysis was to provide a means for the
aggregation of disparate information on environ-
mental impacts into a single common measure

Žand comprises the following four steps King,
.1999 : structuring of the problem; development

and application of a scoring or rating system to
predicted impacts; application of a weighting sys-
tem for indicating the importance of an impacted
category compared to another; and aggregation of
weighted scores into an overall measure of im-
pact.

In the present work, an effort has been made
to develop a methodology for the multi-dimen-
sional evaluation and ranking of coastal areas
based on both environmental and socio�eco-
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nomic criteria using a combination of multiple
criteria choice methods and Geographical Infor-

Ž .mation Systems GIS . Geographical Information
Systems have already been used for assessing

Ženvironmental problems Tsakiri-Strati et al.,
.1994; Golojuch, 1994 , since they provide a pow-

erful tool for the manipulation and analysis of
Žspatial information Carver, 1991; Goodchild et

.al., 1992; Barras et al., 1994; Carlson et al., 1994 .
The multiple criteria choice methods on the other
hand have already been used to investigate a
number of choice possibilities based on criteria

Ž .derived from conflicting objectives Voogd, 1983 .
Moreover, their additional advantage of consider-
ing simultaneously information expressed in both

Žmetric and non-metric form Nijkamp and Voogd,
.1986 has established them as an important tool

in policy analysis, physical planning and environ-
Ž .mental management Hartog et al., 1989 .

In the present study, the developed method-
ology acquired the simultaneous analysis of
economic, social and ecological data collected
from the coastal area under examination; a case
study in the island of Rhodes, Greece was carried
out. The study area was divided into three sub-
areas�zones, since zoning is considered a valu-

Žable technique for guiding future policies UN-
.ESCO, 1993 ; the aim was to explore the current

status of these sub-areas and the potential for
further development by maintaining the quality of
the marine environment using different configu-
rations of the set of criteria. The resulting ranking
of the sub-areas based on the priority�weight
given to each criterion allowed the assessment of
the importance of each area compared to the
others. As a final step, an attempt was made to
evaluate the sensitivity of the developed method-
ology by condensing the information carried by
the criteria. The importance of this methodology
in the management of coastal areas is also dis-
cussed.

2. Materials and methods

2.1. Data pre-processing

The dataset used included socioeconomic and

environmental parameters related to the sea envi-
ronment and the neighboring mainland from the
coastal area of the city of Rhodes, Greece. The
parameters related to the marine environment
were mean values of the concentrations of phos-
phate and nitrate nutrients, ammonia and phyto-
plankton cell number, collected from 15 sampling

Žsites during the stratification period May�Oc-
.tober along the coast of Rhodes Island, Greece.

Some data pre-processing was carried out for
Ž . Žthese values: a exclusion of outliers Barnett

. Ž .and Lewis, 1987 ; and b log-transform was
applied to reduce the range of the values for the
phytoplankton cell number parameter.

2.2. De�elopment of thematic maps using the Kriging
interpolation method

The Kriging interpolation method takes into
account the mathematical characteristics of the
general structure of the spatial phenomenon stud-

Ž .ied Lancaster and Salkauskas, 1986 , being an
exact interpolator in the sense that the inter-
polated values will coincide with the values at the

Ž .data points Burrough, 1996 . The surface to be
interpolated is regarded as a regionalized variable

Žthat has a certain degree of continuity Lam,
.1983 . It is, therefore, assumed that:

1. the expected difference between any two
places x and x�h separated by a distance

� Ž .vector h, known as lag, will be zero E Z x �
Ž .�Z x�h �0; and

2. the variance of differences depends only on
Ž .the distance between sites h , in a way that

� Ž . Ž .� �� Ž . Ž .42 �var Z x �Z x�h �E Z x �Z x�h
Ž .�2� h

Ž .where � h is a function known as semi-variance
Ž .Burrough, 1996 .

When the above assumptions are met, the
function that relates � to h and is given by the
expression:

n1 2Ž . � Ž . Ž .4� h � � Z x �Z x �hÝ i i2n
i�1
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where n is the number of pairs of observations
separated by the lag h, is called experimental
variogram and contains all the useful information
about the spatial variation of the property, sum-
marizing the general form of the variation, its

Žmagnitude and spatial scale Oliver and Webster,
.1990 . To render the experimental variogram use-

ful in Kriging interpolation method, it must be
fitted by a theoretical model. Consequently, a
fitted or theoretical variogram is produced. The
expression used to predict the value at an unvis-
ited point x is the following:o

n

Ž . Ž .Z x � � Z xÝo i i
i�1

Ž .where Z x are the data values at points x andi i
� the weights needed for local interpolationi n

Ž .with � �1 Cressie, 1990 .Ý i
i�1

2.3. Eutrophication scaling

The interpolated values of each thematic map
can be categorized based on already developed
nutrient and phytoplankton cell number concen-

Žtration trophic scales Ignatiades et al., 1992; Kit-
.siou and Karydis, 1998 , as shown in Table 1. The

different trophic levels can therefore be illus-
trated on the thematic maps.

