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The driving forces of the development of the coastal area of the island of Rhodes (Greece) are examined
in relation to the quality of the marine environment. The integrated variables of the system were analysed
by four multidimensional techniques: Multicriteria Analysis, Cluster Analysis, Multidimensional Scaling
and Principal Component Analysis. The analysis was performed in five zones of the island with different
socio-economic structure and marine environmental quality. All these methods revealed the same trend
in each zone suggesting the robustness of the multidimensional approach. The conflict between the quality
of natural resources and the intensity of land use was expressed through the dissimilarity measures of
~he8e techniques, and therefore a quantification of the conflicts was obtained. In addition, a graphical
illustration of the interrelated variables contributed to a better understanding of the system structure.
The ~se of these algorithms is well established from applications in the fields of ecology and physical
planning, They are therefore proposed as an effective analytical tool in problems where coastal devel­
opment and marine quality are encountered. The combination of the multiple criteria, analytical tech­
niques can contribute to the work of planners and decision-makers to identify the major trends of the
system and quantify the interrelated socio-economic and environmental aspects.

ADDITIONAL INDEX WORDS: Integrated analysis, multivariate methods, environmental manage­
ment.

INTRODUCTION

Coastal development in our century is accom­
panied by growing environmental problems and
the need for evaluation and reorientation of the
management strategies, taking into account en­
vironmental concerns.

Awareness of the conflict between coastal de­
velopment and coastal environmental quality
emerged as a priority issue in the 1970's (WeED,
1987) and led scientific research towards the study
of environmental problems, the assessment of
quality criteria and prediction of future trends.
In planning and policy-making, the need for ho­
listic approaches to coastal management is seri­
ously considered. There still seems to be a gap
between experimental work and decision-making,
mainly because of the incompatibility of methods
for the policy interpretation of scientific analysis.
In this way, environmental-ecological aspects ap­
pear only theoretically in the actual decision­
making process; huge data bases, originated from
physical and chemical monitoring of the marine
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environment, remain unexplored, restricted to ac­
ademic purposes only.

Environmental protection and sustainability
require integration of environmental and socio­
economic variables and the application of effec­
tive methodologies. However, complex problems
involve multiple aspects and require analytical
and systematic work to measure the degree of
conflict and quantify the interrelations between
them. Modelling has offered a tool for integrated
management especially with scenario-predictive
models and economic-ecological simulation. How­
ever, models require sophisticated techniques and
need to be tested under real conditions. At the
same time, coastal management requires effective
decisions in a reasonable time-scale; therefore, ho­
listic approaches should be based on realistic
methods rather than complicated and time-con­
suming techniques. So far, multivariate statistical
methods have been used extensively in the as­
sessment of ecological impacts in natural sciences
(WARWICK, 1986; CLARKE and GREEN, 1988), but
without integrating socio-economic variables. Ap­
plications of multiple criteria methods, based on
the assignment of scores in the multiple objectives
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Figur e 1. Map of th e island of Rhodes, d ivid ed in five zones ,
and th e sa mpling locations along th e northw est coast.

of a complex problem and the classificati on of the
objectives in a ranking list, hav e been limited in
the field of ph ysical planning and policy-making
(H ARTOG et al., 1989; NIJKAMP et al ., 1990).

In the present work, a case study of the island
of Rhodes, Greece is presented, ana lysing simul­
taneously economic, social and ecological da ta of
the coastal system. Four different multi -vari able
techniques were used : Multicriteria methods, the
non-parametric method multidimensional scaling
and two multivariate sta t ist ical methods: cluster
analysis and principal component analysis. The
aim of the study was to explore the potential of
the island for development, ma intaining the qual­
ity of the marine environment and to examine the
effectiveness of the above methodologies in their
application to holistic approaches in syste m an al­
ysis. The qu aliti es and disad vantages of each
technique are discussed as well as th eir use as a
multi-method system for the support of environ­
mental management.

F igure 2. Map of th e sa mpling locat ions along the coastal area
of the city of Rhodes (KARYDIS and COCCOSSIS, 1990).

METHODOLOGY
Description of th e Study Area

The island of Rhodes (Greece) lies in the East­
ern Med iterranean Sea and covers an area of 1,400
km 2 (Figure 1). The population of th e island is
approximately 110,000 persons (COCCOSSIS et al.,
1993), 50,000 of them inhabiting th e city of Rhodes
which is a major tourist resort. During the sum­
mer, Rhodes city and its surround ings receive more
than a milli on visitors. Tourism is the main eco­
nomi c activ ity on th e island; commerce, services
and other touri st related activit ies are also grow­
ing.

