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ABSTRACT _

ARHONDlTSIS, G.: KARYDIS, lVI ., and TSIRTSIS, G., 2002. Integration of math ematical modeling and multicriteri a
met hods in assessing environmental chan ge in developing areas: a case st udy of a coastal system. Journa l ofCoast al
Research, 18(4 ),698-71 1. West Palm Beach (Florida), ISSN 0749-0208.

An integrated met hodology, based on the combination of a mari ne wate r quali ty model and multicriteria ana lysis. is
proposed as a new tool for addressi ng economic an d environmenta l issues fill' coasta l are as. The model consists of
three interacting components (terr estrial, hydrodynamic and biological submodols i , which are used to evaluate the
likely environmenta l impact of various economic development scenarios. Multicriteria Analysis combines the model
output s with socioeconomic values for the coast and through assignment of differe nt weights /priorit ies hy the user
provides a ra nking syste m fil l' these scenarios. The Gulf of Gera , Island of Lesvos, Greece, a semi-enclosed and sha llow
system surrounded hy a cultivat ed and inhabited watershed , was used as a case st udy fill' this method. Four scenarios
concerning the development of tourism, the construction of agr icultu ra l green houses, t.he cultivation of woody plant
species and th e development of animal husband ry were tested against the present condition of th e watershed I which
is primari ly dominated hy olive oil production J. The trade-off between increase d profits and environmenta l impacts
for these development scenarios was illustrated using Cluster and Principal Component Analysis. The results of these
ana lyses showed that tourism and anima l husban dry balance profits and environment al degra dation most effectively
and repre sent the most favorable future developmen t strategies fill' the study area. The present app roach can be used
as a supportive tool for policy-planners and decision-makers to quantify inter rela ted socio-economic and environmental
issues for th e sustainab le development of coastal a reas.

ADDIT IO NAL IND EX WORDS: Mult icriteria analy si s. coaslal management, integrated analys is, Medit erra nea n Sea ,
mathematical modeling .

INTRO DUCTION

Ma ny coastal areas are ex periencing increa sin g environ ­
me ntal pressures from a va ri ety of activities such as urba n­
izat ion , industri al iza ti on and to uri sm deve lopm ent. Va rious
factor s control these activities, so t h a t changes in demogra ph ­
ic, in dustria l, social a nd tech no logical pa tterns resul t in un­
ex pec ted econom ic and environ menta l rep ercuss ions often
leadi ng to a need to revalua te coa sta l ma nagem ent strategies
(LII' IATOU and CORNAEWI', 1999 ). A common problem for t he
developmen t of ecologica lly susta in able policies is the con flict
be tween environmental a nd resource man agem ent pri or iti es .
The interwined aspects of coa stal zone sus ta inability ca ll for
a new methodol ogical framework , whi ch cou ld for m t he ba si s
for bala nced env ironm enta l management (GOLlll :-.1 a nd WIN­
TERS, 1995 J. Thi s need elucida tes a ga p between ex perimen­
tal work a nd decision -m akin g, bec a use of t he incom pa tibility
of m ethods for po licy a nalysi s (CAI{1{A I{( ) a nd 8 INISCALC(),
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1995; T UHNEI{, 1999 ), The t ransfer of kn owledge from scien­
ti st s to decisi on-ma kers. industries a nd poli ti cians is a n im ­
portan t cha lle nge for our soc iety (T IIIEL, 1999 ),

T he com plex nature of dy na m ic eco logica l an d eco nomic
processes h a s bee n su ppor t ed by integrated mod el s, which
a re a powerful me t ho d to a na lyz e a n d to eva luate changes
in the environ ment ca used by h um a n act ivit ies such a s t he
con sum ption and product ion of goo ds and se r vices, r ecrea­
t ion or envi ro n me nta l protect ion measures (COLLAJ)()S a nd
D UANE, 1999 ), The effect ive ness a n d t he popu larity ofmon­
odi scipli nary mo del s , ba sed on ei t he r eco nomic facto r s or
eco logical principles , a rc h igh er t han mult idi sc ipli nary mod­
e ls (8 :\11'1' 11 EHS a nd 81\11 '1', 1997 ), However, mu ltic r it eria
cho ice methods , whi ch a ss ig n sco res to mu lti ple objectives
of a com p lex probl em and classify the objectives in a ranked
lis t . s hou ld be consi dered a s another potentia lly powerful
too l for poli cy a nalys is (M uN llA ct al., 1994; MAHT INEZ-AL­
II'; !{ ct al.• 1998 ), M ulticriter ia m ethods ca n cons ider a va ­
r iety of facto r s s im u lt a n eous ly whi le incorporati ng i n for ­
m a t ion ex pressed in met ri c a nd non-m etri c form an d attach
different weigh t prefe ren ces to t he varia bles (N I.!Ki\ 1\II' ct

al ., 1990 ).
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Tabl e 1. Sum mary statistics of ni trate, nitrite, ammonia, phosph ate, sil­
icate, organic nitrogen in ug -at / I, chlorophyll a in p.g/ It and total bacterial
num ber ill 10' cells / ml , ill the gulf of Gera, from June 1996 to October
1997.

Standar d
Parameter Range !\lean Value Deviati on

Nitrate 0.09- 2.57 0.55 0.37
Nitr ite 0.01-0.56 0.10 0.07
Ammonia 0.05- 6.62 0,91 0.98
Phosph at e 0,02-0.85 0.19 0.12
Silicate 3.09- 10.17 7.59 1.15
Organic Nitrogen 0, 17-27.99 7.93 4.06
Chlorophyll a 0.03-3 .07 0.98 0,59
Total bacter ial number 3:Jl - 1l45 655 162

ried out in a semi-enclose d marine ecosystem in Greece , sur­
roun ded by an ag ricultural a nd moderately developed water­
shed, The environme ntal effects of four scenarios concerning
the developmen t of tourism , th e constructio n of ag ricultural
greenhouses , th e culti va t ion of woody plant species and ani­
mal husbandry were tested with the modeL Multicriteria
analysis was used as a way to combine model outputs wit h
the socio-economic valu es of th ese scenarios to provide a
ranking sys te m based on appra isa l scores ,

Figure 1. The study area , the gulf of Ger a , Island of Lesvos, Greece. Th e
sa mpling sites of the mari ne (GGI- GG8) and the terrestrial ecosys tem.
(Land cover categ ories a re : I, cult iva ted olive groves; 2, ab andoned olive
groves; 3, maqui s; an d 4, wetlands. Letter s A, B, and C correspond to th e
a ltitudes of < 150 m, 150- 300 III and > 300 Ill, respecti vely.)

In the presen t study, an integrated methodo logy is devel­
oped to obtain a coherent ana lytica l fram ework allowing eco­
nomic goal s to be dir ect ly compared with environmental ob­
jectives , A mathematical model was used to assess alterna­
tive scenarios for coastal zone development. The model st ruc­
ture emphasized th e linkage between terrestrial an d aquatic
processes to objectively evalua te th e effects of hypothetical
changes in land use on water qu ali ty, A case study wa s car-

The Environment

METHODOLOGY

The Study Area

Thi s study was carried out in th e Gulf of Gera loca ted wit h­
in the Island of Lesvos, Greece, Th e Gulf of Gera is a semi­
enclosed marine ecosys te m with a mean depth of 10 m an d a
tota l volum e of 9 X 108 m" (Figu re 1), The surrounding 194­
km2 watershed is dominated by olive cultivation and is in­
habited by 7064 peopl e according to a 1991 census, Non-point
sources nutrient fluxes from agricult ura l run-off are substan­
tial, es pecia lly du rin g th e winter period when th ei r contri­
butions vary betw een 40 to 60% of the total inorganic nitro­
gen ii.e. th e limiting nutrient) loading to this ecosys te m (AR­
1I0 l\'DITSIS et al. 2000a), The most important point discharg­
es in th e water body un der cons ideration are untrea ted
dom estic wast ewater a nd effluent from local indu stria l act iv­
iti es, es pecia lly olive oil-processing by-products , Summary
sta tist ics of the che mical and biological information collected
from eight sampling sites in th e study are a (Figure 1), are
presented in Table 1. Th ese mean values are cha racteri stic
of a mesotrophic environment with eutrophic trends accord­
ing to a eutrophica tion classification sys te m for th e Aegean
Sea (lGNATIADES et al., 1992; KITSIOU and KARYDIS, 1998),