2.4. Standardization of the parameters �alues

All values are standardized prior to the applica-
tion of the multiple criteria choice method, ac-

Ž .cording to Sneath and Sokal 1973 :

Ž .z � x �x �si j i j i i

where z is the standardized value for the xi j i j
element, x the average of the ith row and s thei i

Ž .standard deviation S.D. of this row.
Standardization is a necessary procedure to en-

sure that all natural scales, some of which may
include nominal or ordinal data, are converted to
a common value scale with interval properties
Ž .Pereira and Duckstein, 1993 . The comparison,
therefore, of variables with different dimensions
could be possible.

2.5. Multiple criteria choice methodology

The multiple criteria evaluation�choice meth-
ods are frequently used in the field of economics

Ž .and policy analysis Janssen, 1992 . Their princi-
Ž .ple is the classification ranking of alternative

choice possibilities on the basis of various criteria
Ž .Nijkamp and Voogd, 1986 . The ranking of the
alternatives is achieved when an impact matrix is

Table 1
Ž .Eutrophication scaling based on nutrient phosphate, nitrate, ammonia and phytoplankton cell number; oligotrophic, lower-

mesotrophic, upper-mesotrophic and eutrophic ranges are given

Eutrophication scaling

Phosphate 0 0.07 0.14 0.68
Ž .�g-at.P�l

Nitrate 0 0.62 0.65 1.19
Ž .�g-at.N�l oligotrophic lower- upper- eutrophic

range mesotrophic mesotrophic range
range range

Ammonia 0 0.55 1.05 2.20
Ž .�g-at.N�l

3 5 5Phytoplankton 0 6�10 1.5�10 9.6�10
cell number
Ž .cells�l



( )D. Kitsiou et al. � The Science of the Total En�ironment 284 2002 1�17 5

formed where a set of scores is attached to the
criteria providing information for each alternative
Ž .Nijkamp and Voogd, 1986 . Although a variety of
these methods exist, all of them obey the same
principle: the pairwise comparison of the scores
for all the alternatives and for each criterion
Ž .Nijkamp and Voogd, 1986 . The impact matrix
can have the following form when i alternatives
and j criteria are considered:

b ... b11 1 j
Impact Matrix�

b ... bi1 i j

where b is the score of the alternative i accord-i j

ing to the criterion j. In the case that b �b ,1 j 2 j

the alternative I dominates over the alternative1
I as far as the j criterion is concerned; ‘the2
greater the value, the more favored the criterion’
Ž .Hartog et al., 1989 .

The advantage of the multiple criteria methods
is their ability to deal with mixed qualitative and

Žquantitative information Nijkamp, 1988; Buckley,
.1988; Voogd, 1988 . In this work, the Regime

Žmultiple criteria choice method Moriki and

.Karydis, 1994; Hartog et al., 1989 was applied; a
detailed description of this method is already

Žgiven in a previous publication Kitsiou and Kary-
.dis, 1998 ; however, it is briefly repeated here.

According to the Regime method, the pairwise
comparison of the alternatives for each criterion
results in the creation of regimes. The regimes
are vectors of � and � signs; a regime is at-
tributed to each alternative after the pairwise
comparison with the rest of the alternatives. Al-
ternative I is preferred to I if the sign is �1 2
Ž .Janssen, 1992 . If k is the total number of alter-
natives and � the total number of criteria, there

Ž .will be created k k�1 regimes of � dimension.
Ž .The resulting matrix R with dimensions k k�1

�� is called the Regime Matrix. If all the criteria
are of equal importance, they are assigned the
same weight and alternative I dominates over1
the I if the total number of � signs is larger2
than the total number of � signs. Then, given
each regime, the probability that alternative I is
more important than the other member of the

Ž .pair is computed. Therefore, k�1 probabilities
are formed for each alternative and the mean of
these probabilities is the probability p that thei
alternative I ‘wins’ a random pairwise compar-

Fig. 1. The study area in the island of Rhodes, Greece where the three sub-areas in the marine environment and the neighboring
mainland are shown.
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ison. The ranking according to diminishing values
of p reveals the most important alternativei
Ž .Janssen, 1992 .

3. Case study: the coastal area of the city of
Rhodes

3.1. Description of the study area and source of data

The island of Rhodes, Greece lies in the east-
ern Mediterranean Sea and covers an area of

2 Ž .1400 km Fig. 1 . During the summer, Rhodes
city and its surroundings receive more than 1
million visitors; tourism is the main economic

Ž .activity on the island Moriki et al., 1995 . The

study area, shown in Fig. 1, extends to the north-
eastern part of the island of Rhodes, including

Ž .also the town of Rhodes new and old . In the
south of Rhodes old town extends an industrial
area and along both the north and south coasts of
the area of interest many hotels are concentrated.
The study area has been divided into three zones:
Ž . Ž . Ž .a town of Rhodes; b Ialyssos; and c Koski-
nou; each one of them also includes the sea area
that extends 500 m away from the coast, as is also
illustrated in Fig. 1.

