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ABSTRACT / The Axios River delta and the Inner Thermai-
kos Gulf coastal zone have experienced a long period of
human interventions during the past 100 years. A post-
evaluation of long run coastal zone changes under the

Drivers-Pressures-State-Impacts-Response (DPSIR) con-
ceptual framework is presented. The DPSIR approach is
then used to project out into possible futures in order to
connect with policy and management options proposed for
the improvement of the current conditions and the
achievement of sustainable development, in the coastal
zone. Socio-economic driving forces with their origins in the
end of the 19th century have generated numerous pressures
in the coastal environment that changed the state of the
environment. In the first part of the last century, there was no
coupling between change of state and policy. Due to
increasing environmental awareness, a coupling became
more apparent over the last thirty years. Human interven-
tions include river route realignment, extensive drainage of
the plains, irrigation network, roads and dam constructions.
The consequences were positive for the economic devel-
opment of the area, human health, and navigation for the
port of Thessaloniki. In contrast, the manipulation and over-
use of natural resources has led to a reduction of wetlands,
biodiversity loss, stress on freshwater supplies, and subsi-
dence of coastal areas, aquifer salinization, and rapid
coastal erosion. Three plausible future scenarios are utilised
in order to investigate the implications of this environmental
change process and possible socio-economic conse-
quences.

The need for integrated environmental assessment
to support the management of marine systems is now
widely accepted (Cicin-Sain and others 1995; Pavasovic
1996; Antunes and Santos 1999; Talaue-McManus and
others 2003). The key objective is to develop and
demonstrate practical, science-based methods that
support regional planning and management of the
resources and environment (Condie and others 2003).
Although the scientific community provides an exten-
sive and continuous flow of information on the func-

tioning of marine systems, this is often compartmen-
talised. Managers, on the other hand, require a more
integrated data set with supporting interpretations in
order to gain a more simple but holistic picture. In this
context, the increasingly used DPSIR approach has
been developed (Figure 1). DPSIR stands for Drivers-
Pressures-State-Impacts-Response; the components
form a broad analytical framework that links science to
the causes of change and to the social, economic, and
legal responses by society to that change (Turner and
others 1998a,b; Elliott 2002).

The Axios (Vardar) River is the most important
river, in terms of water and sediment supply, flowing
into the northern sector of Thermaikos Gulf (NW Ae-
gean Sea, eastern Mediterranean), hereafter referred
to as Inner Thermaikos Gulf (Figure 2). The Axios
river catchment covers an area of �25,000 km2, shared
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between the Former Yugoslav Republic of Macedonia
(FYROM; 83%) and Greece (17%). Other rivers flow-
ing into the area are the Aliakmon, Loudias, and Gal-
likos, having catchments of 10,000 km2, 1000 km2, and
1000 km2, respectively (Poulos and others 2000). His-
torically, the coastline was situated several kilometres to
the NW (Figure 3; Stürck 1908; Poulos and others
1994; Kapsimalis and others 2005). The shallow
embayment was gradually filled by riverine sediments
and, in combination with tectonic uplift, the coastline
retreated, creating an extensive lagoon and, later on,
the Loudias Lake, which no longer exists (Figure 3). At
the beginning of the 20th century, the Axios River val-
ley was often affected by floods and the delta area was
an extended swamp (Konstantinidis 1989). Since then,
the Axios River delta area and its coastal zone have
been heavily modified by a range of human interven-
tions (Georgas and Perissoratis 1992; Kapsimalis and
others 2005). Recently, nutrient over-enrichment and
associated eutrophication problems in the Thermaikos
Gulf have been assessed under the DPSIR analytical
framework (Karageorgis and others 2005).

In this work, we use the DPSIR framework to: (1)
assess the historical positive and negative socio-eco-
nomic and environmental pressures and impacts; (2)
identify coastal zone changes; and (3) predict future
trends in the evolution of the catchment-coastal envi-
ronment. The analysis includes a particular focus on
the coastline configuration, as well as the eutrophica-
tion problems.