The te rre st r ia l ecosys tem is characteri zed by a nea r mono­
culture of olive trees , located mainly on terraced hill slopes,
Th ere is a trend in the Aegean archipelago for this agricu l­
ture ty pe to be combined or replace d by animal hu sbandry
(especia lly she ep and goats ) to provide increased incom es for
th e local farm er s (MARGARIs, 1992), Th e exposure of th ese
a reas to free grazing affects th e secondary plant species suc­
cession , reduces species diversity and leads to progressive
la nd degr ad ation , Th e damaged vegetative cover inten sifies
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soil ero sion and soil-wa te r loss , redu ces groundwater level,
increa ses nutrient fluxes, decr eases produ ctiv e ca pability and
ultimately resu lts in an ecosys tem which is unab le to regen­
erate (GIOUHGA et al ., 1998 l. It is th erefore clear th at bot h
the terrestrial and marine ecosyst em s encounter dist urbanc­
es that constitute severe long-ter m threats to the ecologica l
stability of the region.

The Ec o nomy

Olive cult ivation was a traditional monoculture that sus­
tained the loca l economy to a la rge extent. However, during
the recent decades , th e pro liferation of competitive substitute
products for olive oil, i.e. seed-oils, resul ted in an economic
declin e followed by a mass em igration of the in habitants to
continental Gre ece a nd abroad (MAI1(;AIWi, 1992 ). The size of
an average farm is a pproxima te ly 2.:3 ha , with 2 ha bein g
olive grove s. Th e cost of ag ricultura l products is high and th e
prospects for mechanization arc limited due to the mountain ­
ous terrain a nd the small size of t he farms. Furthermore, th e
imp lem entation of modern techniques, such as ir riga tion,
pruning, optimal application of fertili zer s and hand or chem­
ica l thinning of olive groves are th e exception rather th an th e
ru le in this area . Thi s fact is attributed mostly to lack of
knowl edge by th e local farmer s, to limited adv ice by th e De­
partment of Agriculture and to the low pri ce of olive oil,
which makes increased production u nprofitable (LOUMOLI ct
al., 2000 l. Th e Gro ss Margin per holdin g-the Gross Valu e
Pr oduct minus the Variab le Expen ses- is es t ima ted a t 2200
$US according to the ave ra ge annua l production during
1984-1994. In most cases th e gross margin cover s 25'!r of th e
average annual hou sehold expendit ure , es t ima te d at 9000
$U.S., whi le in specia l occasion s of high annual yie ld thi s
proportion doub les (LOUMOl! et al.. 200m. Consequ ently. se­
rious underemploym ent characteri zes th e ag ricult ura l sector,
which cannot en sure an income sufficient to cover th e needs
of a fami ly. Touri sm is less deve loped in thi s a rea, despite it s
positive economic impacts, compared with oth er areas of th e
is land due to substantia l em ployment in a local tannery. A
sma ll increase in touri sm occurred afte r th e late 1~J80's , when
this factory sus pended it s operation. Th us, th e loca l farmers
su pplement their income most ly as construction work ers and
as livestock breeders. Th e livestock of the area numbers
about 5500 sheep and goats .

In th e present study, a lte rnat ive man ageri a l schemes a re
te st ed to increase th e per capita incom e and to secu re eco­
nom ic and ecologica l sus ta ina bility. Data on the socio-eco­
nomic sys te m have been obtained through th e Prefecture of
Lesvos, the corresponding DEI'AHTl\I EJ\:T OF A(;11ICULTII11E
(1994 ) a nd the NAT IONAL TOlml SM O/( ;ANIZAT ION (199:3 ).
Values for the socioeconomic crite ria were based pa rti a lly on
re levant studies of th ese Departmen ts, using que stion naires
that took int o account va rious characte ris t ics of th e loca l pop­
ulation ti.e. age, education leve l, sex , annual incom e ). and
partially on the authors' own judgm ent resu lting from per­
son al communications with th e mayor of Gera a nd oth er local
authorit ies.

Devel opment o f Scenar ios

In general term s, no feasible scena rios-especia lly for short
tim e scales of inter est-could be developed by ignori ng th e
ex isting in fra structure, tradition a nd the natural resources of
th e area (N I.JKAMI' and VI11';I';Klm, 2000 ). Thi s imp lies th at
olive cult ivat ion a nd pluriactivity a re integra l parts in stra­
tegic act ion plan s focused on th e econom ic welfare . The first
propo sa l is a pa rti a l shift from olive oil to edible olive pro­
duction . This sh ift matches well-docum ented tr ends in do­
mesti c and foreign markets. Thi s shift would result in an in­
crease in th e net domestic product, since th e high er cost s a nd
demands for labor and natural resources are grea tly exceeded
by th e higher product va lues. Moreover, th e improvement in
olive oil qu a lity combined with a ppropria te marketing could
a lso resu lt in increa sed u nit profits . The env ironmenta l risk
is slightl y la rger than for th e pre se nt sit ua t ion du e to in­
creased a pplicat ion of ferti lizer s, insectic ides, orga nic sub­
sta nces used for the chemica l thi nning of t he olive trees and
grea ter ir rigat ion deman d. All thes e cha nges concerning the
cult iva t ion of olive groves and reorganization of whole agri­
cult ura l production , would be combined with the following
scena rios that tend to improve employme nt a nd provide sup­
plem entary incomes for th e local population .

Scenario I. (Emphas is on cattle br eeding )The first scena rio
is the development of the livestock breedi ng, which would
entail a tripling of the present average number of animals
per farm. The a nima l hu sbandry will mostly be catt le. shee p.
goats and pigs, whic h will be fed with fodder and farm-pro ­
duce by-products , whereas free grazing will be kept a t very
low levels. Moreov er, specia l emphasis shou ld be given to th e
breeding of poultry. a nothe r profitable sector th at is und er ­
developed in t he region . Thi s scheme propo ses a mild turn in
the local economy. which mean s rapid accommodation of the
local labor to changes of production and moderate invest­
ment s in infrastructu re and techni ca l know ledge. Th e most
significant drawback of th is plan is th e add itional enviro n­
ment a l pressure due to th e anima l manure a nd farm waste,
whi ch is a potentia l threat to both seaw ater and groundwa te r
quality (VALlE!,A c! al .. 1997 l. Furthermore. there is a pos­
sibility th at th e coexistence of competitive producer s on th e
sa me or neigh boring islands targeting the same market s,
could compromis e th e economic benefits of thi s sce na rio.

Scenario 2. (Cult iva t ion of woody plant species I An a lter­
native plan th at is a lso focused on the development of th e
prim ary sector is the cult ivat ion of woody plant species th at
prosper in a wide range of soil type s, temperature a nd mois ­
t ur e such as a lmond, fig a nd pomegranate t rees. These crops'
demands for fertili zers a nd labor do not exceed the require­
ments of olive groves. The sce na rio exploit s t he mou ntainous
zones of the watershed , where aba ndoned olive groves
abou nd a nd se vere prob lems of' erosion a nd soil degradation
exist (AI(J((lYO ct al.. 1994 ). Thi s cu lt iva tion is familia r to th e
local fa rmers a nd eas y to imp lement a nd will sus ta in soil
cohesiveness and productivity of th e terrestrial ecosyste m.
However, the fact t hat these trees ente r into product ion five
years after planting a nd th e im plicit long-ter m yield of th e
additional profits cons t itute an und esirable prospect for th e
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local habitats; furthermore, the expected increase in the per
capita income will not be large.