The values of the parameters used for the
Žterrestrial environment of each zone UNEP,

.1993 are given in Table 2. The parameters re-
lated to the quality of the marine environment
Žconcentrations of phosphate and nitrate nutri-

Table 2
Parameters used for the terrestrial environment of the study area; SA1: town of Rhodes, SA2: Ialyssos, SA3: Koskinou

Parameters SA1 SA2 SA3

Old town New town

Population 4605 40 895.0 7600.0 2400.0
Number of shops 5352 267.0 89.0

Ž .Non-cultivated agricultural area ha 0 560.7 959.0 567.0
Ž .Cultivated agricultural area ha 0 220.4 697.1 667.2

Number of hotel beds 0 16 661.0 12894.0 3666.0
Ž .Sandy beaches km 0 6.1 6.7 3.0

Table 3
Ž .Mean values for the nutrients phosphate, nitrate, ammonia and phytoplankton cell number during the stratification period

Ž .May�October , in the sampling sites RH1�RH10 and R1�R5

Sampling Phosphate Nitrate Ammonia Phytoplankton cell
Ž . Ž . Ž . Ž .site �g-at.P�l �g-at.N�l �g-at.N�l number cells�l

RH1 0.13 0.84 0.84 20 648
RH2 0.08 0.47 0.63 18 649
RH3 0.07 1.76 0.48 53 954
RH4 0.07 4.37 0.69 339 253
RH5 0.07 2.45 0.67 83 826
RH6 0.10 0.57 0.51 17 949
RH7 0.08 0.38 0.56 9337
RH8 0.11 0.34 0.75 24 725
RH9 0.09 0.27 0.79 8006
RH10 0.07 0.30 0.65 7220
R1 0.02 0.19 0.43 13 848
R2 0.02 0.21 0.30 6267
R3 0.02 0.20 0.46 2320
R4 0.02 0.35 0.69 4773
R5 0.05 0.23 0.50 4533
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.ents, ammonia and phytoplankton cell number
were selected based on the EUROGOOS Marine

Ž .Technology Surcey, 1988 Capobianco, 1999 . The
datasets came from two research programs that

Žtook place during the period 1983�1984 Karydis
.et al., 1987, 1988a,b ; the 15 sampling sites

RH1�RH10 and R1�R5 are given in Figs. 2 and
3, while the mean values of each parameter for

Ž .the stratification period May�October are shown
in Table 3. Detailed description of the sampling
methodological procedures has been given in pre-

Ž .vious work Karydis and Coccossis, 1990 .

3.2. Application of the methodology: results and
discussion

3.2.1. Marine en�ironment

3.2.1.1. De�elopment of thematic maps. Application
of the Kriging interpolation method with a spatial
resolution of 30�30 m and categorization of the
interpolated values using the eutrophication scal-

Fig. 2. The sampling sites RH1�RH10 in the marine environ-
ment.

Fig. 3. The sampling sites R1�R5 in the marine environment.

ing of Table 1 resulted in the four thematic maps
shown in Fig. 4 where the different trophic levels;
eutrophic, upper-mesotrophic, lower-mesotrophic,
oligotrophic are clearly illustrated. The spatial
distribution of the phosphate nutrients is given in
Fig. 4a; the field was characterized as lower me-
sotrophic along both the coasts of the northwest-
ern part of the town of Rhodes and Koskinou.
Upper mesotrophic and eutrophic fields were not
indicated, while oligotrophic trends were detected
in the marine environment along the west coast
of the island. The thematic map of the nitrate

Ž .nutrients Fig. 4b indicated as eutrophic the sea
area around the three ports of the town of Rhodes
extending far away from the coast and gradually
becoming upper-mesotrophic, lower-mesotrophic
and finally oligotrophic. The upper-mesotrophic
field covered also the Koskinou sea area, while
the west coast of the island was again character-
ized as oligotrophic. In the spatial distribution of

Ž .ammonia Fig. 4c , no eutrophic or upper-
mesotrophic fields were observed. Lower-
mesotrophic was characterized in the sea environ-
ment in the north and northwestern part of the
town of Rhodes, in Koskinou and in Ialyssos
along the west coast. Finally, the spatial distribu-

Ž .tion of phytoplankton cell number Fig. 4d indi-
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Ž . Ž . Ž . Ž .Fig. 4. Spatial distributions of a phosphate, b nitrate, c ammonia, and d phytoplankton cell number.
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Table 4
Means of the interpolated values within the boundaries of

Žeach marine sub-area for the nutrients phosphate, nitrate,
.ammonia and phytoplankton cell number; SA1: Town of

Rhodes, SA2: Ialyssos, SA3: Koskinou

Parameter SA1 SA2 SA3

Ž .Phosphate �g-at.P�l 0.08 0.05 0.09
Ž .Nitrate �g-at.N�l 2.17 0.26 0.61

Ž .Ammonia �g-at.N�l 0.59 0.54 0.69
Phytoplankton cell 49 545.00 5358.00 13 646.00

Ž .number cells�l

cated an extended lower-mesotrophic field along
the major part of the study area coasts and only a
limited upper-mesotrophic field in the port of the
town of Rhodes.