A Short Methodological Digression into DPSIR

Coasts are notoriously complex systems encompass-
ing highly variable biotic and abiotic components.
With respect to coastal management issues, such com-
plexity entails the necessity of studying the various
natural and human forcing on the coastal resources
and their ability to absorb the ensuing pressures. If
conducted properly, a scoping analysis should high-
light long run casual chains, reveal information and
modelling needs, inform about (spatial and temporal)
scaling issues, indicate possible interventions and the
relevant social groups involved, set the objectives and
the assessment criteria for the research, and, help
researchers to structure baseline and alternative sce-
narios (Turner 2000). In a retrospective fashion, a
scoping analysis can hindcast the chain of events that
led to a certain environmental problem, highlight
major failures in past policy decisions and, therefore,
help to assess the effectiveness of current policy pro-
posals from a historical point of view (Meybeck 2002).
The approach also allows for future scenario-based
analysis in which plausible future coastal zone contexts
can be formulated and examined. The aim is to reduce
inevitable future uncertainties by exploring a wide
range of possible environmental change sequences,
their consequences, and mitigation policy options.
Equally important though is the team learning process,
inherent in a scoping analysis, by which natural and
social science researchers learn to integrate their spe-
cific approaches and results.

Scoping analysis, as it has now been developed
within large-scale, multidisciplinary research teams is
based on the well-known DPSIR framework or varia-
tions of it. DPSIR was conceived (as Pressure-State-Re-
sponse, see OECD 1994) as an organizing framework
for indicators development but later refined (in the
European Environment Agency) in order to be used as
a more general, unifying platform for environmental
data collection, categorization, and dissemination. The
analytical substance of DPSIR has been greatly enc-
hanced through its coupling with the notion of func-
tional diversity (Steele 1991). ‘‘Macroscopic,’’ the
conceptual model behind DPSIR, is based on the no-
tions of functional diversity and integrity, which links
ecosystem processes, composition, and functions with
outputs of goods and services that can then be assigned
monetary, economic, and/or other values (Turner
2000). The DPSIR approach is not itselt a model; on
the contrary, in order to understand the dynamics be-
tween causes and effects, it is imperative to focus on the
links between DPSIR nodes by applying socio-eco-
nomic and natural science models in sensus stricto, i.e.,

Figure 1. The DPSIR cycle and continuous feedback
processes (adapted from Turner and others 1998a).
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the link between pressures and state could be investi-
gated with the help of input-output models, physical
run-off models, pathways, and dispersion models; the
link between state and impact could be established

with the help of dose-response relationships and car-
rying capacities considerations; and the link between
impact and responses should be studied on the basis of
socioeconomic models (e.g., cost-effectiveness, cost-

Figure 2. Major rivers flowing
into the Thermaikos Gulf and
their catchments.
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benefit analysis, multi-criteria analysis) of risk percep-
tion and valuation of action/inaction. Finally, the ef-
fects of responses on the problem depend on which
link in the causal chain the measures are mainly di-
rected (Turner and others 1998a).

The DPSIR approach provides a cross-disciplinary
conceptual map, which places the analysis in a certain

sequence in order to maximize cross-disciplinary
collaboration and the production of policy-relevant
findings. The initial scoping stage is followed by a de-
tailed data collection and causal chain-impacts analysis
stage, which leads to the final impacts, projects, pro-
grammes, or courses of action evaluation stage. It is in
this latter stage that techniques such as cost-effective-
ness, cost-benefit analysis, risk-benefit analysis, and
multi-criteria analysis can be deployed. The application
of specific models in order to link the consequent steps
in the DPSIR chain is by no means a straightforward
task since: (1) what constitutes a driving force is a
matter of deliberatively choosing the starting point in
the causal chain (one could start from what can be
labeled a ‘‘first cause’’ (i.e., life style, strategic policy
goals) or from a ‘‘secondary cause’’ (i.e., a specific
sectoral policy); (2) the distinction between ‘‘State’’
and ‘‘Impacts’’ is not fully clear because often ‘‘Im-
pacts’’ are regarded as a further processing of the
‘‘State’’; (3) ‘‘Impacts’’ are differently conceived by
social or natural scientist, as (negative) changes to
human welfare in contrast with (unfavorable) changes
of the natural environment per se; and (4) data for
stock and flow variables are defined, categorized,
and collected in specific domains, on different spatial