Scenario 3. (Construction of greenhouses) This scenario is
the construction of greenhouses on abandoned olive groves
having a slope of less than 15fJrl. This proposal emphasizes
the cultivation of crops such as tomato, cucumber, pumpkin,
melon, okra, and aubergine in order to satisfy the needs of
Lesvos as well as neighboring islands such as Limnos and
Chios, where these types of crops do not currently exist. This
plan would result in an increase in the net domestic product,
since the higher production costs and higher demands for em­
ployment will result in higher values per unit product. How­
ever, there are some shortcomings due to i ) the lack of tech­
nical knowledge by the local farmers, and ii ) some unsuc­
cessful past experiences, with the production of flowers,
which have made the local population hesitant to pursue re­
lated enterprises. The environmental threat is due to in­
creased consumption of natural resources (water), the appli­
cation of fertilizers, herbicides, fungicides and soil disinfec­
tants such as the methyl bromide (SHOHTLE and DUNN,
1991). However, the cost of greenhouse-construction is cov­
ered to a large extent (:::::::50(}jl) by European Union subsidies.

Scenario 4. (Development of tourism) The natural environ­
ment of the area, the high quality of swimming beaches, the
mild climate, the local mineral springs and the presence of
historic and cultural sites can facilitate tourism development.
According to this scenario, the farmers will provide tourism
services and supply rental rooms and furnished apartments.
The perspective is that the area could host about 15.000 tour­
ists from June to September, which is a doubling of the cur­
rent number. Furthermore, the peak of the agricultural ac­
tivities during winter and spring does not coincide with the
peak summer tourism season. Consumption of local agricul­
tural products by tourists would be a further incentive for the
improvement of their quality leading to new trends and prod­
ucts in the primary sector (WUNDEH, 2000). Additional ad­
vantages for tourism development are the good telecommu­
nication and transportation infrastructure, accessibility to
the local airport and recreation areas. On the other hand,
there are some substantial problems with this scenario such
as deficiencies in the existing infrastructure, since the region
is totally underdeveloped for tourism. Moreover, the lack of
adaptability and special skills by the local inhabitants to cope
with tourism may add to this problem. Finally, the cost of
this scenario is rather high, but this would be moderated by
the subsidies from the European Union, which would cover
50-757r of total investments.

The Mathematical Model

The simulation of marine ecosystem functions was done us­
ing an integrated modeling approach, that consisted of three
interacting components, i ) the terrestrial, ii ) the hydrody­
namic and iii) the biological submodels (AHHONDITSIS et al.,
2000a). The flow diagram of the model is shown in Figure 2.
The experimental procedure and the statistical analysis of
the data revealed that the effects of the stratification were
insignificant and the seawater column was characterized by
a vertical homogeneity (AHHONDITSIS, 1998). Therefore, it

was assumed that the 2-D perception of the system would
sufficiently describe the dynamics of the system.

The Terrestrial Submodel

The terrestrial non-point fluxes of nutrients and organic
carbon, concerning both the present condition and the hypo­
thetical scenarios, were estimated by using a modification of
the loading function approach (HAITH and TUBBS, 1981). The
concept of the model assumes that non-point nutrient loading
is the product of interactions between the topography, hy­
drology, plant cover and agricultural practices of the catch­
ment area. The agricultural land surrounding the water body
was divided into unit source areas, using a 0.25 X 0.25 km
grid, the contribution of each grid-cell being independent to
the total nutrient export from the watershed. Figure 1 pre­
sents the dense sampling network used for the study of spa­
tial and temporal distribution of nutrient concentrations and
their variability among the various land-cover categories (AR­
HONDITSIS et al., 2000b). Furthermore, the discrimination of
the cell-characteristics such as soil, crop, management and
topographic properties was done using GIS (Arc/Info, Envi­
ronmental System Research Institute, Inc.) and Landsat The­
matic Mapper (TM) images, using unsupervised and super­
vised classification (HATZOPOULOS et al., 1992). The evalua­
tion of the scenarios was obtained by replacing the current
with the proposed land uses in the appropriate cells (Table
2), and further applying the loading functions. The nutrient
fluxes from sewerage, the local industrial activity, and at­
mospheric wet and dry deposition were also incorporated in
the model by using theoretical coefficients in combination
with experimental observations for the study area (MAR­
CHETTI and VERNA, 1992; WERNER and WODSAK, 1994;
MEDINETS, 1996; HERuT et al., 1999). The terrestrial sub­
model was run with a time step of one day and the nutrient
and organic carbon loading to the marine ecosystem were es­
timated on a daily basis. These loadings were used as an
input for the biological submodel describing the flow of en­
ergy through the microbial components of the marine ecosys­
tem.

The Hydrodynamic Submodel

The Princeton Ocean Model, a free surface and sigma co­
ordinate model, was applied to simulate the hydrodynamic
regime of the study area (MELLOR, 1996). The 2-D mode of
the model was deemed sufficient due to the similarity be­
tween the circulation pattern of the upper and bottom layers
(ARHONDITSIS, 1998). In this case, a rectangular grid was
used with cell dimensions of 330 X 330 m and the boundary
conditions between the study area and the open sea, were
specified by the calculation of tidal forces. It was assumed
that the resultant tidal forces, can be considered as the sum
of a number of simple harmonic constituents, each one re­
flecting the motions of sun and moon and having its own
characteristic period, phase and amplitude. Wind stresses
have been also taken into account using Wilson's equation
(WEIYAN, 1992). The hydrodynamic submodel outputs, which
was run with a time step of one day, were used as inputs for
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Te rre strial
submodel

(a)

EXOGENOUS SOURCES
OF NUTRIENTS

(h)

Figure 2. a : The flow diagram of th e model: the terrestria l submodel es t ima ting the input of nutrien ts and orga nic carbon from poin t and non-point
sources . th e hydrodyn am ic submodel qu an tifyin g the t ra nspo rt of nutrients and organic ca rbon and th e biological submode l consis t ing of four spa tia l
compa rtment s a nd intera cti ng with the open sea . b ) The flow diagram of the biological submodel (PHYT. BACT and ZOOP. the phytopla nkto nic. bacter ial
and zooplanktonic biomasses. respectively I.

the eutrophica t ion su bmode l in order to es t ima te th e nutrient
and orga nic carbon transport due to th e seawate r circulation .

The Biol ogical Submodcl

Thi s comp onent consisted of four spa tia l compartme nts
shown in Figure 2a, th e northern , th e western , the easte rn
a nd th e central comp artment in relation to th e morphological
and dem ographic characteri sti cs of the surrounding water­
shed. A fifth spa t ia l compartment, charact eri zing th e oligo­
t rophic waters of the Aegean Sea , ha s been used for th e def­
inition of th e boundary condit ions IAHHONI> ITSIS et al.,
2000a). The nitrogen a nd ph osphorus excha nge at th e sea­
water -sediment interface were also incorporated in th e model
usin g exist ing empirica l formula tion s (J ACOBSEN a nd J OI{­
GF; NSI'N, 1975 ; !<AMP-NIELSEN, 1975 '. The ene rgy flow
through th e microbial food web was described by seven sta te
variables as socia ted with th e first stages of th e eut rophica­
tion process: th e phytoplanktonic (PHYTJ, zooplanktonic
(ZOOP) and bacteri al (BACT ) biorna sses, nitrate INO) , am-

moni a (N H,.>, phosphate (PO .) and dissolved organic ca rbon
moc) concentrations (Figure 2bl. The seven differ ential
equa tions describing temporal variation for th e state vari­
ables are rep orted in Tab le 3. Two physica l factors were tak­
en into account for th e development of th e model, th e sola r
ir ra dia nce a nd th e nutri en t/or ganic carbon excha nges among
th e spat ia l comp artmen ts du e to advect ive and diffu sive
transport. Ph ytopl anktonic growth dep end s on light ( <.pI.T ), ni­
tro gen (<.p ~.,,\) and phosphorus (<.p I') a vaila bility and on th e max­
imum specific growth rate (Pro). On th e oth er hand, phyto­
planktonic losses are assumed to be du e to exuda tion ('I ), zoo­
plankton graz ing (G,,) and mortality (m,,), which is tran s­
form ed in to DOC (m",,), ammonia (m,,,,) a nd phosph oru s (m",,)
fractions. According to thi s model, bacteri a l gro wt h depend s
on th e availability of dissolved organic nitrogen ous com­
pounds (U, ) and ammonia (U) , whereas exudation Ie,,), mor­
tality (m,,) and zoopla nkt on grazing ( G,, ) a re t he most impor­
ta nt bacteri al loss factors. Th e zooplankton growth is based
on consumption of phytopl ankton and bacteria. The grazing