The island is divided into five geographical zones
by the Ministry of Planning and the Environment
(COCCOSSIS et al ., 1993) named Zones 1- 5 (Figure
1). Zone 1 is the northeastern area and includes
the capital of the island, the city of Rhodes . T his
is the area wher e most of th e touri st facilities
(33,000 hotel beds of th e 36,000 for the whole
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island), services and industrial-manufacture units
are concentrated. Zone 2 is the northwest area.
The airport is located in this zone, while many
hotels and other tourist facilities are located along
the beaches. Zone 3 is a rapidly growing tourist
area which also has the largest concentration of
manufacturing. The area represents a high per­
centage of agricultural land and shares with Zone
1 the largest part of cultural resources in the is­
land. Zone 4 is the western mountainous part of
the island, while Zone 5 presents the southern,
relatively underdeveloped part of Rhodes. The
last two areas represent a high priority of agri­
cultural employment.

Collection of Data

Data on the socio-economic system have been
obtained through the National Statistical Service
of Greece (1986, 1991) and the Development Sce­
narios for Rhodes, Phase I, Appendix (COCCOSSIS
et al., 1991). Data on the quality of the marine
environment concern nutrient values (nitrate and
ammonia) as well as a biological parameter ChIC\'
(VOUNATSOU and KARYDIS, 1991; KARYDIS and
COCCOSSIS, 1990). Ten nearshore stations RH1­
RH10 were spaced along the coastal area of the
city of Rhodes (Figure 2) and five more stations
in the north west coast of the island (Figure 1).

Manipulation of Data

There are two types of data: most of the vari­
ables are cardinal, but some of them such as the
relief structure, the suprastructure and the cul­
tural value, are measured in an ordinal scale, tak­
ing values from 3 to 0 (3 being the most favorable).

The values of nutrient and ChIC\' are numerical
but have been given an opposite sign in order to
conform to the idea "the greater the value, the
more favored the criterion. In Zone 1 for example,
the value for Chlo is 0.28 and appears in the table
as -0.28.

All values have been standardised according to
SNEATH and SaKAL (1973) prior to the analysis.
Standardisation is a necessary procedure for both
multicriteria analysis and multivariate proce­
dures, so as to permit the comparison of variables
with different dimensions.

Multicriteria Analysis: The Regime Method

The Regime Method is used for the classifica­
tion of alternative sites; the five zones of Rhodes
Island are classified according to the values of
various criteria, which form the "Impact Matrix".

The criteria are the stated variables of the coastal
system of Rhodes and are presented in the Impact
Matrix of Table 1. After the pairwise comparison
of the values of two alternatives for each criterion,
a new matrix is formed by the signs of the output
of the comparison. This output might take a pos­
itive value for some of the criteria and a negative
for others. The relative sizes of the subsets of the
criteria with negative and positive values are in­
terpreted as the probabilities that Zone 1 domi­
nates over Zone 2. The final ranking of the Zones
is based on the calculation of the mean value of
all probabilities for each Zone (HINLOOPEN and
NIJKAMP, 1990). One of the advantages of the Re­
gime Method is that it allows for different pri­
orities among the criteria. This is very useful since
some criteria are more important than others.

Classification

Numerical Classification (cluster analysis) was
performed based on the euclidean distances among
sampling locations:

ED jk = ~ rx, - X ik )2
i=l

The hierarchical sorting strategy for the devel­
opment of dendrograms was the group average
sorting. This method joins two groups of samples
together at the average level of similarity between
all members of one group and all members of the
other (SNEATH and SaKAL, 1973). The dendro­
gram was obtained using Primer Programs
(CLARKE, 1993).

Ordination

The non-metric multidimensional scaling
(MDS) was applied on the similarity matrix de­
veloped for cluster analysis. MDS was originally
developed in psychometrics but has found many
applications in the social sciences as well as in
ecological studies (FIELD et al., 1982; WARWICK,
1986; KARYDIS, 1992). MDS uses proximities
among samples to indicate how similar (or dis­
similar) two samples are. The output is a graphical
representation, consisting of a geometric config­
uration of points, making the comprehension of
the structure of the data easier. Additional details
and the software used have been given by CLARKE
(1993).

Principal Component Analysis

Principal Component Analysis (peA) is a well­
known and popular statistical method (ANDERSON,
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Table 1. The values of th e six tee n varia bles of the coasta l sys tem of Rhodes island . in the five zones .

