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Preface
The current lack of understanding of the interdependence of natural and human systems is
especially obvious in the case of river basins and coasts. Consequently, in order to aid policy
formulation and decision-making the interactions and system dynamics in the continuum river
catchment to the coastal zone need to be identified and studied. This paper focuses on the natural
and human systems at catchment area level, and especially on the interactions and feedback
mechanism between them. The framework and two case studies (Baltic Sea and Black Sea) are
presented here, as well as suggestions for follow up.

This work is the spin-off of a Euroconference, Coastal Management Research, in San Feliu de
Guixols, Spain 6-10 December 1997. The different working groups reported their outcome in a
common volume; Geernaert, G., Humborg, C., Jordao, L., Köhn, J., Langenberg, H., Meire, P.,
Otter, H.S., Rahm, L., Salomons, W., Vidal, M. and Wallbaum, V. (1998) Workshop on System
Dynamics of the Continuum River Catchment to the Coastal Region. In: A trans-disciplinary
Euroconference on Coastal Management Research. (ed.) J. Dronkers. San Feliu de Guixols, Spain
6-10 December 1997. National Institute for Coastal and Marine Management/RIKZ Rijkswaterstaat
The Netherlands, p. 100.

Our group also decided to make a more public contribution, based on the official report, to be
published afterwards. The group was initially constituted by Henriëtte S. Otter and Anne van der
Veen (University of Twente, The Netherlands), Jörg Köhn (University of Rostock, Germany),
Christoph Humborg (University of Stockholm, Sweden) and Lars Rahm (University of Linköping,
Sweden). For several reasons the text slowly took its shape and when the time for submittance came
the contact with some in the group had been lost and was not to be restored as they had left the
Academia. The manuscript became shelved for a long time until the three remaining authors
decided to try to publish it by our own as we thought the text still had some qualities. This is now
done as a report in a series from the Dept. of Water and Environmental Studies, Linköping
University. We like to acknowledge the both the original working group and, especially, those
active in this report, Drs. Anne van der Veen, Henriëtte S. Otter and Jörg Köhn .

Linköping 1st of March 2004
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1. Introduction
Coastal zones are the meeting point for land and ocean. Besides these land-ocean interactions, the
coastal zone can also be distinguished by the many and strong interactions between the biotic and
abiotic systems and the regional economy. Around the world coastal systems are coping with
increased human pressures in the form of an increased demand for space and other resources as a
result of for example population growth, migration and an expansion of tourism. In addition, coastal
areas have to deal with natural pressures resulting from large scale interactions of the atmospheric,
water, soil and biological systems including climatic change.

Derivations from the natural material and energy flows in the coastal zone are often a result of
changes in land-use and other man-induced impacts within the watershed, the coastal zone or in the
ocean. A considerable part of the changes do not originate in the coastal zone itself but are caused
by land based activities upstream in the catchment area (see for example the case studies below of
the Baltic Sea and the Black Sea). In general, there is a lack of understanding of the
interdependence of natural and human systems and processes, especially for river basins and coasts.
Furthermore, there is only limited knowledge of how activities in the catchment area influence the
coastal zone. Consequently, in order to aid policy formulation and decision-making, the interactions
between natural and human systems in respectively the catchment area and the coastal zone as well
as the connection between them, need to be identified, studied, and at least partly understood.

In attempting a linked analysis of natural and human processes, special attention should be paid
to the different temporal and spatial scales on which they operate. One of the most important issues
that needs further studying is the temporal and spatial disparity between processes and activities in
the catchment area and effects in the coastal zone. This includes the time lags and spatial disparity
between activities and their effects as well as the time lags between effects of activities and the time
decision makers need to take action to identify, study and eventually reduce these impacts. Each of
these issues will now be elaborated upon.

2. Theoretical considerations

2.1. The human system
The increasing pressure on coastal systems is due to an increasing population, but also to changes in
the economy's structure and increasing consumption demands. The human system operates on
spatial and time scales, which differ from those of the natural system. The rate of change in a
human system is much higher than in natural systems. Therefore the pressure on adaptation
strategies in both the natural and human system itself is steadily increasing (Köhn, 1998).