-Iou rna l of Coastal Resenrch , Vol. 18. No. 4, ZOOZ
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Ta ble 2. Land ("o Cf'1' cll /('j.!oriex in till' rntclnncn t area oj" Geru , ('OIlC<'I'II ;" /-! I II(' pn ·xrnt condi tion a nd the [our al tcrnat iiv ma nagement practi ces orth e
uatershcd.

Lan d ('0 \'(.'1'

Olive grove»

Cult iva ted
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Urban areas "
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Woody spec ies

Green house cu lt iva t ion s

Tot a l

Prt':-, t.·nt Con d it ion
An -n rkm' :

75 .7 1
1:3!J.02'.' I

40.7H
(2 1.02' ,1

H.:17
14.a :3':' I
(;2 ..1 2

(:32 . 17' , 1
li .7:3

1:1..1fi';'1

Em pha s is 0 11

Cat t le-Breedi ng

93.04
14 7.!-)5') I

30 ..10
115.6 7'" I

H.:37
14.3;3';' I

55.47
12H.59'.1 I

6 .7:1
1;1..16'., I

Cult ivat ion of
\Voody Spt'l·it.' :-'

74 .47
1:IH.3W, ,
27..1:3

114.14'., I

H.:17
14.:3;3'., )
41.liH

12 1.47'., I

6.7:1
1:1.46' ;' I
:15.:15

11H.2 2" I

19 4.0 1

L'uns t ru ctiun of
Gn-euhou sos

7:l.95
1:3B.I I '.' )

17.66
19. 11'., I

8.:17
14.:3:1'., I

5H.!J3
130.:17'., I

6.7:3
1:3..1 W;' 1

28 .:37
114.62';' I

Developm en t of
Tour ism

75.7 1
I39.02'k 1

32 .60
1 1 6.82~' I

16.55
18 .53r;, I
62..12

132. 17"'" I
6 .73

13 ..1W;' 1

" Includes a reas with a coexi s t ing a nima l husb and ry of t he domestic typ e .
" Includes to u r ist ic area s with hotel s . rented rooms . etc.

rat es G" and G" are multiplied by th e coefficients as " and as ",
which reflect th e equiva lent a ss imila t ion efficiencies. Zoo­
plankton biomass losses a re du e to excret ion (e. ) and mortal ­
ity (m. ) including the grazing by higher predators in th e tro­
phic chain. Moreover , th e products of th e zoopla nkton metab­
olism were assumed to constitute indirect sources of ammo­
nia (e"" ma , ) and dissolved orga nic carbon (e"" m", ). Th e
equat ions a nd th e param eters expressi ng the phytoplankton­
ic and bacteri al uptak e and th e zoopla nkton grazing rates are
described in Tab le 4. The ch lorophyll a content of th e phy­
toplanktonic cells was converted to ca rbon ass uming a C/chln
ratio of 50. whereas th e dissolved orga nic carbon concent ra -

Ta ble 3. The se['{' 11 dif[erent iul eoutttum» describing the temporal varia ­
tion« of the ., /0 /" rori obles»,

dPHYT/dt = IPr o X <I., ., X <I>" , X <I.,. X ( I - 'II - m" - k" , 1 X PHYT -

G" :!: P HYT ,..",,,
dBA CT/d t = IU, + U, - m., - 1'" - k" , 1 X BACT - Cl" :!: BACT""""
dZOOP /d t = a s" X G,. + as. , X G" - (e, + m .i X ZOO I' :!: ZOO P,.."""
d DGC/d t = (P ro X <I..vx X <1> 1.'r X <I>,. X 'I + m",,1 X PHYT + Im,<I , - V , I

X BACT + Ie", + m",1 x ZOOP + DOC" " + DOC,.",,, +
DOC",•."" + DOC""" :!: DOC,...",,.

dN H3/dt = - Ia "",," :< <I•., - m",,1 X PHYT t- 1m"" + l',. - U" X BACT +
(e", + m ,,1 x ZOOP + N H3_,." t- N D:J,•."" + NH:J",."", +
l\ H:J""" :!: N H:3..,,,,,,,

d ,,03/d t = - a "." , x ~ " X PHYT + NO:3"." + NO:l,",,,,, + N0 3",•."" "­

N0 3""" :!: N0 3,..",,,
d P04/d t = - (a "",," X <I.,. - m",,1 X PHYT + 1'04,,", + 1'0 4 ,•.,,,, + 1'04",..""

+ 1'0 4""" :!: 1'0 4,..",,.

., Th e s ubscr ipt s x..d. p O;III . "1'0;"1. 01111 , ind icn te the fluxes fro m th e sed ­
ime n t. t he point. non-point terrestrinl sOUITes a nd t he a t mo sphere. re­
s pect ivc ly. T he su bscr ipt ('() lIIp indicat es t ill' t ra nsport processes a mong
the spa t ia l comp a r tme nts of t he s t udy area . Th e d iffe ren t ial eq ua t ions of
t he west e rn compartment include a n a dd it iona l te rm des cr ibin g th e in ­
teracti on s of the com pa rt men t with th e open sea.
" a ".". = Pro X 0.071393/C : N ratio for phy top la nk ton . express ing the con­
ve rs ion ratio of inorganic nitro gen to phv topl nnktoni c biomass . a l,,'I' = Pro
X 0.03 2258 /C : I' rati o fin' ph vtoplan kton . l'xpressin/-: th e con ve rs ion ra t io
of inorgan ic pho sphorus to phy topla nktoni c biom uss .

tion is computed from the dissolved organic nitrogen data
availa ble, using a C:N ra tio of 5.6 lR F.D FIELD et al., 1963 ;
FASIlAi\t et al .. 1990 1. Th e set of ordina ry differential equa­
t ions defining t he biological a nd chemical processes in th e
four compartme nts of th e biologica l submode l was integrated
with a four th-ord er Runge-Kutta a lgorithm. Th e simula tion
was ru n with a time step of one day until th e achievem en t of
a steady-sta te annual cycle, whereas th e calibration of the
model was based on th e "controlled random search" method.
Th e model is not very se ns it ive to in it ia l condit ions and it
took 3 years to achieve a steady sta te. Finally, th e extent to
which un cert ainties in th e values of param eters influence th e
equilibrium value s of th e state variables examined using a
se ns iti vity a na lysis.