Figure 4. The deltaic plain and coastline configuration in
1920 (Albanakis and others 1993).

Figure 3. The evolution of the Thessaloniki deltaic plain since 500 BC (Konstantinidis 1989).
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and/or administrative units, under specific rules and
procedures, which makes their joint use problematic
(see for example Marsili-Libelli and others 2004).

The DPSIR framework is not unique in its aim at
visualizing the whole management cycle of a specific
environmental issue. A number of other approaches
attempt a scoping analysis in the coastal zone domain,
such as the ‘‘outcomes’’ approach proposed by Olsen
(Olsen and others 1997; Olsen 2003), the ecosystem
domain, such as the management cycle approaches
within the tradition of adaptive management (Holling
1978), the domain of atmospheric quality, such as the
NAMEA (National Accounting Matrix including Envi-
ronmental Accounts) approach of EUROSTAT, and in
a much more restricted sense the SWOT (Strengths,
Weaknesses, Opportunities, and Trends) analysis, ap-
plied mainly to economic activities and their financial
and environmental externalities (Learned and others
1965; Oliver and others 2005). Each approach has its
own specific merits; the fact is that a large research
effort has been dedicated by OECD and EEA in the last
years to the dissemination and conceptual refinement
of the DPSIR approach. As a result, DPSIR has been
established as the main, non-mandatory organizing
framework in all major work on indicators and as a
powerful scoping framework for complex environ-

mental issues. Especially, the ongoing work on the
implementation of the European Union (EU) Water
Framework Directive with its consequent advancement
in stakeholder consultation shows that a harmonized
application of DPSIR has started influencing real pol-
icy in the EU member states while contributing to the
transferability of insights within the European wa-
tershed management initiatives. (Ledoux and Burgess
2002; Vermaat and others 2005).

Hindcast Application of the DPSIR Framework
in the Axios River Delta Area

Socio-Economic Drivers Evolution

At the end of the 19th century and the beginning of
the 20th century, the area was occupied by the Otto-
man Empire. The swamp area surrounding the Lou-
dias Lake, and forming the deltaic plain (Figure 4),
was a refuge for Greek rebels who were fighting for the
liberation of the area. In addition, the Greeks had to
fight against Bulgarian troops who were also claiming
the land. As a result, the Turkish authorities were un-
able to control the area due to political instability. At
the same time, malaria was a significant threat to the
local population and disastrous floods during May and
June, the snow-melting period, exacerbated their

Figure 6. Environmental
pressures inventory and
intensity between the end of the
19th century and the beginning
of the 21st century.

Figure 5. Socio-economic
drivers inventory and intensity
between the end of the 19th

century and the beginning of
the 21st century.
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plight (Konstantinidis 1989). These were the origins of
the socio-economic and political drivers (Figure 5)
that led to the formulation of the first plans for the
drainage of the Loudias Lake and the deltaic plain.
The initial plans for the construction of draining
channels were conducted by Kinniple and Jaffery in
the period 1892–1896 and were only partly completed
during 1900–1908 by the sultan Abdul Hamit. In the
1910s, the river was naturally diverted to the east,
flowing into Thessaloniki Bay; the new river mouth was
located 6.5 km west of Thessaloniki port (Figure 4;
Albanakis and others 1993). After the liberation of