The economy is part of the human system and economic processes and economic behaviour can
be represented in a number of different ways. Differences can be found in the choice for the level of
aggregation and for a static or dynamic representation. One way of portraying the economy is
through input-output tables. An economic sector consists of different economic activities and one
may describe these activities with input-output tables (Leontief, 1936; Isard, 1972). Input-output
tables include stock-flow relations of and between economic sectors. Input-output models can
provide a tool to model the underlying economic structure of regions in order to gain a better
understanding of the causes of the fluctuations in regional income and employment. Analysts
generally use monetary values of a regional or national economy to measure stock and flows. In
ecology input-output tables have been used to study material and energy flows.
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A further application of input-output analysis is to study flows in and between the economy and
ecology in an integrated manner. In this case, however, monetary and physical terms are combined
for an integrated analysis (see for instance Leontief (1970), Victor (1972), Isard (1972)). Indicators
of the economic sectors (in monetary terms) can be linked to the environmental impacts they cause.
In a watershed approach the use of land sector by sector could for instance serve as an indicator
system. Such an integrated input-output approach helps explaining the pressures on the watershed
and the coastal region by the intensity of the conflict of the human and natural system. In a wider
context, however, pressures are the result of another system that evolved with humans in their own
evolution (Keohane and Ostrom, 1995; Cable and Cable, 1995). This can be labelled the social
system in which institutions such as beliefs, norms, and rules may enforce economic growth or
control unlimited exploitation of resources such as in subsistence economies in some coastal
regions in the tropical zone.

2.2. The natural system
The natural system consists of biotic and abiotic components and structures, which are interrelated
by interactions and functions. The natural system can be represented by a multitude of interlinked
subsystems which make up the global ecosystem of the earth. Each ecosystem consists of an
informational stock, the genetic potential, which is expressed at a certain time period and at a
certain locality. All structures within an ecosystem develop on the basis of system inherent
controlled self-organisation and self-regulation mechanisms. The tuning of the system depends on
feedback regulation and results in adaptation or systems evolution. For simplification, the natural
system can be described as matter and energy accumulated in stocks and the exchange system
between them . The stock-flow relations are governed by the information on which they are based
and predetermine system properties like resistance and resilience. Flows may accumulate under
certain circumstances and, for a certain time, act as stocks. Driven by processes of change stocks
may accumulate at different places or be changed into flows over time. Soil erosion, fertilisation of
the farmland downstream, the dynamics of river flood plains and wetlands and the morphological
changes in a river delta may serve as examples. Human induced changes, for instance the clear-
cutting of forests in the watershed, can add to the 'natural' run-off. One may measure the human
induced natural impacts as the additional load of erosion in tons of soil, nitrogen, and phosphorous
or chemical substances. To some extent the natural system resists these changes. This implies that
human induced pressures are buffered due to the system's capacities. Stock-flow relations, however,
may change after some time through the passing of thresholds or through lags both in time and in
space between cause and response of the natural system to pressures and impacts from the social
system.
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2.3. Linking the natural and the human system
Human society depends on ecological goods, services and amenities for economic, cultural and
spiritual reasons. Ecosystems generate ecological resources and services that are crucial for human
welfare (Barbier et al., 1991). Consequently the degradation of our natural environment will
ultimately form a threat to human existence in itself. It is clear that also in river catchments the
natural and the human system are closely linked. Before the consequences of any management

Figure 1: Pressure – Impact – State – Response – System: grey = the natural system,
white = the social system.

action in the river catchment system and the coastal zone can be overseen, a thorough understanding
of the integrated functioning of this total system is required. Therefore the system has to be
understood as an entity. Science has to develop an interdisciplinary understanding of processes in
both the natural and the human system at the same time. The link between the “natural” and
“human” systems are the vertical cross-sections in Fig. 1, which allows for the local or regional
setting in the watershed and the identification of feedback within and between the “natural” and the
“economic system”.

It should be noticed that at present the elementary knowledge for a truly interdisciplinary
approach is still lacking. The issue of interdisciplinarity relates the topic of coastal zone
management to human interaction with nature, decision-making and conflict resolution in a
complex and uncertain world. The human-environment conflict grows into a learning process in
which uncertainty plays an important role (Dryzek, 1997). Besides the unresolved questions of how
to deal with uncertainty surrounding our integral understanding of the total catchment system, there
are inherent difficulties in the linking of different processes in space and time. The issue of scales is
an important one in trying to link human and natural processes. According to some authors, the
aggregation of data and models of morphology, ecology and socio-economy and their interaction to
the relevant (spatial and temporal scale) resolution requires an up-scaling of processes which
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involves unresolved aspects of integration (Stive et al., 1997). Concerning the occurrence of
processes on different scales, the following issues should be addressed.