Th e two -sided Kolmogorov-Sm irnov test has shown good fit
betw een experimental an d simula ted data over the six inter­
nal sta t ions (Ta ble 5). Moreover, th e parameter va lue s and
further detai ls about thi s model const ru cti on are repo rted
else where (AHIIONDITSIS et al ., 2000 a l. Th e well-documented
efficiency of th e mode l to qu antify th e dyn amics of inorganic
nutrients-phytoplankton-bacteria-zooplan kton a nd organic
ca rbon relat ionships supports the view that it is a reli abl e
meth odological tool for the assessme nt to coas tal marine eu­
trophication. Thi s inference was suppor ted by th e results of
th e sens it ivity ana lysis indicatin g that th e model reacts with
stability to the un certa in ties of th e model parameters; and
a lt hough its ecological st ructure is highly aggrega te d, a sig­
nifican t increase in the number of biotic comp artments i.e.
discrim ination of phyt opla nkton or zoopla nkton taxonomic
subclasses. is unlikely to improve our understanding of in­
tercon nected terrestrial and marine processes (ARHONDITSIS
et al.. 2000a l. Thus, this integr ated modeling approach should
be considered a realistic reproduction of the dynamics of th e
coasta l marine ecosys te m a nd can be used for an objective
testi ng of a ltern at ive scena rios.
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Table 4. The equat ions and the parameters cxp rrx.-; ;"U I//(' phvt oplan toni r and bru-terurl npto h« and I!I(' zooplunhton urazill!-f rute x.

Proce ss ExpJ'l.'ssion Paru nu -u-rs

Light limi ta t ion

Ph y topl a nk ton

'f l.'! = lu lt l -I 1I1, 1/11 + l · exp i - k ·z l/l , IJ/(k ,z l I, : t he hal f sa tu ra t ion light inte ns ity
k : t he maxi m um dep th
z: t he ligh t ext inctio n coe fficien t

Nit roge n limit at ion
NH : the h alf sa tu ra t ion cons ta n ts fill' nit ra te
AH: th e ha lf sa tu ra t ion constant s for a m mo nia
'I': t he s t reng th of t he a mmoniu m inhi hit ion on ni t ra te

u pt a ke

Phospho ru s lim ita ti on
1'0 ,

'fl' = PO , + PH
P H: t he ha lf satu rat ion cons ta n ts for phosphate

Bacteri a

Nitrogenous substrate S - mint Nll. " X DO1\'1 r-: the ra t io of ba cte r ia l ununo niu m up tak e to DON u p­
ta ke

DON uptake

Am mo nium u pta ke

a' \I' X DO N
V , = DH + S + DO N

Hi ll ) x S

a ll ll : the maxim um bacte r ial u ptn ke ra te

DH: t he hnl f-sut u rn ti on cons ta nt for bacteri a l uptak e

Zoop la nk ton

Grazing ra te on phy topla nkton
p , .PH YT

G" = ,, ·ZOO p · - - - -
h K, + F

I' HYT
p , = p HYT + BACT

g: t lu - ma xim um s pecific growth rat e

Grazing rate on bacteria
p.,· BACT

G" = g .ZOOP.~
BACT

p, = PH YT + BACT
l{ / : t he hal f-saturat ion cons ta nt for zoopla nkton graz ing

sca ling, a nd one subset with crite ria as ses sed on a cardina l
(me t ric) scale. Th ese subset s are denoted as () and C, where

Th e differences between t he scena rios are expressed by
mea ns of two domin an ce measures: a dominance score H i i for
the ordinal criteria and a dominan ce score a .; fill' the cardinal
crite ria . Th ese scores rep resent th e degree to which scena rio
i domi nates the scena rio i ', and they a re expressed by th e
following formul as :

Ij li tak es ordina l va lues ] a nd

Ij li tak es cardina l va lues ]

(3)

(1)

( 2)

1, 3, 5, . . .c

()

C

where

Multicriteria Analysis: The Evamix Approach

Th e Eva mix approach represents a simple meth od by
which multicriteria mixed data sets of both metri c and non­
metri c form are condensed in a st ra ight forward manner . Fur­
th ermore, an additional advan tage of this meth od is tha t it
allows for different priorities a mongst the cri teria ; a useful
prop erty since qui te frequen tly some crite ria are mor e im­
portan t than ot hers, reflecti ng the different needs and objec­
t ives of societ ies ( N I.JKAM I', 1989 ).

Th e start ing poin t of the Evam ix appr oach is a n impact
matrix E with elements eu, where i (i = 1, , I ) in the
presen t work repr esen ts a scena rio a nd j (1, , .J) a n eva l-
uation criterion. Th e set of cri ter ia ca n be divid ed into tw o
subse ts: one subset includ es crite r ia qua ntified on an ordinal

Multivariate Methods

Ta hle 5. M odel calibration : Result» o( the Tt rn-Siclec! KO! lI/ oUIJI'm'-S lII i m m' (;oor!lI" ss-orFi l tes t !",I II ''' ' '11 I'XI'I'l' ;II/ I'II I I1! an d «im ulatcd rol uc» o( the sta ll"

oaria bles . at the six intern al station» o( the UII!(:

St atioll:-'

St at e-va ria bles G(; :) W; ·I nC;f> ( a iH ( ;G7 (;( ; 8

Ph yto plan kt on ic biom ass O.:JIl'" O.ls T 0 .22;"" 0 .20:1" 0 .2:J;" 0 .202 '
Bact e ri al biom a ss 0 .:l5W 0.211j" 0.:129 ' 0 .2:;9* 0 .:190* 0 .:124 '
Zooplankton ic biomass O.:J15'" 0 .194'" o.sss- O.2 l5'" O.:Jsl '" 0 .19 1'"
Ni t rate concen t ra t ion 0.220 " 0 .21 2 ' O.:J:{4" 0 .2:1:)" 0 .11,1' O.25 W'
Ammonia concentration 0 .:1;'2'" O.;':J;' O.!i:)2 O.4(j:)" 0 .22;" 0 .;' 18
Ph opshate conce ntratio n 0 .;'25 0 .4;'2 ' O.2:lW' 0 .29 ;' " 0 .2:11" 0 .49;'
DOC concen t ra t ion 0 .:J12 " 0 .:J02'" O.29 :V 0.154* 0 .21 2'" O. I:J2 "

,', Good accorda nce bet ween s im u lated a nd expe ri menta l da t a a t the (l.();' lev el of s ign ifica nce.
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Table 6. Su.mnuirv statistics ofnitrate, ammonia, phosphate, organic ni­
trogen and chlorophyll a describing the hypothetical properties of the gulf
of Gera, as a consequence of the four scenarios.

+ 1 if e ii > ei'j

o if e i.i = ei'i

-1 if eij < el'.i

(4)

Variables Scenario II' Scenario 21, Scenario :3" Scenario 41>

Classification

The higher the score for s, the better scenario i will be for the
given weight set w. i '

Principal Component Analysis

Principal Component Analysis (PCA) is a well-known and
popular statistical method that looks for a few linear combi­
nations, which can be used to summarize the data, losing in
the process as little information as possible. This attempt to
reduce dimensionality can be described as "parsimonious
summarization" of the data (MAHDIA et al., 1997). In the pre­
sent work, the Principal Components were the characteristic
eigenvalues of the Covariance Matrix, of the original vari­
ables.

RESULTS

Summary statistics of the chemical and biological param­
eters describing the hypothetical (simulated) properties of the
Gulf of Gera, as a consequence of the application of the four
scenarios to the model, are reported in Table 6. It can be seen
that animal husbandry resulted in the highest concentrations
of inorganic nutrients, organic nitrogen and chlorophyll a, fol­
lowed by the agricultural greenhouse scenario. The tourism
development scenario had intermediate influences, while the
"cultivation of woody plant species" scenario resulted in sim­
ilar marine ecosystem properties compared to the present
condition. Standard deviations were relatively small and cov­
aried with mean values.

The model suggests that the circulation pattern of the Gulf
of Gera and especially exchanges with the Aegean Sea are

The hierarchical sorting strategy for the development of den­
drograms was the group average sorting. This method joins
two groups of samples together at the average level of simi­
larity between all members of one group and all members of
the other (PIELOU, 1984), All values have been standardized
prior to the analysis, a necessary procedure for multivariate
methods, so as to permit the comparison of variables with
different dimensions (SNEATH and SOCAL, 1973).