Thessaloniki in 1912 and during 1916–1918, several
battles took place in the Axios River area between the
English-French army and Bulgarian forces. The news-
papers at this time documented heavy losses in human
lives due to malaria and typhus. The catastrophe of the
Greeks in Asia Minor brought a wave of 800,000 refu-
gees into the wider area of Macedonia, which gener-
ated an immediate need for economic and
infrastructure support (Konstantinidis 1989). Growth
of the economy remains the most powerful driving
force (Figure 5). Superimposed on the socio-economic
drivers are the ‘‘natural processes,’’ which control the

Figure 7. Evolution of the deltaic plain and coastline configuration during different stages of the 20th century (Albanakis and
others 1993).

Table 1. State of the coastal zone in three successive Stages (after Kapsimalis and others (2005)

Stage

I II III

Period �2000 BC to l920 AD 1920–l952 1952 to 2000
Human intervention No Low High
Status Accretion High accretion Erosion
Net sedimentation rate (106m3 yr)1) +6.5 +18.0 )2.5
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geomorphologic evolution of the area, and are char-
acterized by the river�s delta progradation, due to the
accumulation of sediments.

Diachronic Pressures and Drivers

The Axios delta has been subject to a sequence of
drivers and pressures over the past 100 years (Fig-
ures 5, 6). In the 1930s, the Greek state had to face the
growing demands for new agricultural areas, flood
control, improvement in public health, increased
standard of living, reduction of unemployment, and
transport improvements (Papastathis 1996). In addi-
tion, the Axios River mouth area, close to the port of
Thessaloniki, progradated (siltation) rapidly and
threatened to block the entrance of the port (Figure 7;
Albanakis and others 1993; Kapsimalis and others
2005). Maintenance of navigation, therefore, became
an additional driver and environmental pressure
source (see also Figure 6).

To confront this situation, the Greek state assigned
the task of the construction of a drainage network to
the American ‘‘Foundation Company,’’ which operated
from 1927 to 1936 (Konstantinidis 1989). In the period
1937–1952, the maintenance and improvement of the
works conducted by the state�s authorities continued
and are still active. The most important intervention
(1930–1934) was the realignment of the river route to
its present position; this work resolved the siltation
problem of the Thessaloniki port entrance. At the
same time (1930–1934), the Loudias Lake and the
swamps were drained. Since these works, the river
sediments have accumulated rapidly and formed a
bird-foot type delta (Albanakis and others 1993; Poulos
and others 1994; Kapsimalis and others 2005). During
1958, two irrigation dams were constructed: (1) in the
Aliakmon River, near Veroia; and (2) in the Axios
River, at Prochoma, about 40 km north of the river
mouth. Three hydroelectric dams were constructed
along the Aliakmon River and eleven more dams were
constructed in the Former Yugoslav Republic of Mac-
edonia (FYROM) part of the Axios River for irrigation

purposes (Kapsimalis and others 2005); in the latter
country, the irrigation systems consist of 17 high dams
with a total reservoir capacity exceeding 500 million m3

of water (Konstantinidis 1989). There are plans to in-
crease the capacity of the irrigation system and two new
dams (Lisiche and Kozjak) are under construction
(National Environmental Action Plan 1996). The
extensive dam construction during the 20th century,
therefore, constitutes an environmental pressure of
major importance (Poulos and Collins 2002; Syvitski
and others 2005), which was increased by over-con-
sumption of water supplies for irrigation and the
emerging increased demand for drinking water. Eco-
nomic growth also resulted in the demand for con-
struction materials, mainly for the development of an
extended transportation network (railway, roads and
bridges). Finally, at the end of the 20th century a new
pressure for the coastal zone has emerged through the
rapid evolution of aquaculture activities, which gener-
ally increase the emissions of nitrogen and phospho-
rous (Islam 2005).