2.4. Issues of space
The issue of spatial complexity takes on different forms. First of all there is the difference in
geographical location of the activities in the catchment area (upstream) and the effects of these
activities in the coastal zone (downstream). In addition, space is one of the neglected areas in
economics (Nijkamp, 1986; Armstrong and Taylor, 1995). Economists are not used to working with
the concept of space. When human behaviour is studied or modelled, the focus is on informational
flows such as money and prices and (virtual) markets which have no geographical dimensions.
Natural scientists concentrate on actual physical flows of matter. Ecologists, for example, think in
terms of nutrient, biomass and energy flows which all have spatial characteristics. Consequently,
ecologists have made great progress in the development of spatial models whereas economists have
not (Bockstael et al., 1995).

2.5. Issues of time
The time issue also has different aspects. First of all there is the time lag between the catchment
activities and the effects downstream on the coast. Secondly there are the time lags between the
occurrence of the problem and the response in the form of (government) measures. Different
systems move along different time scales. For example, geology works in the millions of years,
economics in the tens of years, biology from a few years to millions of years (Costanza, 1991).
Another aspect is seasonality. Temperature change throughout the seasons is one of the major
triggers that govern ecosystems but also the energy consumption of the human system. Some
problems with temporal scale in the linking of human and biophysical processes concern (Lonergan
and Prudham, 1994):

1.) discounting the future,
2.) depreciating natural assets
3.) existence of cumulative change.

The differences in handling temporal aspects become explicit in models of economic and ecological
systems. Ecologists are interested in long time horizons and consequently adopt low time resolution
models (Bockstael et al., 1995). Economists, however, tend to ignore the very long run because of
the inherent unpredictability of the future. In our opinion one cannot treat both systems with
indicators that operate on these different time scales. Therefore, some of the economic indicators
can not be used to resolve the conflicts between the natural and human system. An integrated
indicator system needs to be developed that allows to overcome the obstacles of time scale
disparities. This means, that for instance discounting the future may be one of the instituted tools in
the economic system that will not support resolving the conflict.

2.6. Issues of uncertainty
One of the primary reasons for the problems with current methods of integrated coastal zone
management, is uncertainty surrounding our integral understanding of the coastal system
(Capobianco and Otter, 1997). There are different expectations and modes of operation which
science and policy have developed or implicitly consolidated to deal with uncertainty. The
development of decision support tools or integrated assessment models for integrated coastal zone
management should contribute to the formalisation and solution of such problem. In order to do this
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the differences about the nature of uncertainty must be understood and better methods should be
designed to incorporate it into the decision-making and management process. Uncertainty as we
understand it cannot be reduced to top risk management. Uncertainty is a systems property which is
a consequence of complexity and a constituent parameter of all living systems. The research
concerning global changes in coastal zones makes use of a division into a natural system and a
human system, although conflict resolution requires a systemic perspective on the interrelation
between them.

The starting point of this chapter was that there is a lack of understanding of the interdependence
of natural and human systems and processes, especially for river basins and coasts. We further
stressed that, in order to aid policy formulation and decision-making, the interactions between
natural and human systems in respectively the catchment area and the coastal one need to be
identified and studied. We propose to set up an integrated framework of analysis which should
contain the major driving forces for change, the interactions between natural and human system as
well as the temporal and spatial scales (including delays and disparities) on which they operate.
Two examples of cases in which human and natural systems clearly interact and which provides a
good illustration of the disparities in space and time lags surrounding the activities in catchment
areas and their effects in the coastal zone, are the Baltic Sea and the Black Sea. Our aim is not to
provide an extensive and detailed description of the human system in the Baltic and Black Sea, but
mainly to present the main effects of human activities on the natural system.