Nitrate (IJ-g-at/l)

MAV" 0.72 0.54 0.62 0.60
8D" 0.46 0.31 0.38 0.37

Ammonia (lJ-g-atl1)

MAV 1.01 0.90 0.95 0.97
SD 1.02 0.88 0.97 0.99

Phosphate (lJ-g-atl1)

MAV 0.27 0.20 0.22 0.26
3D 0.] :3 0.11 013 0.14

Org. Nitrogen (lJ-g-atl1)

MAV 8.23 7.89 8.05 8.07
SD 4.23 4.01 4.12 4.15

chI a (lJ-gl1l

MAV 1.12 0.96 1.05 1.07
SD 0.65 0.55 0.62 0.63

" MAV: mean annual values; SD: standard deviation.
h Results from the simulation model.

(9)

(8)

(5)

(10)
;)

EDjk = L (Xii - Xik)~
i 1

[:" -a
] d

ll
,

= [a,,- a]bu - 0.5 - 0.5 and (6)
- a a - a

w. =L Wi We = L w· (7)
.1

i- () i' ('

This measure reflects the degree to which the scenario i dom­
inates scenario i ' for a given set of criteria and criterion
weights. The final ranking of the scenarios is based on the
determination of the appraisal score s, for each scenario. By
assuming that the mean of the appraisal scores s, is zero, the
following expression can be obtained:

where ex and a are the lowest qualitative and quantitative
dominance score of any pair of alternative scenarios (i , i '), (X'

and a' are the highest qualitative and quantitative domi­
nance score of any pair of alternative scenarios (i, i "), w() and
We are the total weights of the qualitative and quantitative
criterion sets 0 and C. Thus, the overall dominance measure
m.. for each pair of alternative scenarios (i, i ') is:

Numerical classification (cluster analysis) was performed
based on the Euclidean distances among the criteria scores j
and k of each of the i scenarios:

eij represents the score of scenario i and criterion j and w.i the
weight attached to criterion j. The symbol c denotes an ar­
bitrary scaling parameter, for which any positive odd value
may be chosen, whereas even values are not allowed since
this would distort the various signs. The larger c is, the less
influence the differences between the alternatives based on
minor criteria will have on the value of the dominance mea­
sures. The scores employed in the quantitative criteria have
to be standardized (0 < e i.i < 1) (NI.JKAMP et al., 1990). Fur­
thermore, the rankings eij of both the qualitative and quan­
titative criteria should have the same direction, i.e. a higher
score implies a better result. Since (Xii' and a., will have dif­
ferent measurement units, a standardization into the same
units is necessary, because otherwise comparison can not be
made between the outcomes of these two expressions. In the
present work, the standardized dominance measures were
obtained by the subtractive shifted interval technique, based
on the following formulas:
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plicated dynamics, since it is influenced by both exogenous
point and non -point nutrient loading and by interaction s with
the open sea . During th e winter peri od, th e ambient temper­
ature and the inflows of th e colder runoff mak e thi s sha llow
gulf den ser th an th e exte rnal sys tem. Thi s regim e in combi ­
nation with th e semi-enclosed character of th e gulf limit th e
exchange oligotrophic water s from th e Aegean Sea. In thi s
period, exogenous non-point nutri ents accumula te in th e sea­
water body and th e pr edicted nutri ent concentra t ions had
seve ra l peak s resu lt ing from event-base d nutrient fluxes
from the terrestria l ecosyst em . Th e anima l hu sbandry and
the greenhouse cultiv ation scena rios were cha rac te rized by
high concentra tions of nitrate (5.0- 7.0 f.lM l, ammonia (1.5­
2.0 u.M) and organic nitrogen (12-14 u.M) with threefold or
fourfold increa ses over pr esen t concentrations. However ,
th ese nutrient pul ses did not alw ays resu lt in simila r increas­
es in a lgal biomass, which was most ly limited by phy sical
factors such as light inten sity and temp erature (ARIIONIlIT­
S IS et a!', 2000 a ), Th e autotroph ic microor gani sm s th erefore,
did not uti lize a major fraction of th e nutrient stock and th e
ecosys te m is protected from serious phytopl anktonic blooms
« 80 mg elm") during the winter period. The pr edicted high
nutri ent concentrations and th e moderate respon ses by th e
primary pr oducers, during th e winter period, confirm ed thi s
conceptual scheme . Thi s situa tion is reversed gradually until
th e summe r, when significant inflows of the oligotrophic wa­
t er s of th e Aegean Sea have a nutrient di lution effect. During
th e summe r, excess ive nutrient load s are flushed out of th e
Gulf of Gera and seawate r is renewed on average eve ry ten
days, es pecia lly under favorable physica l condit ions Ispring
tides , north wind s ), Thi s resu lt s in low nutri ent concentra ­
tion s during th e summer period when light and temperature
do not limit a lga l growt h and blooms are most likely.

Th e va lues of fifteen crite r ia, describing th e presen t con­
dition and th e potentia l env ironmental a nd socio-economic
cond itions of the Gulf of Gera after imp lem entation of th e
four alte rnative scenarios, a re pr esented in Tab le 7. Nutri­
ents and chl lY values are numerical , but have been given an
opposite sign in ord er to conform to th e idea of "th e gre ate r
th e value , the mor e fa vored the criteri on". Th e rest of th e
variables are expressed on a n ordina l sca le- which is exte n­
sively used in environme nta l policy analysis (NI,JKi\MI' et a!',
1990 )-from 0 to 4 with 0 representing the least favorabl e
condit ion . It was considered that the ordinal ranking of th ese
criteria wou ld be more appropriate and reliab le th an assign­
ment of literat ure based va lues expressed on th e cardinal
sca le, since the st udy dea lt with the relative rather th an th e
qu anti tative differences for th e sce narios. Th e crite r ion "labor
requirem ents" refer s to th e desire to decrease local un em­
ployment. The present management of th e area gave th e
most unfa vorable result for thi s crite rion . Th e crite rion "vi­
ability of th e scena rio" cha racterizes th e coexis tence of com­
petitive producers in neighboring places and th e perspectives
of th e cons umpt ion demands i.e. "the products of th e scenar­
ios cor respond to a temporary or to a well-est abl ished habit
of the cons ume rs (an ind ex of stability a nd sec urity of th e
sce na rio)?" a nd "how easily th e producers can adjust in an
altern ative future consumption trend s?" The "easiness of im­
plementation" contain s some ba sic ideas such as i ) the differ -

A
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important facto rs for th e fun ctioning of th e marine ecosys tem
and for th e temporal vari abi lity of th e various che mical and
biological sta te vari abl es (ARHONIlITSIS 1'1 al .. 2000a l. Th e
simula ted annua l cycles of four state vari ab les of th e model
in th e west ern compa rtment, under th e four propo sed man­
agement practi ces of th e watershed in compari son with th e
present condition , a re shown in Figure ;{ . Similar resu lts
were observed for all of th e spa t ia l compart ments of th e mod­
el. Th e pre sentation of thi s parti cular site was due to it s com-

Figure 3. Simu la t ion results of 1<11 ni tr a te. rh : ammonia. le i phosp hate
concent rations and Idl phytoplanktonic biomass in th e weste rn compa rt ­
ment of the study area. according to tbe pr esent cond ition IPC I of th e
gulf of Gera an d th e four a lte rn at ive scenarios IScl -Sc4 1.
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Table 7. The values of the fifteen criteria, describing the present condition and the potential enoironmentol and socioeconomic aspects o] the gulf o] Gera,
alter the implementotion o] the lour alternatioe scenarios.