Environmental State of the Coastal Zone

Due to the sequence of drivers and pressures, the
state of the coastal zone has changed dramatically over
the past 100 years. According to Kapsimalis and others
(2005), the evolution of the coastal zone can be sepa-
rated into three successive stages (Table 1). During
Stage I (�2000 BC to 1920 AD), the coastal zone is
characterized by accretion trends, dominated by the
continuous undisturbed riverine sediment discharge.
At this stage, the Axios River was filling the lowlands
with sediment. In Stage II, between 1920 and 1952, the
sediment discharge of the river increased substantially.
This resulted in the artificial deviation of its course to
its present location. In addition, meanders and wet-
lands were destroyed, agricultural land was increased,
through the draining of the Loudias Lake and the
swamps, and finally, the new river bed was artificially
aligned (Figure 7). Thus, sedimentation rates in-
creased, resulting in fast accretion of the coastline. The

Figure 8. Impacts on the
coastal zone and their intensity
between the end of the 19th

century and the beginning of
the 21st century.
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third Stage (1952 to 2000) represents the period of
intense human interventions. Several dams, for irriga-
tion and hydroelectric power, were constructed. The
demand for irrigation water is still an increasing pres-
sure, as land reclamation projects have provided vast
areas for agriculture. For example, the drainage of
Loudias Lake produced an extra of 217,000 ha for
cultivation (Konstantinidis 1989), while the total
amount of flood-protected or drained land reached
1,000,000 ha (Papastathis 1996).

Impacts on the Coastal Zone

The most apparent impact induced by human
interventions is the actual disappearance of the
Loudias Lake and the swamps, mainly due to drainage
works. The only remaining wetlands are located in the
lower delta area of the Axios River. However, a signif-
icant loss of wetlands and biodiversity occurred during
the 20th century (Figure 8). Konstantinidis (1989) de-
scribes a wealth of wildlife in the Loudias Lake and the
associated reeds; during 1930, freshwater fish produc-
tion reached 650 tonnes. However, during the past ten
years in particular, the flora and fauna biodiversity has
declined significantly and some rare bird species are
almost extinct (Albanis and others 1996; Goutner and
others 2001). However, Evmorphopoulos (1961) has
suggested that the lake would probably have disap-
peared anyway due to continuous infill by river sedi-
ments.

The demand for irrigation water increased sub-
stantially during the second half of the 20th century;
thus, freshwater was stored in reservoirs or pumped
directly from the aquifer to support the cultivation of
mainly wheat, maize, rice, tobacco, and barley. During
this period, the Axios River water discharge fell by 40%,
from 5 billions m3 yr)1 to 3 billions m3 yr)1, while the
sediment discharge suffered a 20-fold decrease (Kara-
georgis and Anagnostou 2001; Karageorgis and others
2005). Freshwater quality loss is particularly evident
during the dry summer months, where the Axios River
discharge is often less than 10 m3 s)1, and the river
bank is completely dry. Another indirect impact is re-
lated to the freshwater supply to the Thermaikos Gulf.
Freshwater enhances the cyclonic circulation of the
water masses that help with the dilution/mixing of the
Inner Thermaikos waters (Kontoyiannis and others
2003), which are enriched in various domestic and
industrial effluents (Kontoyiannis and Karamanos
2000). This equilibrium is often disturbed during the
summer months, when stagnation is observed in the
Inner Gulf with negative consequences for the aqua-
culture (mainly mussel farming) activities and the oc-
currences of harmful algal blooms (Moncheva and

others 2001). We return to this eutrophication prob-
lem in a later section dealing with future scenarios.
Freshwater deficiency that is also related to overpum-
ping of the aquifers has also induced sedimentary
deposits compaction; thus subsidence occurred since
1960, particularly in the eastern part of the delta and
near the city of Thessaloniki (Stiros 2001). Similarly,
salinization of the aquifers and the soils is observed
throughout the Axios River valley, with an increasing
trend from the north to the south.