3. Examples: Baltic Sea and Black Sea

3.1 Introduction
Man made activities in the river catchments have altered nutrient fluxes to two of the worlds most
endangered seas, the semi-enclosed Black Sea and the Baltic Sea. The catchments of the Baltic and
the Black Seas are of about 1.7 106 km2 and 3 106 km2 respectively, i.e. about 4 and 7 times their
own area. At least 81 and 162 million people live in the Baltic and Black Sea basins and dispose
their effluents into the corresponding rivers. The susceptibility to altered nutrient fluxes is due to
hydrographic peculiarities of both seas. The water exchange with the open ocean is reduced or
virtually prevented by the bottlenecks Belt Sea/Oresund and Bosphorus, respectively. This will
hamper the flushing of the deeper parts and may lead to an accumulation of both nutrients and
pollutants (this in sharp contrast to e.g. the Mediterranean Sea). The residence time of water mass is
about 30 years in the Baltic Sea and 400 years in the Black Sea, which is one to two orders of
magnitude higher than for example the North Sea. The residence time for nutrients is long in both
systems, thus the impact of changes in nutrient load to the respective sea will have long-term and
large-scale effects.

Both seas have a positive water balance, which means that the freshwater input by rivers and
precipitation exceeds the seawater input by the North Sea and the Mediterranean Sea, respectively.
When entering the sea, the freshwater floats over the denser seawater and consequently a sharp
density gradient (halocline) between a less saline upper layer and a high saline, deep layer has been
developed in both seas. This density gradient almost prevents vertical exchange processes of solutes
and gases such as oxygen between these two layers. The sedimentation of algal blooms and their
remineralization occurs each growth season. The presence of a halocline will facilitate the
deposition on the deeper bottoms as it decrease the tubulent energy density. Also, both seas have
their haloclines well below their sill depths, something which increases the retention of nutrients
and pollutants in these seas compared to e.g. the Mediterranean Sea (Wulff et al. 1990). This
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situation has resulted in permanently anoxic conditions below a depth of 100-200 m since hundreds
of years in the Black Sea. The redox conditions has varied more frequently in the Baltic proper but
sediment records show that anoxic conditions are not unusual even hundreds of years ago (Hallberg,
1974). However, the northernmost basins of the Baltic Sea, the Gulf of Bothnia, are only weakly
salinity stratified but with strong seasonal thermoclines. This allows frequent biannual overturning
of the whole water column which efficiently prevent long-term deep water accumulation of
nutrients and the formation of hypoxic conditions. Hence this comparative study will hereafter
focus on the largest of the Baltic basins, the Baltic proper.

Around 90% of the Black Sea is anoxic, the largest anoxic water body on our planet. However,
not all of the Black Sea is anoxic, about 25% of the surface area is occupied by its north-western
continental shelf less than 200 m deep, where the oxygenated surface layer reaches the sediments
giving the preconditions for higher life forms. This area is most affected by altered nutrient
discharges, because it receives water from the rivers Dnieper, Dniester and the Danube, with a mean
annual discharge of about 273 km3 , 75% (210 km3 ) of this is contributed by the Danube, which has
a drainage area of 817 103 km2, and which collects effluents from ten European countries with
almost half the population living in the Black Sea drainage area. Other important rivers such as the
Don and the Kuban enter the Sea of Azov which is a semi-enclosed sea by its own with only a
narrow connection to the Black Sea. Thus, the latter rivers play only a minor role in changes of the
biogeochemical conditions in the Black Sea.

The Baltic Sea is, especially where it concerns the natural system, one of the best investigated
seas in the world. A multinational monitoring program performed by all riparian countries since the
seventies as well as time series data from all inflowing rivers allow an estimate of present
ecological conditions in the Baltic Sea due to changes in the river catchments (Wulff et al., 1990).
For the Black Sea there exists no such spatial coverage of relevant data. However, the Danube
dominates the river discharge by more than 70% and changes in the Danube river can be more
easily traced back to the sea than in the case of the Baltic Sea with several rivers of similar
discharges (Stålnacke, 1996). Furthermore, there exists long-term data sets that include
measurements of nutrient discharges before and after certain human activities in the Danube
catchment. Only recently has a detailed nutrient load compilation been reported for the Baltic Sea
(Stålnacke, 1996). Two of the largest rivers discharging into the Baltic Sea, Neva and Daugava,
enters the Gulf of Finland and Riga respectively. This has the effect of reducing their impact on the
Baltic proper. The Gulf of Riga is a semi-enclosed bay (7% of the Baltic proper area) with limited
exchange with the Baltic proper, while the Gulf of Finland, with 11% of the total area, can be
characterised as an estuary with a wide and deep entrance to the Baltic proper. Together with river
Vistula (which ends in the open Gdansk Basin) and river Neman (Curonian Basin) these four rivers
stand for 60 % of the total freshwater supply to the Baltic proper (Bergström and Carlsson, 1994).