Emphasis on Cultivation of Construction of Development of
Criteria Present Condition Cattle-Breeding Woody Species Greenhouses Tourism

Socioeconomic aspects

1. Gross margin per capita 1 2 2 4 4
2. Cost of implementation 4 3 3 2 1
3. Existing infrastructure 4 3 2 1 1
4. Labour requirements 1 2 2 3 3
5. Viability of the scenario 0 2 3 2 3
6. Easiness of implementation 2 3 2 3 2
7. Related activities and consequent prospects 0 2 1 3 4

Environmental aspects

8. Pollutants not incorporated in the model* 3 3 2 1 3
9. Preservation of terrestrial ecosystem" 0 2 4 2 1

10. Consumption of natural resources* 3 2 3 1 1
11. Nitrate (I--lM) -0.55 -0.72 -0.54 -0.62 -0.60
12. Ammonia (I--lM) -0.91 -1.01 -0.90 -0.95 -0.97
13. Phosphate (I--lMJ -0.19 -0.27 -0.20 -0.22 -0.26
14. Org. Nitrogen (I--lM) -7.93 -8.23 -7.89 -8.05 -8.07
15. chl a (p.g/l ) -0.98 -1.12 -0.96 -1.05 -1.07

::: The values for these criteria were based on the references cited in the respective part of the text (Development and scenarios) and on the authors; own
judgement.

ences between the existing technical knowledge, traditions
and habits and innovative requirements, which determine
the ability of the local population to deal with a new economic
model, ii ) the time-scale of the return, considering that a
short-term return is more desirable. In this particular crite­
rion, the present condition was attached to the ordinal num­
ber (2), which reflects the moderate easiness of introducing
innovations in the area and the reluctance of the local inhab­
itants to drastically change their way of life (GIOURGA et al.,
1998), Finally, the criterion "related activities and conse-

o _

10 J

20 J
30 J

~- 40 J
~

J
H

~ 50

~ 60 J
[,;"J J70

80 J

II90 J
100 J

12 15 11 13 10 B 9 3 2 6 1 4 7 5

Figure 4. The classification pattern based on the euclidean distances
among the 15 variables used for the evaluation of the present condition
of the gulf of Gera and the four alternative scenarios. The names of the
variables are given in Table 7.

quent prospects" refers to services, commerce, marketing
prospects and other productive activities simulated by the ba­
sic functions of the scenarios.

The classification pattern based on the Euclidean distances
amongst the 15 evaluation variables is illustrated in Figure
4. The variables that characterize the quality of the marine
ecosystem appeared as an entity with 90% similarity, while
their combination with the three environmental criteria (8,
9, 10) forms a rather coherent core with a mean similarity
level of 70%. By contrast, the gross margin per capita (1), the
labor requirement (4), the viability of the scenario (5) and the
related activities and consequent prospects (7) describing the
future socio-economic perspectives of the scenarios, are
clumped into a single group to the right. Furthermore, a third
cluster can be observed in the mid region of the dendrogram
consisting of criteria 2 (cost of implementation), 3 (existing
infrastructure) and 7 (easiness of implementation), that is the
variables that characterize the present socio-economic prop­
erties of the study area.

The Principal Component Analysis, which provided results
very similar to Cluster Analysis, divided the variables into
four clusters (Figure 5). At the upper right hand side of the
diagram, marine environment quality variables are clumped
together. In contrast, the remaining environmental variables
such as the consumption of natural resources (10), the quan­
tities of pollutants that are not incorporated in the model (8)
and the preservation of the terrestrial ecosystem by the pro­
posed management practices (9), are scattered throughout
the plot. The cluster in the upper left hand portion of the plot
is similar to the above-mentioned upper right cluster of the
dendrogram, concerning the future socio-economic results of
the scenarios, whereas the present conditions are found at
the bottom of the diagram. The two axes can be interpreted
as the environmental quality (the horizontal axis) and the
socio-economic values of the developmental strategies (the
vertical axis L
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Figu re 5. Rep resent atio n of the va r iables of' the sys tem in two dim e-nsions hy Princi pa l Component Annlyxix. Th e na mes of th e va ria hlcs a re given in
Tab le 7_

Tab le 8 presents th e results of th e mu lti cri teria analysis ,
based on the Eva mix a pproac h. In Tab le 8(a ), a ll criteria have
been given equal prioriti es. Scenario 1 is cla ssified first in
the ranking list , followed by scenarios 4, 2, and :3 in descend­
ing ord er. Thi s ana lysis sugges t th a t a parti al reo rienta t ion
of olive culti vat ion towa rds produ ction of edible olives com­
bin ed with development of anima l hu sbandry is th e most fa ­
vorable scenario for th e region , if a ll varia bles are assumed
to be of equa l importance. In Tabl e 8(b). th e socio-economic
outcome criter ia were given pr iori ty to reveal th e potential of
each scena rio to increa se per ca pita income. The developm ent
of touri sm is th e most fa vora ble scena rio Ior persona l income
ga in, followed by gree nhouse agricult ure cult iva t ion a nd a n­
imal husbandry. In Tab le 8Ic), priority was given to the qu a l­
ity of th e natural envi ron ment. In thi s case, scena rio 2 whi ch
focused on the developm ent of th e primary sector and t he
exploitation of the mountain ous zones wit h the cult iva t ion of
woody plant species such as the almond, fig a nd pomegr anate
trees had th e highest score. In contrast, the rema ining three

scenar ios were ranked below the pre sent condit ion, whi ch
suggests tha t they will lead to declines in environmental
qu ali ty. Thi s resu lt is strong evide nce of the dilemma char­
acte rizing most stra tegic act ion pla ns at tempting to bal an ce
economic welfare a nd environmenta l protect ion (CANT L 00.'

and Km:NI ( ;, H)9 ~)}' In Tab le Srd), the prior it ies have been
given accordi ng to th e resul ts of the mul t ivariate methods.
Th e crite ria were distribut ed into t hree subclasses , the first
conta ining th e fut ure prospect s of th e scena rios , t he second
cont aining the environme nta l variab les and the thi rd involv­
ing th e presen t socio-economic status of th e region. The
weigh ing with respect to these ran kin g of th e crite ria was
obt a ined by the expecte d value a pproac h (N I.JKA .Vl l' et al .,
1 9 ~)O ). Furth erm ore, th is se lect ion of prioriti es mor e real is­
ticall y reflects th e needs a nd t he aspirations of the local pop­
ula tion (M A YO B OF G I·: BA , persona l com m unication, 1998 ). In
thi s case, th e ranking list is similar to th e one of th e equa l
pri orities , whereas th e basic differ ence exists in the signifi­
ca nt increase of th e a ppraisal score for scena rio 4. Thus, an -

Tab le 8. Mult icri teru , ana lvsi» result», cucording to the Eramix approoch ( I' = :Ii .

Scenarios : Short Des cri pti ou

a I Equa l priorit ies
Scenario I : Empha s is on ca t tle-bre ed ing
Sce na r io 4: Develo pmen t or tou ris m
Sce na r io 2 : Cult iva tio n of woody s pec ies
Sce na r io :3: Constru ct.ion of green ho uses
P resen t cond it ion

b ) Priori ty to socioeconomic criteria

Sce na r io 4: Developrnent of to u r is m
Sce na r io 3: Construct ion of g ree n houses
Sce na r io 1: Em ph a s is on cnt tlu -breediru;
Sce na r io 2: Cu lt ivat ion of woody species
Present condit ion

A p pr ai s­

a l ~kon'

O. I:Hi
O.O;'H

- IU12!l
- O.04H
- 0 . 117

O.Ol'l!l
n.oss
o.om
O.OIH

- O.2:l4

SCl'na rio ;.; : S h nrt l k -sct-iption

c) Priority to en vi ronmen t.al c r ite r ia

Scena rio 2 : C ul tiva t ion of' woo d.\' s pl'cips
Pn'Sl'n t co nd it ion
Sce u.uio I : Emp ha sis on catt!l'-hn 'l' d ing
Sce na r io ,1: Dev elopmen t of tou rism
S ce na r io : ~ : Cnnst ru ct.iun of g rl't.'n !lous(·s

d l Pri oriti es accord ing to th e rl's u lls of the m ult i­
vn riu tv method »

SCl'na r io I : Emp ha sis on ca ttll'-h n 'l'd ing
Sce na r io 4: Developm e-nt or to u r is m
Scena r io 2 : Cult iv a tion of woody s pt.'c i(·s
Scena r io : ~ : Co ust ru rt.inn of gn· pn hollses
(>n 's('nt con di t ion

App ra isa l Sruro

0 .20 0
O.07!)