Zones

Variables Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

Social subsys tem

Population
(thousands) 82 17 8 5 12

Services
(thousands of employees) 10 0.80 1 0.40 1.10

Industr y
(thousands of employees) 1.90 0.19 0.31 0.04 0.30

Agriculture
(thousands of emp loyees) 0.38 0.13 0.27 0.72 0.79

Industrial ann oyan ce 0 3 0 3 3

Tour ism

Howls
(t housand beds) 33 1.20 1.30 0.01 0.05

Distance 3 3 2 2 1
Marinas 3 0 0 0 0
Suprastruct ure 3 3 2 I 1
Cultura l resourc es 3 1 3 I 0

Morphology

Relief 3 3 2 0 2
Agricultural land

(thousa nd stremmas) 49.80 43.50 66.90 45.60 67.60
Beaches

(thousa nd st remmas) 0.90 6.40 1.80 0 2.70

Mar ine subsys tem

Chlorophyll a
("g-at/l) - 0.28 - 0.10 -0.08 -0.08 -0.08

Nit rate
(~-at/l) -2.25 -0.20 -0.15 - 0.15 - 0.15

Ammonia
(~-at/l) -0.69 - 0.54 - 0.44 - 0.44 -0.44

1984). It is applied in cases of large numbers of
variables reducing their number by linear trans­
formations. The Principal Components are the
characteristic eigenvalues of the Covariance Ma­
trix , of the original variables. PCA was performed
with the statistical software STATGRAPHICS (1989).

RESULTS

Table 1 presents 16 criteria-variables of the five
zones of the island of Rhodes (Figure 1). These
variables concern the social subsystem, tourism­
related activit ies, the geomorphology and the ma­
rine sub system. The variables were selected to
represent the major social, economic and ecolog­
ical characteristics of the system of Rhodes island
(Greece). Wherever possible, the values of each
variable at each zone are quantitative. However ,
certain variables necessary for th e analysis could
not be expressed in quantitative terms and or­
dinal scaling has been used from 0 to 3, situat ion

o representing the least favorable condit ion. The
majority of population inhabit Zone 1; th erefore,
the population variable shows a great difference
between Zone 1 and the remaining Zones. The
percentage of employees in the tertiary sector and
the number of hotels are about the same in each
zone.

Table 2 presents the standardised values ofTa­
ble 1 and forms the impact matrix for multicri­
teria anal ysis as well as the similarity matrix for
cluster analysis and multidimensional scaling .
Correlation Factors for the Principal Component
Analysis were also calculated from the Matrix of
Table 2.

Table 3 presents the results of the Regime
Method. In Table 3(a) , all criteria have been given
equal priorities. Zone 1 is classified first in the
ranking list, followed by Zone 5, Zone 3, Zone 2
and the mountainous Zone 4, in descending order.
This analysis mean s that Zone I , the most de-
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Table 2. Th e values of th e variables of th e coastal sys tem of Rh odes aft er standardiza tion.

Number Variable Za ne I Zan e 2 Zon e 3 Zon e 4 Za ne 5

(I) Populat ion 1.98 -0.27 -0.56 - 0.69 -0.44
(2) Services 1.99 - 0.51 - 0.45 - 0.61 -0.42
(3) Industry 1.99 - 0.53 -0.35 - 0.75 - 0.37
(4) Agri culture - 0.31 -1.27 -0.73 1.00 1.27
(5) Industrial annoyan ce -1.22 0.82 - 1.22 0.82 0.82
(6) Hotel s 1.99 -0.46 -0.45 - 0.55 - 0.54
(7) Distance 1.07 1.07 - 0.26 - 0.26 - 1.60
(8) Marinas 2.00 -0.50 - 0.50 - 0.50 - 0.50
(9) Suprastructure 1.18 1.18 0.00 - 1.11 - 1.11

(10) Cultural resources 1.17 - 0.50 1.17 - 0.50 - 1.33
(II ) Relief 0.39 0.39 -0.10 -0.59 - 0.10
(12) Agricultural land - 0.47 - 1.07 1.17 -0.87 1.24
(13) Bea ch es -0.67 1.83 - 0.25 - 1.07 0.15
(14) Chlo rophyll - 1.99 0.31 0.56 0.56 0.56
(15) N itrate - 1.99 0.45 0.51 0.51 0.51
(16) Amm oni a - 1.83 -0.30 0.71 0.71 0.71

veloped at the present time, is the most favorable tential of each zone for agricultural development.
area from a development poin t of view, in cases Zones 3 and 5 are the most favorable for primary
where all variables of the socio-economic and eco- sector, followed by Zone 2. Zones 4 and 1 are the
logical subsystems are of equal importance. In least important for agricultural development. In
Table 3(b) , the criteria that concern the primary Table 3(c), priority has been given in the quality
sector have been given priority to reveal th e po- of the marine environment. In this case, Zone 5

Table 3. Mult icrit eria anal ysis results. Regime Method ( HINLOOPEN and N fJ KAMP, 1990).