3.2.1.2. Definition of a zone in the sea 500 m away
from the coast and calculation of the �alues that
characterize each sub-area. A zone in the sea area
that extends 500 m away from the coast was
defined using the appropriate tools of a Geo-

Ž .graphical Information System GIS . The mean of
the interpolated values within the boundaries of
each marine sub-area was calculated for each

Ž .examined parameter Table 4 ; the software

ŽArcInfo ArcInfo, version 7.0.2, Environmental
.Systems Research Institute, Inc. was used. Each

marine sub-area was, therefore, characterized by
four values that are given in Table 4.

(3.2.2. Coastal zone terrestrial and marine
)en�ironment

3.2.2.1. Creation of the impact matrix of the Regime
multiple criteria choice method. The impact matrix
of the Regime multiple criteria method was cre-
ated and it is shown in Table 5a. The three
sub-areas represented the alternative choice pos-
sibilities as mentioned in Section 2.5, while the
values of the 10 parameters formed the criteria.
In Table 5a, negative values were given to the
criteria C7, C8, C9 and C10 to satisfy the princi-
ple of the multiple criteria choice methods ‘the
greater the value, the more favored the criterion’,
since high values of these parameters indicate low
sea environmental quality. It is noted here that
the corresponding values for the phytoplankton
cell number are the log-transformed of the initial
ones given in Table 4, since the data pre-
processing described in Section 2.1 was carried
out.

Table 5
Ž . Ž .The impact matrix for the criteria C1�C10 and the alternatives�sub-areas SA : a without assigning priorities to the criteria and

Ž .b by assigning higher priorities to the criteria related to the marine environmental quality; SA1: town of Rhodes, SA2: Ialyssos,
SA3: Koskinou

Ž . Ž .Criteria a Without priorities b With priorities

SA1 SA2 SA3 SA1 SA2 SA3

C1. Population 45 500.00 7600.00 2400.00 �45 500.00 �7600.00 �2400.00
C2. Number of shops 5352.00 267.00 89.00 �5352.00 �267.00 �89.00
C3. Non-cultivated agricultural 560.70 959.00 567.00 560.70 959.00 567.00

Ž .area ha
C4. Cultivated agricultural area 220.40 697.10 667.20 �220.40 �697.10 �667.20
Ž .ha

C5. Number of hotel beds 16 661.00 12 894.00 3666.00 �16 661.00 �12 894.00 �3666.00
Ž .C6. Sandy beaches km 6.10 6.70 3.00 �6.10 �6.70 �3.00

C7. Concentration of phosphate �0.08 �0.05 �0.09 �0.08 �0.05 �0.09
Ž .�g-at.P�l

C8. Concentration of nitrate �2.17 �0.26 �0.61 �2.17 �0.26 �0.61
Ž .�g-at.N�l

C9. Concentration of ammonia �0.59 �0.54 �0.69 �0.59 �0.54 �0.69
Ž .�g-at.N�l

C10. Concentration of �4.70 �3.73 �4.14 �4.70 �3.73 �4.14
Ž .phytoplankton cells�l



( )D. Kitsiou et al. � The Science of the Total En�ironment 284 2002 1�1710

3.2.2.2. Standardization of the impact matrix and
application of the Regime multiple criteria choice
method. The standardization procedure described
in Section 2.4 was applied and a new impact

Ž .matrix was created Table 6a . The Regime
method was then applied twice. The first time, no
priorities were assigned to the criteria; they were
all, therefore, considered of equal importance;
the resulted ranking of the three sub-areas is
given in Table 7a. According to this ranking, the
Ialyssos sub-area was the most favorable from a
development point of view, considering that so-
cio-economic and environmental parameters were
of equal importance, while Koskinou was placed
last. Koskinou represented, therefore, the less
developed zone of the study area. During the
second application of the regime method, higher
priority was given to the criteria related to the
marine environmental quality. The priority order
for the criteria was the following: C10, C8, C7,

ŽC9, C5, C1, C4, C3, C2, C6. Criterion C10 phyto-
.plankton cell number is the most representative

parameter characterizing marine eutrophication
Ž . Ž .Colombo et al., 1992 ; nitrate nutrients C8 rep-
resent a significant limiting factor in the phyto-