3.2. Black Sea

3.2.1. Changes in N, P and Si related to altered river inputs
Today the Danube discharges annually 0.3-0.8*106 tons of dissolved inorganic nitrogen and 0.18-
0.41*105 tons of phosphate into the Black Sea. This corresponds to a five and twofold increase in
the total inorganic nitrogen and phosphate load, respectively, of the river Danube since the 1960s
(Cociasu et al., 1996). Responsible for this increase is mainly diffusive sources such as the
fertilisers from agriculture in the case of nitrogen, whereas phosphates originate largely from point
sources, i.e. municipal and industrial waste from all big cities and industrial landscapes such as
Bucharest, Belgrade, Budapest, Vienna and Munich. Accordingly, the nitrate winter concentrations
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increased also by a factor of 6 on the north-western Black Sea shelf. The phosphate concentration
increased locally up to eighteenfold. However, a direct contribution of the Danube river is difficult
to estimate, because industrial wastes from fertiliser production is directly disposed into the sea.
There is also some evidence for nitrogen increase in the central basin of the Black Sea. Here at least
1 million tons of nitrate have been accumulated in the upper surface layer since the onset of
eutrophication in the early seventies (Codispoti et al., 1991; Humborg, 1995; Tugrul et al., 1992).
This increase is for the most part probably due to the nutrient inputs by the rivers, less than 10% of
the Danube discharges could explain this increase. In contrast, phosphate concentration did not
increase within the last decades, probably due to a removal of the additional phosphate loads in the
north-western shelf area of the Black Sea. This uptake might be caused by a phosphate limitation of
phytoplankton organisms in the north-western shelf area induced by higher N/P ratios (mean of 60)
of the inflowing Danube waters compared to the N/P demand of the algae, which is about 16
(Redfield, 1963).

In contrast to nitrogen and phosphorus a reduction in silicate in the Danube River, in the north-
western shelf as well as in the entire Black Sea have been observed (Humborg et al., 1997). A
strong decrease in the DSi/NO3 ratio from 42 to 2.8 in the north-western coastal waters was the
result. The decrease in the silicate load is also a consequence of human interactions in the river
catchment, the building of a reservoir lake (the Iron Gates) in the early 1970s. Historical data reveal
a reduction in the dissolved silicate load of the Danube River by about two-thirds since dam
construction, i.e. from 0.8*106 tons in the early 1960s to 0.23 – 0.38 *106 tons today. A
concomitant decrease in wintertime dissolved silicate concentrations by more than 60% was also
observed in the entire Black Sea surface waters with severe consequences for the ecosystem
structure.

3.2.2. Changes in phytoplankton species composition
As a result of the much higher nitrogen and phosphorus input, phytoplankton cell densities in the
north-western shelf waters increased dramatically, by about one magnitude, within the last two
decades. From 1974 onwards a distinct increase in the bloom frequency, the number of
bloomforming species and cell densities were observed. Bodeanu (1993) followed a total of 45
blooms with cell densities > 5 * 106 l-1 during 1980 and 1990, 2-8 yr-1 , of 15 different species.
Between 1960 and 1970, in contrast, only eight blooms with densities higher than 5*106 cells l-1

were recorded and the number of species was limited to five only. The changes in silicon to
nitrogen ratio of the Black Sea nutrient load induced by damming and fertilisation of the farmland
downstream seem to be larger than those caused by eutrophication alone, and seem to be
responsible for dramatic shifts in phytoplankton species composition from diatom (siliceous) to
coccolithophores and flagellates (non-siliceous).