On the other hand, the substantial reduction in
river sediment resulted in the deterioration of coastal
deposits and the stimulation of rapid erosion processes
(Kapsimalis and others 2005), which occurred for the
first time in the history of the delta (Figure 8). On top
of this, additional problems arise from the (illegal)
sand extraction from the river beds for use as a con-
struction material. Breakwaters and seawalls were con-
structed (length of �22 km) to protect the coast from
erosion and these works are still in progress. The ero-
sion also impacted upon the underwater topography;
since 1956, the inner Thermaikos Gulf has entered an
erosional period featuring overall sediment losses of
about 110,000,000 m3 (Kapsimalis and others 2005).
Unfortunately, long-term zoo- and phyto-benthos
studies are not available to assess the consequences of
these changes to benthic communities.

Policy Responses

State policy and management responses have been
implemented in a piecemeal fashion in relation to
changing drivers and pressures. This phenomenon was
particularly evident in the first half of the 20th century,
when environmental conservation was not a primary
concern. It should be noted that during this period the
legislative background permitted extensive interven-
tions in the environment. Summarizing, the ‘‘imme-
diate’’ responses were: (1) Axios River diversions; (2)
drainage of the lakes and swamps; (3) construction of
irrigation networks; (4) construction of roads and
bridges; and (5) dams construction. While this strategy
has led to economic development gains, it is ques-
tionable whether these socio-economic net benefits are
sustainable over the long run.

Policy responses in the second half of the 20th cen-
tury can be characterized by a more strategic and
controlled approach, one in which environmental
concerns were also considered. These are, in chrono-
logical order: (1) development of a ‘‘master plan’’ for
the Thessaloniki plain and the Thermaikos Gulf
catchments (1953); (2) 6,700 ha of the lower Axios
River delta were designated as a protected area under
the Ramsar convention (1974); (3) 22,643 ha of the
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Aliakmon-Loudias-Axios River deltas and other coastal
areas were designated as parts of the EU network of
protected areas Natura 2000 (1993); (4) development
of the Axios/Vardar River master plan between Greece
and FYROM (1994); and (5) 13,763 ha of the delta
were designated as Special Protected Areas under the
European Union Wild Birds Directive 79/409/EEC
(1998). In addition, considerable effort was put into
the improvement of wastewater treatment plants for
the domestic and industrial effluents of the city of
Thessaloniki, which contributed to the control of
nutrient emissions into the marine environment.

Future Environmental Change

Long-term analysis has shown that more than 11,800
t of nitrogen and 3,400 t of phosphorous are currently
being released into the marine system (Karageorgis
and others 2005). Over the last 20 years, while domestic
and industrial effluent loads have started to decrease,
riverine nutrient loadings have increased and fresh-
water discharge have fallen. Eutrophic events are still,
therefore, a significant problem. The damage costs
borne by society include the negative impact of eu-
trophicated waters on aquaculture, e.g., mussel farm
productivity losses, and an environmental amenity loss
focused around recreation and local environmental
civic pride (Kontogianni and others, 2001).

Three future scenarios—‘‘business as usual, BAU,’’
‘‘policy targets, PT,’’ and ‘‘deep green, DG’’—were
formulated in order to assess a range of plausible
outcomes (Salomons 2004). The scenarios were used
to generate an array of inputs for the catchment-coastal
zone modelling and the impacts on different stake-
holder groups in society (Karageorgis and others
2005). The shellfish farming activity in the Axios delta
is financially profitable and provides around 85% of
the total Greek shellfish output per annum. Eutrophic
episodes adversely affect the size, weight, and growth
period of mussels, as well as engendering a negative
image in the minds of consumers concerned about
possible health effects. The probability of toxic blooms
and consequent significant economic damage costs in
the mussel farming sector was assessed across the dif-
ferent scenarios. Under BAU, the probability of
occurrence of such events remained high (0.8), falling
to (0.65) under PT and to (0.20) in the DG scenario.
The economic cost of algal bloom events in terms of
lost sales (or delayed sales at reduced prices) was esti-
mated to be around 3 million e per annum (on pro-
duction levels of 30,000 t). The expected annual losses
across the three scenarios were 2.4, 1.95, and 0.6 mil-
lion e, respectively.