Ž .plankton’s growth, while phosphate nutrients C7

Ž .and ammonia C9 are also important indicators
of the eutrophication trends of the sea environ-

Ž . Žment Valiela, 1995 . The criterion C5 number of
.hotel beds has a high significance for the system
Ž .examined Lanquar, 1995 , since it reflects the

number of tourists in the area. Tourists and local
Ž .inhabitants criterion C1 are a major source of

environmental pollution in coastal communities
Ž .Madan and Rawat, 2000 . The extent of agricul-
tural areas can be very significant for the quality
of the marine environment, since agriculture is
considered as an important cause of the supply of

Žnutrients to the sea coastal zone Capobianco,
.1999 . However, the impact of cultivated agricul-

Ž .tural areas criterion C4 is much more signifi-
cant, since pest management is often undertaken
by using pesticides that act as persistent organic

Ž .pollutants POPs ; POPs accumulate in the
groundwater and may influence the coastal areas

Ž .as non-point pollution Capobianco, 1999 . In that
case, a negative sign was also given to the criteria
C1, C2, C4, C5 and C6, because the high values of
these parameters represent a negative impact on
the marine environment. The impact matrix is
given in Table 5b, the standardized impact matrix
in Table 6b and the resulted ranking of the three

Table 6
Ž . Ž .The standardized impact matrix for the criteria C1�C10 and the alternatives�sub-areas SA : a without assigning priorities to the

Ž .criteria and b by assigning higher priorities to the criteria related to the marine environmental quality; SA1: town of Rhodes, SA2:
Ialyssos, SA3: Koskinou

Ž . Ž .Criteria a Without priorities b With priorities

SA1 SA2 SA3 SA1 SA2 SA3

C1. Population 1.15 �0.46 �0.68 �1.15 0.46 0.68
C2. Number of shops 1.15 �0.55 �0.61 �1.15 0.55 0.61
C3. Non-cultivated agricultural �0.59 1.15 �0.56 �0.59 1.15 �0.56

Ž .area ha
C4. Cultivated agricultural area �1.15 0.63 0.52 1.15 �0.63 �0.52
Ž .ha

C5. Number of hotel beds 0.84 0.27 �1.11 �0.84 �0.27 1.11
Ž .C6. Sandy beaches km 0.42 0.72 �1.10 �0.42 �0.72 1.10

C7. Concentration of phosphate �0.50 1.00 �1.00 �0.50 1.00 �1.00
Ž .�g�at.P�l

C8. Concentration of nitrate �1.14 0.74 0.39 �1.14 0.74 0.39
Ž .�g�at.N�l

C9. Concentration of ammonia 0.25 0.88 �1.00 0.25 0.88 �1.00
Ž .�g�at.N�l

C10. Concentration of �1.04 0.94 0.10 �1.14 0.94 0.10
Ž .Phytoplankton cells�l
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sub-areas in Table 7b. This time, Koskinou was
placed first representing the zone with the best
marine environmental quality, Ialyssos second and
the town of Rhodes last. The results of Table 7
indicated that Ialyssos and the town of Rhodes
gained in order when criteria were of equal im-
portance, since most of services and tourist activi-
ties are situated in these sub-areas, but lost in
ecological value.

3.2.2.3. E�aluation and robustness of the method-
ology. Synthesis of the criteria C1�C10 was ap-
plied twice for evaluating the sensitivity of the
proposed methodology.
Ž .a First synthesis of the criteria set

Ž .The value of population C1 was added to the
Ž .number of hotel beds C5 for creating a criterion

representative of the total number of population
Ž .permanent citizens and tourists . Similarly, the

Žvalue of the criterion C3 non-cultivated agricul-
.tural area was added to that of the criterion C4

Ž .cultivated agricultural area to create a new one

representative of the total extent of the agricul-
tural area. The synthesis of the criteria related to
the marine environment was made as described in

Ž .the following steps: a The means of the inter-
polated values within the boundaries of each ma-

Ž .rine sub-area for each parameter Table 4 were
Žassigned to a certain trophic level eutrophic,

upper-mesotrophic, lower-mesotrophic, oligo-
.trophic based on the eutrophication scale of

Ž .Table 1. b An ordinal value was assigned to
Ž . Ž .each trophic level 1 : to the eutrophic; 2 : to the
Ž .upper-mesotrophic; 3 : to the lower-mesotrophic;

Ž . Ž .and 4 : to the oligotrophic Table 8 . For exam-
ple, the mean value of the interpolated values for
the phosphate in sub-area 1 was 0.08, which cor-
responded to the lower-mesotrophic trophic level.
A value of 3 was, therefore, assigned to this
sub-area regarding the phosphate parameter, as

Ž .shown in Table 8. c Co-estimation of the infor-
mation incorporated in each parameter was
achieved by addition of the ordinal values of
Table 8 for each sub-area: sub-area 1 corre-