A large part of the past and future increase in nitrogen loads of the Danube after damming of the
river is being and will be removed by non-diatom species. Water and sediment storage in reservoirs
behind the "Iron Gate" dams have altered the biogeochemistry not just of the river and the adjacent
coastal waters of the north-western shelf, but also of the entire Black Sea basin. The observed
species shift towards carbonate-producing coccolithophores in the coastal waters most certainly
caused by a decrease in silicate, exert significant control on sea water chemistry such as alkalinity
and pH. Furthermore, the occurrence of potential toxic flagellate blooms may become more
frequent as observed in other coastal areas. Similar effects may be expected for the central Black
Sea where in contrast to pre-dam conditions silicate depletion appears to be more frequent now.
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3.2.3. Changes in Oxygen
As a result of the much higher biomass production and its subsequent sedimentation to the sea floor,
hypoxia are frequent phenomena now also in the north-western shelf area. Thus, nearly the entire
Black Sea shelf is now prone to occasional formation of an anoxic benthic layer of hydrogen
sulphide-rich water distinct from the permanent anoxic layer in the central basin (Mee, 1992).

The development of oxygen concentrations in the central basin is still a matter of scientific
debate. Murray et al. (1989) reported about a shoaling of the density gradient and therefore a rise of
the oxic/anoxic interface by about 30 m during the last three decades due to decreased fresh water
input by the major rivers. Kempe at al. (1989) argued that these differences are associated with
interannual changes in the intensity of Black Sea surface currents and with internal waves rather
than with anthropogenic changes of the Black Sea water balance. However, the observed spreading
of a zone, with lower oxygen concentrations, at the base of the upper surface layer is synonymous
with habitat reduction for higher organisms in the central basin as reported by Codispoti et al.
(1991) and Tugrul et al. (1992). It may be related not as much to a theoretical altered water balance,
but to the increased organic matter supply due to eutrophication. This is supported by the Danube
data, which reveal no decrease in water discharge after damming (Humborg et al., 1997).

3.2.4. Changes in Benthos and Fish stocks
The north-western shelf area is of paramount importance for benthic life and fish stocks in the
Black Sea, because here the only considerable areas with water depth less than 200m are found. The
residual 75% of the Black Sea area is occupied by the anoxic deep water masses which is unsuitable
for most higher organisms. In accordance with the phenomena described above, a distinct change in
the structure and stock of the benthos took place within the last twenty years. The prominent
changes were encountered in regions that experience suboxic conditions in the bottom layers in
summer, i.e. the Romanian and Ukrainian coastal waters. Romanian researchers reported a
reduction from 79 macrobenthos species measured in 1961, to only 26 species in 1987 (Tiganus,
1990). The zoobenthos standing stock decreased about four-times in the same period (Gomoiu and
Tiganus, 1990). Now large scale kills spread over an area of more than 20 000 km2 in the Ukrainian
shelf area (Tolmazin, 1985). For the Romainan shelf the area affected is comparable, so one may
conclude that more than 30% of the entire north-western shelf is prone to hypoxia. Catches of
demersal fish such as flounder and turbot decreased sharply (Caddy and Griffith, 1990). Sensitive
high value fish species disappeared in the entire Black Sea to be replaced by large quantities of
small omnivores such as sprats (Mee, 1992). As a consequence, the Ukrainian and Romanian
fishing fleet in the Black Sea almost collapsed. Also of high commercial value were the extensive
Phyllophora fields, a makroalgae which was commercially harvested for agar-agar production.
Today, a stock of only 300 00 tons distributed over an area of 500 km2 remains, which corresponds
to 5-10% of the former biomass and area found, respectively (Tolmazin, 1985).

3.3. Baltic Sea

3.3.1. Changes in N, P and Si related to altered river inputs
Larsson et al. (1985) estimate a considerable change in nutrient load since the beginning of this
century. They claim that a fourfold and eightfold increase in nitrogen respectively phosphorus load
have taken place, with a major increase since the 50's. Recent trend studies during the last decades
(e.g. Rahm and Danielsson, 2000) have shown that nitrogen and, but to a lesser extent, phosphorus
have increased in the entire Baltic Sea but mostly in the Baltic proper. An annual increase of
roughly 5% for nitrate and 2-3% for phosphate is estimated for the period 1970-1990 (Sandén and
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Rahm, 1993). During this period the same trends are not found for the riverborn nutrient load
(Stålnacke, 1996) while the atmospheric load has increased monotonously since the 50's (Granat,
2000). Hence, while the loads seem more or less constant during this period, the total amounts in
the water mass are still increasing, indicating a long time scale of ecosystem adjustment in the
Baltic Sea (Wulff et al., 2000).