The coastal area east and southeast of the city of
Thessaloniki has been an important tourist resort area
for local people. The stakeholder analysis also revealed
that other motivations beyond recreational usage were
held. People felt that a cleaner Bay was part of a
requirement for general improvement in the area�s
environs. Citizens felt that environmental improve-
ment would enhance local self-esteem and identity
(civic pride), as well as safeguarding opportunities for
future generations (Kontogianni and others 2001). A
contingent valuation study of the willingness to pay of
residents to clean up the water in the Thessaloniki Bay
indicated that the ecological goods and services pro-
vided have significant economic value. The survey
asked residents about their willingness to pay extra
quarterly water rate payments for cleaning up Thessa-
loniki Bay. The mean willingness to pay was �15e per
quarter and the aggregate social benefits of clean
coastal water was around 34 millione per annum
(Kontogianni and others 2001). If realised in practice,
this funding would be sufficient to install and maintain
adequate waste water treatment plant capacity, but is
only likely in a PT or DG future state of affairs.

Synthesis and Conclusions

Societal Benefits and Impacts on Nature

Human interventions have resulted in significant
benefits for society during the past 100 years in the
Axios delta area. At first, drainage works provided land
for cultivation, especially for the Greek refugees from
Asia Minor in the early 1930s. Several hundreds of
thousands of hectares have been exploited since then,
changing the economic profile of the area, from pov-
erty to a prosperous agricultural community, with a
reduction in unemployment. Refugees were initially
employed by the construction companies as workers;
they were then offered land by the state to cultivate.
Furthermore, lethal diseases, such as malaria, typhus,
and tuberculosis, were eradicated. A huge irrigation
network, probably the best in Greece, was developed,
serving the needs of agriculture. The road network was
also substantially improved. Just in the period 1927–
1936, for example, 29 road and railroad bridges were
constructed, together with several thousands of kilo-
metres of subsidiary roads that were used for goods
transportation. Finally, the diversion of the Axios River
resolved effectively the potential problem of siltation of
the Thessaloniki port.

On the other hand, several negative changes on the
environment can be highlighted. The significant
reduction of wetlands was accompanied by significant

312 A. P. Karageorgis and others



biodiversity loss. Freshwater resources decreased by
40%, resulting in subsidence of urban and industrial
areas, aquifer and soil salinization. The most serious
threat is probably coastal erosion, due to the general
decrease in freshwater and sediment flows, which are
now retained within the reservoirs. This effect has an
impact on the biological resources of the Thermaikos
Gulf as well, as river-borne silicates are used as nutri-
ents by marine organisms.

Possible Environmental Futures Related to EU
Policies

The application of the DPSIR framework was used to
hindcast the changes in the Thermaikos Gulf and Axios
Delta in order to better assess the future challenges that
the region will inevitably face. The framework also
facilitated a general picture of possible coastal futures
for Europe as a whole, and specifically for our region,
indicating that pressures on coastal ecosystems will
continue to increase under all plausible assumptions
(Vermaat and others 2005). In our case, if current re-
gional trends persist, many negative impacts will be
maintained or reinforced, with significant negative
economic consequences for aquaculture and unrealised
environmental amenity. Maximising economic devel-
opment remains a primary goal of the state, meaning
that additional pressures will be exerted on the coastal
system under the BAU projection. However, state and
public awareness has been rising during past decades
and has generated plans and support for a more sus-
tainable use of ecosystem resources. Accordingly, fun-
damental changes have occurred in our understanding
of the functions and values of catchments and these
have prompted many recent international efforts to
protect and use them in a sustainable way. Today, these
efforts are coordinated through a number of interna-
tional protocols and agreements, the implementation of
which requires concerted action, joint fund raising, and
mutual cooperation in catchment management and
policy. A relatively large number of legal documents are
directly or indirectly affecting the management of land,
water, and natural resources in the Axios catchment
area. They are categorized into three groups: National
framework (national laws, Ministerial Decisions, Pre-
fecture Decisions, etc.), Common European framework
(Directives), and international (including bilateral)
agreements and conventions.