Table 7
Ž . Ž .Results of the Regime multiple criteria choice method a without assigning priorities to the criteria C1�C10 and b by assigning

higher priorities to the criteria related to the marine environmental quality

Ž . Ž .Ranking a Without priorities b With priorities

Sub-area Result Sub-area Result

1 Ialyssos 1.000 Koskinou 1.000
2 Town of Rhodes 0.333 Ialyssos 0.500
3 Koskinou 0.167 Town of Rhodes 0.000

Table 8
Characterization of the trophic level of each sub-area for each parameter and final characterization of each sub-area after
co-estimation of all the parameters; 1: eutrophic, 2: upper-mesotrophic, 3: lower-mesotrophic, 4: oligotrophic field

Parameter Town of Rhodes Ialyssos Koskinou
Ž . Ž . Ž .SA1 SA2 SA3

Ž .Phosphate �g-at.P�l 3 4 3
Ž .Nitrate �g-at.N�l 1 4 4

Ž .Ammonia �g-at.N�l 4 4 3
Phytoplankton cell number 3 4 3
Ž .cells�l

SUM 11 16 13

Quality of the marine 3 4 3
Ž . Ž . Ž .environment lower-mesotrophic oligotrophic lower-mesotrophic
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Table 9
Eutrophication scale for the characterization of the trophic level of a sub-area when four parameters are considered
simultaneously; 1: eutrophic, 2: upper-mesotrophic, 3: lower-mesotrophic, 4: oligotrophic field

Eutrophication scale

1 1 2 3 4
1 eutrophic 1 upper-mesotrophic 2 lower-mesotrophic 3 oligotrophic 4
1 field 1 field 2 field 3 field 4
1 2 3 4 4

4 5 9 13 16

sponded to a sum of 11; sub-area 2 to a sum of
Ž .16; and sub-area 3 to a sum of 13. d A new

trophic scale based on the ordinal values charac-
Žterizing each trophic level 1: eutrophic; 2:

upper-mesotrophic; 3: lower-mesotrophic; and 4:
.oligotrophic was developed considering the co-

estimation of four parameters. The boundary val-
ues of each trophic field were calculated based on

Table 10
Ž . Ž .The impact matrix as formed after the synthesis of the criteria of Table 5 a without assigning priorities to the criteria and b by

assigning higher priorities to the criteria related to the marine environmental quality; SA 1: town of Rhodes, SA2: Ialyssos, SA3:
Koskinou

Ž . Ž .Criteria a Without priorities b With priorities

SA1 SA2 SA3 SA1 SA2 SA3

C1a. Population and number 62 161.0 20 494.0 6066.0 �62 161.0 �20 494.0 �6066.0
of hotel beds

C2a. Number of shops 5352.0 267.0 89.0 �5352.0 �267.0 �89.0
C3a. Non-cultivated and 781.1 1656.1 1234.2 �781.1 �1656.1 �1234.2

cultivated agricultural area
Ž .ha

Ž .C4a. Sandy beaches km 6.1 6.7 3.0 �6.1 �6.7 �3.0
C5a. Quality of the marine 3.0 4.0 3.0 3.0 4.0 3.0

environment

Table 11
Ž . Ž .The standardized impact matrix for the criteria C1a�C5a and the alternatives�sub-areas SA : a without assigning priorities to the

Ž .criteria and b by assigning higher priorities to the criteria related to the marine environmental quality; SA1: town of Rhodes, SA2:
Ialyssos, SA3: Koskinou

Ž . Ž .Criteria a Without priorities b With priorities

SA1 SA2 SA3 SA1 SA2 SA3

C1a. Population and number of 1.12 �0.31 �0.81 �1.12 0.31 0.81
hotel beds

C2a. Number of shops 1.15 �0.55 �0.61 �1.15 0.55 0.61
C3a. Non-cultivated and cultivated �1.01 0.99 0.02 1.01 �0.99 �0.02

agricultural area
Ž .ha

Ž .C4a. Sandy beaches km 0.42 0.72 �1.10 �0.42 �0.72 1.10
C5a. Quality of the marine �0.57 1.16 �0.57 �0.57 1.16 �0.57

environment
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Table 12
Ž . Ž .Results of the Regime multiple criteria choice method a without assigning priorities to the criteria C1a�C5a and b by assigning

higher priorities to the criteria related to the marine environmental quality

Ž . Ž .Ranking a Without priorities b With priorities

Sub-area Result Sub-area Result

1 Ialyssos 1.000 Koskinou 1.000
2 Town of Rhodes 0.500 Ialyssos 0.500
3 Koskinou 0.000 Town of Rhodes 0.000

the following principle: the trophic trend assigned
to a sub-area will be the one that characterizes
the majority of the examined parameters. Conse-
quently, as shown in Table 9, values between 4
and 5 represent an eutrophic field, 6�9 an upper-
mesotrophic field, 10�13 a lower-mesotrophic field