The four major rivers of the Baltic proper (Neva, Daugava, Neman and Vistula) represent 48 %
and 57% of the total riverborn load of nitrate (600 103 tons yr-1 ) and phosphate (17 103 tons yr-1 )
(Stålnacke, 1996). They also represent about 58% of the total drainage area (1137 000 km2 ) and
70% of a total population of about 55 millions (see Sweitzer et al., 1996). Since this region is
presently economically underdeveloped but will be integrated with the European Union, a rapid
economic development may occur with consequences for both labour intensive industries and
private consumption. Hence the fate of this region will certainly affect and control the Baltic proper
ecosystem. However, the nutrient retention in the Gulfs of Finland and Riga is high. It is estimated
that only 25% of the nitrogen load to the Gulf of Riga will reach the Baltic proper while the
phosphorus load seems unaffected (Yurkovskis et al., 1993). In the Gulf of Finland it is estimated
that about 25% of total nitrogen load and about 40% of the phosphorus load are retained (Perttilä et
al., 1995).

Contrary to both inorganic N and P both the DSi concentration and the DSi/NO3 ratio are
decreasing since the end of the 1960s (Sandén et al., 1991, and Rahm et al., 1996). In fact, the latter
ratio is approaching unity, i.e. the Redfield ratio for diatoms in the Baltic. There are no indications,
as mentioned above, on a significant change in the DSi load by the rivers during the same period
(Rahm et al., 1996). However, major engineering works within the rivers took place in the 50s and
60s and therefore an early damming effect can not be excluded but reliable time series are missing
due to analytical shortcomings. Humborg et al. (2000) have estimated a relation between residence
time of water in the Scandinavian rivers and silica retention, which clearly indicates the importance
of the damming effect. The limiting nutrient of the spring bloom is in the case of the Baltic proper
inorganic nitrogen (Granéli et al. 1990), but due to nitrogen fixation and/or utilization of organic
nitrogen (Eilola (1998) and Savchuck and Wulff (1999)) the net seasonal primary production may
be limited by the phosphorus available. However, the “non-limiting” silicate may get a crucial role
in the forming of the food web in a near future. The decreasing DSi/NO3 ratio suggests a possible
change from the dominating diatoms to other species, as is already observed in the Black Sea.

3.3.2. Changes in phytoplankton species composition
River nutrient discharges in the Baltic Sea are not spatially focused in one place as in the Black Sea.
Hence, extensive phytoplankton blooms are more diffusively distributed and mainly found in the
estuarine areas of the major rivers. However, massive blooms on extended areas as in the Black Sea
are not observed. In most parts of the open Baltic proper, except the Gulf of Riga, coherent patterns
of eutrophication could not be demonstrated in the plankton community. Only slight increases in
phytoplankton biomass were observed (Wasmund and Uhlig, 2003), which can not be
unambiguously related to increased river inputs, because of the high natural variability of the
pelagic variables. The lack of comprehensible effects of increased nutrient inputs on phytoplankton
biomass and species composition in the Baltic Sea is certainly also caused by the limited data set,
which starts from 1979, about two decades after the major onset of increased nutrient river inputs.
During the third assessment period (1988-1993) in the HELCOM analysis of the Baltic proper, it is
reported (HELCOM, 1996) that the share of diatoms in the spring bloom has decreased while
flagellates have increased in the Southern Gotland and Bornholm Basins. This is attributed to mild
winters (Wasmund et al., 1996).
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3.3.3. Changes in Oxygen
The deep water exchange and oxygen supply in the Baltic proper is similar to the Black Sea.
Climatic variations are essential for the renewal frequency (Matthäus and Lass, 1995) but the
increased deposition of organic matter and consequently increased oxygen consumption has not
improved the redox conditions. Seen in a longer perspective, periods of hypoxia have for a long
time existed in the Baltic proper but a qualitative change occurred during the 50's and 60's
(Fonselius, 1985) coinciding with the assumed increase in nutrient load. Now a more permanent
hypoxia is interfoliated by anoxic conditions. These hypoxic or anoxic conditions are governing
both the sequestering of phosphate as well as the location of denitrification sites. One of the
consequences of the limited oxygen concentrations in the stratified deep water is that the spawning
grounds for cod have drastically decreased (Sparholt, 1996).