On a European scale, the recent Water Framework
Directive (WFD) stands prominently in offering tools
in support of an integrated management of water-
sheds. In this context, adopting the ‘‘wise use’’ imper-
ative of the European Union is a prerequisite, as is also
taking explicitly into account a number of factors

considered to affect specifically the management of
Mediterranean catchments: (1) developmental needs
and economic inequality; (2) pressure from population
growth, immigration and mass tourism; and (3) social
and cultural conflicts.

The socio-economic setting defining the relevant
institutions in the Axios catchment are: the political
situation in the Balkans, Greek development policy for
the area, and the citizen�s life-style driven by major EU/
national legislative framework. The major socio-eco-
nomic drivers that affect the total Axios catchment area
(FYROM and Greece) can then be summarized as fol-
lows: (1) the wider political and economic destabiliza-
tion of the Balkans region leading to uncertainty,
inhibition of the rate of growth and lack of sufficient
effort to tackle environmental degradation, as well as
the influx of 261,000 refugees in FYROM; (2) the new
Greek Development Strategy for the role of Thessalo-
niki as the new Metropolitan center of the Balkans
(Balkan and Black Sea area Cooperation Pole); and (3)
the European Union Policies, especially the Common
Agricultural and Fisheries Policies, the Water Frame-
work Directive, and the Habitat Directive.

Within the third Community Support Framework
2000–2006, the Central Macedonia Funding Program,
which will finance the above-mentioned actions, has a
total public expenditure of 1.2 billion e. FYROM is in a
period of transition as it moves towards a market-based
economy. Within this framework, it is apparent that
FYROM is seeking to make progress in the field of
environmental protection and is also very keen to
comply with EU environmental requirements and
standards (National Environmental Action Plan 1996).
Nevertheless, the adoption of new environmental leg-
islation and the creation of new institutional structures
by FYROM need to be supported by investment,
implementation, and enforcement. Specific environ-
mental management recommendations given by UNEP
(2000) for the water sector in FYROM include the
following: ‘‘an integrated river basin management plan
should be developed and implemented for the Vardar
(Axios) River. The approach should be consistent with
the EU Water Framework Directive and take full ac-
count of trans-boundary considerations.’’

On the regional scale, our suggestions for the future
include: (1) gradual replacement of highly water-con-
suming cultivations (rice) in the lower part of the Axios
River delta; (2) better management (storage) of
freshwater, particularly during the winter months of
high river discharge; (3) control of overpumping in the
deltaic plain; (4) legislation imposing �hard and fast’’
rules for the illegal sand extraction from the river bed;
(5) encouragement of protected areas under the
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Ramsar convention and the Natura network of pro-
tected areas; (6) improvement of agro-tourism; (7)
further expansion of erosion protecting constructions
in the coastal zone under most threat; (8) to abandon,
on cost-benefit grounds, certain areas of deltaic coast
under subsidence; (9) improve wastewater treatment,
and (10) galvanise public support for environmental
improvements as part of a wider civic amenity
enhancement policy.

The DPSIR conceptual framework could be applied
easily to other catchment/coastal zone systems, which
have experienced human interventions during past
decades. This would help in the identification and
assessment of socio-economic drivers, pressures, envi-
ronmental state, impacts and policy responses, in the
long term, thus providing a holistic and comprehensive
approach on issues pertaining to environmental pro-
tection and the sustainable management of natural
resources. Moreover, the ability to apply future sce-
narios enlarges the use of DPSIR to a robust and reli-
able management tool. Natural scientists, stakeholders,
and policy makers would all benefit from such inte-
grated analysis.
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