Ž .and 14�16 an oligotrophic field. e The trophic
field of each sub-area was finally characterized

based on the sum values of Table 8 and the
trophic scale of Table 9. As a result, the marine
environment of the sub-areas 1 and 3 was repre-
sentative of lower-mesotrophic conditions and

Ž .sub-area 2 of oligotrophic ones Table 8 .
The new impact matrix is shown in Table 10a

and the standardized one in Table 11a. The regime
method was again applied twice. The first time, all

Table 13
Ž . Ž .The impact matrix as formed after the synthesis of the criteria of Table 10, a without assigning priorities to the criteria and b by

assigning higher priorities to the criteria related to the marine environmental quality; SA1: Town of Rhodes, SA2: Ialyssos, SA3:
Koskinou

Ž . Ž .Criteria a Without priorities b With priorities

SA1 SA2 SA3 SA1 SA2 SA3

ŽC1b. Population and number 10 190.3 3058.8 2022.0 �10190.3 �3058.8 �2022.0
.of hotel beds �sandy beaches

C2b. Number of shops 5352.0 267.0 89.0 �5352.0 �267.0 �89.0
ŽC3b. Non-cultivated and 128.0 247.2 411.4 �128.0 �247.2 �411.4

.cultivated agricultural area �
Ž .sandy beaches ha�km

C4b. Quality of the marine 3.0 4.0 3.0 3.0 4.0 3.0
environment

Table 14
Ž . Ž .The standardized impact matrix for the criteria C1b�C4b and the alternatives�sub-areas SA : a without assigning priorities to the

Ž .criteria and b by assigning higher priorities to the criteria related to the marine environmental quality; SA1: town of Rhodes, SA2:
Ialyssos, SA3: Koskinou

Ž . Ž .Criteria a Without priorities b With priorities

SA1 SA2 SA3 SA1 SA2 SA3

ŽC1b. Population and number 1.15 �0.46 �0.69 �1.15 0.46 0.69
.of hotel beds �sandy beaches

C2b. Number of shops 1.15 �0.55 �0.61 �1.15 0.55 0.61
ŽC3b. Non-cultivated and �0.94 �0.11 1.05 0.94 0.11 �1.05

.cultivated agricultural area �
Ž .sandy beaches ha�km

C4b. Quality of the marine �0.57 1.16 �0.57 �0.57 1.16 �0.57
environment
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the criteria were considered of equal importance
and the final ranking is given in Table 12a, while
the second one priority was given to the criteria
related to the quality of the marine environment.
The priority order for the criteria was the fol-
lowing: C5a, C1a, C3a, C2a, C4a; that time, a
negative sign was given to the criteria C1a, C3a,
C2a, C4a, while the values of the criterion C5a
remained intact, since its high values represent
good marine environmental quality. The impact
matrix for this case is given in Table 10b and the
standardized one in Table 11b. The resulted
ranking is shown in Table 12b. It was observed
that the synthesis of the criteria did not affect the
ranking of the three zones in both cases com-
pared to the results illustrated in Table 7.
Ž .b Second synthesis of the criteria set
The criteria where further synthesized as fol-

lowing: both criteria C1a and C3a of Table 10
were divided by the value of the criterion C4a
Ž .sandy beaches in km for estimating the intensity

Ž .of the activity Table 13a . The same procedure
concerning the application of the Regime method,
without assigning priorities to the criteria, was
followed. The standardized impact matrix and the
resulted ranking are shown in Table 14a and
Table 15a, respectively.

In the second run, the priority order for the
criteria was the following: C4b, C1b, C3b, C2b,
while a negative sign was given to the criteria

Ž .C1b, C3b, C2b Table 13b . The standardized
impact matrix is the one of Table 14b, while the
ranking is given in Table 15b. It was observed
once again no difference in the ranking of the
three zones for both cases compared to the re-
sults illustrated in Tables 7 and 12.

4. Conclusions

The need for a systematic, coherent and active
intervention towards the sustainable development
of the coastal areas has been widely recognized
Ž .Sorensen and McCreary, 1990 . However, the
tools developed for that purpose are, most of the
time, applied in a rather fragmented and conflict-
ing way, providing a quite insufficient means for
the integrated coastal zone management; a need
for a synthetic application of existing tools is,

Ž .therefore, highly demanded O’Regan, 1996 . An
efficient operation of a coastal management
mechanism should involve the selection of the
appropriate criteria for assessing the environmen-
tal, social and economic impacts. Furthermore,
since coastal management occurs in a complex
dynamic spatial system, if a tool is to respond, it
must be characterized by flexibility to quickly
review and revise the new information acquired,
to be able to enrich the criteria and the guide-
lines and to evaluate properly the impacts of a
proposed project in the coastal resources and
ecosystems. Finally, the ranking of coastal zones
can be proven to be very useful to coastal man-
agers, since it is a mean for comparing different
areas and evaluating their potential for develop-
ment.