3.3.4. Changes in Benthos and Fish stocks
In the areas above the halocline in the Kattegat, the Baltic proper, the Gulf of Riga and the Gulf of
Finland the zoobenthos biomass has increased as a result of increased supply of organic matter to
the bottoms caused also by increased river nutrient inputs. In contrast, below the halocline, a drastic
decrease has been observed in all parts of the Baltic which is related to the increased appearance of
low oxygen concentrations (Andersin et al., 1990).

4. Conclusions
The examples of the Baltic and the Black Sea clearly show the interrelatedness of the coastal area
with the catchment area. They also provide some insight into the time lags that occur between
human activities in catchment areas, such as agriculture and river regulation, and their effects on the
physical and ecological states of the rivers and the coastal zone. The human influence in the Black
Sea is clearly a large one. The large population in the region causes large amounts of municipal and
industrial waste to be disposed in the rivers. These effluents lead to high phosphate concentrations
while the increased used of fertilisers in agriculture has increased the nitrogen load. Further human
activities such as the building of a dam has lead to a decrease of the silicate load. Together with the
aforementioned changes in phosphate and nitrogen load this has a large effect on the
silicon/nitrogen ratio, which in turn causes a shift in phytoplankton species. These effects of human
activities are strengthened by the natural constraint of the system such as the limited possibilities for
flushing. This natural constraint is also a characteristic of the Baltic Sea. Similar to the Black Sea,
the nitrogen and phosphorus loads have increased due to human activities while the Si load is
generally assumed unchanged by human factors. The significant decrease in silicate concentration
in the Baltic during 70’s and 80’s is attributed the increase in net primary production with increased
deposition of organic matter as a reasonable assumption (Sanden et al. 1991). The regulation of the
major rivers during the 50’s and 60’s may, however, have decreased the silica load (Humborg et al.
2000).

What are the lessons to be learnt from these case studies? The starting point is that if Coastal
Zone Management is to be effective an understanding of the coastal system, including the
catchment area, needs to be present. The elementary knowledge which is necessary for a true
interdisciplinary understanding is currently lacking. This understanding can be developed by
focusing on the various processes and interactions in the system, in combination with an analysis of
the spatial scales, temporal scales and issues of uncertainty involved. After creating a first overview
of the processes involved, it is necessary to study the interactions between human activities and
their effects (and also possible feedback mechanisms) in further detail. It is not enough to analyse
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the system from the point of limiting nutrient in the primary production, “second order effects” may
have equally drastic impacts on the ecosystem e.g. in the form of food web changes. Especially the
aspects of human behaviour needs to be included in the analysis as understanding the behaviour of
humans often provides us with opportunities to use policy instruments in an effective manner. One
possible way of linking human and natural processes, such as for the case studies of the Baltic and
the Black Sea, is through input-output analysis. Input-output modelling, as introduced before, is
able to incorporate both monetary and physical flows and as such provides a means of linking the
economy with its natural environment. Input-output models are essentially static, but it is possible
to include temporal aspects. The dynamic model formulated and constructed by Duchin & Szyld
(1985) is a natural extension of the static input-output model. The dynamic model has been applied
and computations have been made using empirical data.

It is further possible to include the effects of changes and developments, in the natural as well as
in the human system, in input-output analysis. Changes in economic structures and technology,
population growth and altering consumption patterns can all be described and the effects of these
changes can be analysed in input-output based models. Understanding, describing and modelling
technology changes and especially human behaviour, such as changing lifestyles and consumption
patterns, requires extensive and elaborate research. A complicating factor in the analysis of
interaction between human and natural processes in the Black and Baltic Sea is given by the issue
of co-operation. A sustainable management of the interlinked catchment-coastal zone area of the
Baltic and Black Sea requires interregional and international co-operation, including both private
and public actors. The cases of the Baltic Sea and the Black Sea can be seen as examples of the
'tragedy of the commons' (Hardin, 1968) which states that the degradation of a natural environment
can be expected if a large number of actors have access to a scarce resource. Individuals will behave
rationally and let their own interests prevail, leading to a situation which is not optimal from a
common interest point of view. The sustainable use and management of common pool resources,
such as coastal zones and catchment areas, requires co-operation of the actors involved (Olson,
1971; Ostrom, 1990).
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