- 0.072
- Il.!O:l
- 0. 104

0 .120
O.lOO
O.O:Hi

- O.O:J2
- 0.224
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imal husbandry and tourism development represent the most
favorable perspectives for the study area, when balancing the
desire for increased profits and environmental quality. Fi­
nally, it was observed that the present condition in all cases,
with only the exception of environmental quality, had the
lowest score meaning that all the alternative managernent
practices for the watershed are preferable for the improve­
ment of the local standard of living.

DISCUSSION

Environmental policy is essentially a risk strategy, which
serves to minimize the mismatch between economic devel­
opment and ecological sustainability under certain future
conditions. It is a multiple objective task, involving economic
efficiency analysis, risk assessment and ethical judgments on
the distribution of benefits and costs, both currently and with
respect to future generations (JAMES et al.. 1989; HEDICER,

2000). In the present study, an integrated methodology was
developed which is capable of addressing policy objectives
and resolving various types of coastal environmental 111an­
agement conflicts.

The study area was the Gulf of Gera, Island of Lesvos,
Greece, a semi-enclosed and shallow ecosystem surrounded
by an intensively cultivated and inhabited watershed. The
local environment is faced with severe pressures due to the
nutrient fluxes from agricultural runoff and point sources
that cause the Gulf to have mesotrophic conditions. More­
over, the abandonment of olive groves and the adoption of
free grazing threaten these areas with erosion and soil deg­
radation. Currently, the economy is characterized by a tra­
ditional monoculture of olive groves with limited prospects
for modernization, low per capita incomes and serious under­
employment that have lead to mass emigration. Thus, both
the environmental and socio-economic problems of the area
highlight the importance of exploring alternative economic
models.

Four scenarios concerning the socio-economic conditions,
which take into account the existing infrastructure, institu­
tions, traditions and natural resources of the area were con­
sidered. An additional assumption in these scenarios was
equal accessibility of the local population to the benefits and
costs of the investments. The basic component of all the sce­
narios was a partial shift in the olive cultivation towards pro­
duction of edible olives, accompanied by appropriate market­
ing and a reorganization of the agricultural sector. Supple­
mentary incomes and total employment were sought in i ) an­
imal husbandry; i i ) cultivation of woody plant species
compatible with the local environment; iii) cultivation of
greenhouse vegetables; and iv ) development of tourism.
These scenarios were intended to keep agricultural produc­
tion self-sufficient while maintaing a balance between em­
ployment and economic activities.

The alternative scenarios and consequent changes in the
land use were applied to a marine water quality model, which
describes the dynamics of inorganic nutrients-phytoplankton­
bacteria-zooplankton and organic carbon relationships. These
state-variables are appropriate for describing the quality of
the marine ecosystem, since changes in their values are as-

sociated with the process of eutrophication and have been
used extensively in the past for developing scoring systems
that assess the environmental quality of coastal systems
(KAHYDIS, 1996). The use of mathematical modeling for eval­
uating the environmental impacts of the various scenarios
was considered less susceptible to perceptual bias than other
methodologies, such as adoption of an expert judgment on the
environmental variables. The predictions of the model reveal
only a minor increase in the mean annual values for the
chemical and biological properties of the marine ecosystem
relative to present conditions, although the exogenous point
and non-point inflows are higher, especially under the sce­
narios of the animal husbandry and greenhouse vegetables.
These results show the critical role of the physical forcing ii.e.
climatic conditions) and exchanges with the Aegean Sea
which flush the Gulf of Gera, preventing nutrient accumu­
lation and serious phytoplanktonic blooms.

The simulated marine ecosystem quality data were com­
bined with socio-cultural and economic variables for the wa­
tershed, in view of the multidisciplinary character of the de­
velopmental strategies. This mixed data set was used to as­
sess the effectiveness of two multivariate statistical methods,
cluster and principal component analysis, as methodological
tools in holistic approaches of system analysis. The results
showed a clear distinction between the environmental and
socio-economic objectives for the study area. Furthermore,
the spectrum of the economic criteria was subdivided into two
additional classes with reference to their temporal response.
This implies an independent interaction of the present socio­
economic status of the study area and the future prospects of
the scenarios with the decision-making process. Thus, future
policy for the development of the region should acknowledge
the necessity of linking these three components in an inte­
grated management strategy for coastal resources.

Finally, the multicriteria analysis was used to provide a
ranked classification of the proposed scenarios. Thus, multi­
ple criteria analysis suggested that a partial shift in olive
cultivation towards production of edible olives in combination
with the development of animal husbandry is the best option.
The farni liarity of the local inhabitants with these activities
and the low cost of the investment are greater than the ad­
ditional environmental pressures resulting from this scenar­
io. Moreover, emphasis in agricultural production towards in­
creased quality of the products, a well-established demand
nowadays, should be considered as an antidote to the threat
of competitive producers on neighboring islands. The posi­
tions of tourism development, under the different priorities
assigned during the analysis, revealed that it is a promising
prospect for the area, with multiple effects on the local econ­
omy. The rational planning and application of this strategy
can moderate environmental impacts, i.e. the current debate
about the costs and the benefits of the construction of a
wastewater treatment plant in the area (minimizing the
point fluxes resulting from this scenario); and the erasing
socio-cultural dilemmas i.e. the sustaining of the national
character and protecting local traditions. Furthermore, the
development of an agriculture sector that is focused on the
cultivation of greenhouse vegetables is beneficial from an in­
dividual income gain perspective. When priority is given to
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the quali ty of the na tural environment th e a na lys is favored
cu lt ivat ion of woody plant species tha t prosper on the moun­
tainous zones, but the min or profits a nd the limited prospects
for a broader st imula tion of the economic growt h mak e this
t he least desir able scenario.

The present integr a ted appr oach has proved to be a pow­
erfu l tool for exploring t he exist ing patterns of the va rious
components of the economic/environme nta l sys te m a nd the
ana lysis of comp lex schemes where qua ntitati ve a nd qu al i­
tative va riables are involved. It is t he refore proposed as a
simple and effect ive methodology for objectiv e eva lua t ion of
developmen t sce na rios, which bal an ce economic welfa re a nd
environmenta l qualit y. Additio nal ga ins will be obta ined by
i ) incorpora t ing in th e ma rine water qu al ity model the dy­
nami cs of pr edators of the upper levels of t he t rophic cha in,
such as fish species of comme rcia l inte rest or classica l ind i­
cator orga nisms for water qua lity management, such a s tota l
and fecal coliform bact eri a (CHAPI{A, 1997; P I':ZZ I':Y ct al ..
2000 ); ii : modeling th e functional proper ti es of th e te rr estri a l
ecosys te m, such as soil condition and nu tri ent export (VAT:-.I
et al., 1999; AHHo NDlTs ls et at.. 2000b l. Th ese developments
will lead to a further cla rificat ion of t he environmental issues
and will en able the eva luation of different economic scena rios
for the area , such as fish or shellfish culture. Fin a lly, the
study did not address how the multicriteria ana lysis could be
used in decision ma king, who should decide on the prio rit ies
(i .e. what role th e local popul ati on should play in th e process )
and how multicriteria ana lysis can be used as expla na tory
tools for local populations and arriving at consensus. Th ese
issues are likely to give in the present methodology different
outcomes , moti vating on-going resea rch,
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