Zones Scores Result

(a) Eq ual pr iorities

Crite ria nu mb er

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

ZI 2 2 2 - 0 -1 2 1 2 1 1 0 - 0 - 0 - 2 - 2 -0 0.926
Z5 - 0 -0 -0 1 1 - I - 2 - 1 - 1 - 1 - 0 1 I 1 1 0 0.674
Z3 -1 - 0 -0 - 1 -1 -0 -0 -1 0 1 -0 1 0 I I 0 0.583
Z2 - 0 -1 -I - I I -0 I - I I - I 0 - I 0 0 0 - 0 0.297
Z4 - 1 -1 -I I 1 - I - 0 -I - I - I -I - 1 - 2 1 I 0 0.020

(b) Priority to primer sector

Crite ria nu mber

II 4 12 7 9 2 3 5 6 8 10 13 14 15 16

Z3 - 0 -I I - I -0 0 - 0 - 0 - I - 0 -I I 0 1 I 0 0.836
Z5 - 0 I I - 0 - 2 - I - 0 - 0 I - I -1 - 1 I I I 0 0.836
Z2 0 -1 - I - 0 I I - 1 - I 1 -0 - I -I 0 0 0 0 0.506
Z4 -1 1 -1 - 1 -0 -1 - I -1 1 - 1 -I - 1 -2 I 1 0 0.249
ZI 2 -0 -0 2 1 1 2 2 - 1 2 2 1 -0 - 2 -2 0 0.073

(c) Priority to the quality of th e marine environment

Cri te ria number

16 15 14 5 2 3 4 6 7 8 9 10 II 12 13

Z5 0 1 1 I - 0 - 0 -0 I -1 -2 -I - 1 -I -0 1 I 0.771
Z3 0 1 I - I -I -0 -0 -I - 0 -0 -I 0 I -0 I 0 0.747
Z2 - 0 0 0 1 -0 - I - 1 -1 - 0 1 -I 1 -1 0 - 1 0 0.498
Z4 0 1 1 I -I - I - I 1 - 1 - 0 -1 - I - 1 -I - I - 2 0.484
ZI -0 - 2 - 2 - I 2 2 2 - 0 2 1 2 I I 0 -0 - 0 0.000
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Figure 3. MDS plot for the 16 variables in the five zones of
the island of Rhodes . The names of the variables are given in
Table 2.
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is the first in the ranking list, followed by Zone
3; Zone 2 is again of medium quality and Zone 1
takes the last position. An overview of Table 3
reveals that the most favourable Zone for a bal­
anced development of primary sector and tourist
activities with the protection of the marine en­
vironment is Zone 5, in the southern part of the
island. Zone 3 can be classified as the second best;
Zone 1 gains in order when criteria are equal be­
cause most of services and tourist activities take
place in this area, but loses in primer sector and
in ecological value. Zone 2 presents a medium
profile, while Zone 4 is almost unfavored in all
three cases .

Figure 3 presents the MDS plot for the 16 cri­
teria in the five zones. Two aggregates can be
observed, one to the right with criteria 15, 14 and
5 and one to the left with criteria 1, 2, 3, 8, 10, 9
and 7. The aggregate to the right concerns envi­
ronmental quality while the aggregate to the left
represents the intensity in the land use and the
coexistence of services (2), population (1), indus­
try (3) infrastructure and tourist activities (7, 8),
suprastructure (9) and cultural resources (10).
Criteria 4 (employees in primary sector) and 12
(agricultural land) seem to separate from the oth­
ers in a third group.

Figure 4 presents the classification pattern based

16 11 13 15 11. 15 12 " 10 8 2 1 3 9 7 6

Figure 4. The classification pattern based on th e euclidean
distances among the 16 varia bles in th e five zones of th e island
of Rhodes. The nam es of the variables are given in Table 2.

on the euklidean distances among the 16 variables
in the five zones of Rhodes island. Two clusters
can be observed in 50 % similarity in the dendro­
gram . As in the ordination pattern, one of them,
the cluster to th e left, concerns environmental
quality, while services, population, suprastruc­
ture and touristic activities form the cluster to
the right. A third cluster can be observed in the
medium of the dendrogram consisting of criteria
12 and 4, thus the primary sector.