The aim of the present study was to propose a
methodology for the multi-dimensional evalua-
tion and ranking of coastal areas. More precisely,
the purpose was to examine the effectiveness of
the combination of GIS and multiple criteria
choice methods as integrated tools in coastal
management. The island of Rhodes in Greece
was selected as a case study, since it represents a

Table 15
Ž . Ž .Results of the Regime multiple criteria choice method a without assigning priorities to the criteria C1b�C4b and b by assigning

higher priorities to the criteria related to the marine environmental quality

Ž . Ž .Ranking a Without priorities b With priorities

Sub-area Result Sub-area Result

1 Ialyssos 0.650 Koskinou 1.000
2 Town of Rhodes 0.560 Ialyssos 0.500
3 Koskinou 0.290 Town of Rhodes 0.000
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typical example of excessive concentration of vari-
ous conflicting activities in a small area.

Within the frame of a GIS a variety of analyti-
cal, statistical and modeling tools can be applied
to transform data and make them suitable for a

Ž .given application EPA, 1999 . In coastal zone
management studies, GIS provide a receptacle for
scattered data from diverse sources and an im-
provement of the visualization of such data
Ž .Capobianco, 1999 . Regarding the multiple crite-
ria choice methods, they have already been used
for assessing the quality of the marine environ-

Ž .ment Moriki and Karydis, 1994 as well as for
Ž .decision making Hartog et al., 1989 and coastal

Ž .management Moriki et al., 1995 , since they have
Ž .a number of advantages: a they are dis-

tribution-free, which means that they do not de-
pend on parametric procedures and do not re-

Ž .quire any assumptions of the data. b The sig-
nificance of certain variables can be adjusted by

Ž .the assignment of priorities. c Integration of any
type of information can be handled.

In the proposed methodology, the following
Ž .steps were involved: a data manipulation may be

required as a preliminary step such as omission of
outliers and�or data transformation to restrict

Ž .the range of the values. b Division of the study
area into zones�sub-areas, including part of the
terrestrial and the marine coastal environment

Ž .within the frame of a GIS. c Interpolation of the
data collected from the marine environment to
produce continuous spatial surfaces for each ex-
amined parameter; at this stage, the Kriging in-
terpolation method was used with a spatial reso-

Ž .lution of 30�30 m. d Use of an appropriate
eutrophication scale based on nutrient concentra-
tions and phytoplankton cell number for the cate-

Ž .gorization of the interpolated data. e Genera-
tion of thematic maps for each examined parame-

Ž .ter. f Calculation of the mean of the inter-
polated values within the boundaries of each zone
in the marine environment for every parameter.
Ž .g Creation of the impact matrix using the
parameters related both to the terrestrial and

Ž .marine environment. h Standardization of the
Ž .values of the impact matrix. i Application of the

regime multiple criteria choice method using the
sub-areas as alternative choice possibilities and

Ž .the parameters values as criteria. j Considera-
tion of equal importance for all the criteria dur-
ing the first run of the regime method, while
higher priority for the criteria related to the ma-
rine environmental quality during the second run.
Ž . Ž .k Ranking of the sub-areas. l Appropriate syn-
thesis of the criteria set and reapplication of the
regime method.

The developed methodology seems useful in
simultaneously analyzing spatial information from
various sources, revealing the current state of
each coastal zone and exploring its potential for
future development according to various aspects.
Moreover, the assignment of priorities to the
criteria allows the reflectance of different view-
points to be examined explicitly. The method-
ology is flexible in possible alterations; for exam-
ple, if it is considered necessary, the extent of the
sub-areas could easily be transformed in the ter-
restrial as well as in the marine environment
using GIS. The methodology could, therefore, be
characterized as a dynamic tool, since new or
revised information could be easily inserted into

Žthe system new values of certain criteria or even
.new criteria and the priorities assigned to the

criteria could be easily revised allowing the detec-
tion of long term or short term changes following
specific events. Another important aspect is the
simplicity in application and the clear illustration
of the results. That point is quite interesting
since, in general, the gap between technology
developers and possible users is quite wide, espe-
cially when mathematical models are used that
are shared by small groups of specialists. In the
described methodology, the ranking of the zones
provides an explicit view of the status of the
coastal zone without involving any complexity in
the analysis. Furthermore, the use of different
configurations of the criteria set did not affect the
ranking of the sub-areas, proving the stability and
robustness of the methodology. A disadvantage
could be considered the difficulty to define the
priorities of the criteria, since the development of
a consensus seems quite difficult. However, use of
the proposed methodology with a careful focus on
the needs and characteristics of the study area
might provide a quite useful guidance for ex-
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ploring its dynamic and predicting future trends
or developing scenarios for future planning.
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