Figure 5 presents th e Principal Components,
where the variables appear in four aggregates. At
the top and the right of the diagram, variables
that concern population, hotels, marinas, services
and industry are aggregated together. The vari­
ables that characterise the quality of the marine
environment are found in the left quarter to the
bottom, while the variables concerning supras­
tructure (9) and distance (7) are found in the right
quarter to the bottom. The variables that refer to
the primary agriculture sector (4), agricultural land
(12) and beaches (13) are aggregated to the top
and left of the diagram. The two axes can be in­
terpreted as the environmental quality (the ver-
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tical axis) and the intensity of land use (the hor­
izontal axis).

Componen t 1
Figure 5. Representation of the variables of the system of
Rhodes in two dimensions by Principal Component Analys is.
The names of the variables are given in Table 2.
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The first Zone is without doubt the least probable
for agricultural development; tourism occupies the
largest part of employment and agriculture is not
important in this urban area. The results of the
multicriteria analysis indicate that the fifth Zone,
the southern area of the island, holds a high score
in all three multicriteria trials with different pri­
orities. Therefore, this area presents a land for
future exploration in regard to tourist activities
and agricultural development and allows for the
application of an integrated policy . The third zone
rates about the same; the fourth zone, the western
and mountainous part of the island, does not pres­
ent a development potential, i.e., suprastructure,
population and employment. The second Zone in
the northwest, presents a moderate profile in the
three multicriteria runs, and this can be inter­
preted as an indication that this area is going to
develop the same way as the first Zone unless a
different policy is applied.

Ordination and Classification techniques as well

9.

13
•4

•

DISCUSSION

Coastal areas face increasing pressures for de­
velopment which threaten coastal environmental
resources. Planners and policy-makers have be­
come aware of the need to integrate environmen­
tal issues in policy making. Recently, ecologically
sustainable economic development has become a
key issue in coastal management. The complexity
of coastal systems requires the adoption of inte­
grated coastal managing strategies focusing on the
resolution of conflicts among the various uses of
the coastal environment.

The island of Rhodes in Greece is a typical
example of excessive concentration of multiple
and conflicting activities in a small area. Moni­
toring studies in the area have shown eutrophi­
cation trends in the coastal waters of the city of
Rhodes (KARYDlS, 1992; IGNATIADES et al., 1992) .
Hence, an integrated approach to the application
of ecologically sustainable policies in the island
requires consideration of all the different aspects
of the socio-economic and the marine environ­
ment.

The present work had four main purposes: a)
to analyze the conflicts in coastal uses; b) to ex­
plore the potential for development of the differ­
ent parts of the island; c) to examine the effec­
tiveness of multivariate procedures and multiple
criteria analysis as integrated tools in coastal
management; and d) to assist the development of
guidelines for future planning and decision-mak­
ing in the area.

The island has been divided in five zones and
analysis concerns the major socio -economic char­
acteristics in these five areas as well as chemical
and biological parameters of the marine environ­
ment that indicate coastal water quality. Multiple
Criteria analysis by the Regime Method
(HINLOOPEN and NI.JKAMP, 1990) promoted the
most developed area (Zone 1) in the highest po­
sition, when there was no particular concern for
protection of the marine environment or for change
in the present economic activities in the island.
However, the analysis when priority is given to
environmental protection reduces the final score
of Zone 1 placing it in the worse position. The
development of the primer sector could be a fu­
ture challenge for the island, making it self-suf­
ficient in agricultural production and keeping a
balance in employment and economic activities.
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as Principal Component Analysis have been used
with the same data set as multicriteria analysis.
The results of the three different methods show
a clear distinction between intensity of land use
and environmental quality on the island, probably
as a result of the weak implementation or absence
of land use controls. This evidence is supported
by the findings of multicriteria analysis. In fact,
the MDS plot, the dendrogram and the PCA plot
resulted in two main aggregates, on the one hand
the variables characterising the quality of natural
resources and on the other the variables charac­
terising the intensity of land use. Future policy
for the development of the island should acknowl­
edge the necessity to link these above two com­
ponents in a coherent strategy of integrated man­
agement of coastal resources.

Multiple Criteria Analysis has proved to be a
powerful tool for a systematic analysis of complex
systems where quantitative and qualitative vari­
ables are involved. Multivariate techniques can
assist in the illustration of existing patterns of
interactions of the various components of an eco­
nomic/environmental system and the identifica­
tion of key factors in the development/environ­
ment interface. Therefore, both tools are valuable
in policy-planning for multidimensional systems,
for instance in coastal areas.
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