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PREFACE

The study is dedicated to the Mediterranean Sea and its watershed pollution with nitrogen
compounds of atmospheric origin entering the sea through direct deposition and with riverine and
groundwater runoff.  This work was carried out by the Meteorological Synthesizing Centre-East
(MSC-E) of the Cooperative Programme for the Monitoring and Evaluation of Long-range
Transmission of Air Pollutants in Europe (EMEP) of the UN ECE Convention on Long-range
Transboundary Air Pollution under a contract with and at the request of the World Meteorological
Organization (WMO) which is a cooperating agency for the MED POL programme being
responsible for coordination of the MED POL activities in monitoring, modelling and assessment
of airborne pollution.  Financial support for the study was provided from the Mediterranean Trust
Fund.

The study report consists of 5 chapters:

1. Introduction prepared by ISSP RAS (Institute of Soil Science and Photosynthesis, Russian
Academy of Sciences) and MSC-E.

2. Short description of the Mediterranean watershed (ISSP RAS).

3. Nitrogen deposition on the Mediterranean Sea and its watershed (MSC-E).

4. Modelling of deposition nitrogen runoff (ISSP RAS).

5. The comparison of atmospheric nitrogen deposition runoff with direct deposition on the
Mediterranean Sea (ISSP RAS and MSC-E).

Authors of this report are: Prof. V.N.Bashkin (ISSP RAS), Dr. L.K.Erdman (MSC-E),
Mr A.Yu.Abramychev (ISSP RAS), Dr. M.A.Sofiev (MSC-E), Dr. I.V.Priputina (ISSP RAS) and
Mr A.V.Gusev (MSC-E).

SUMMARY

Calculations of the deposition of airborne anthropogenic nitrogen compounds on the
Mediterranean Sea and its watershed basin (without Nile catchment area) for 1992 was carried out
by a MSC-E model. Computed values of nitrogen deposition amount to 1097 kt of N for this part of
the Mediterranean watershed and to 1084 kt of N for the Mediterranean Sea. Estimates of nitrogen
deposition on the Nile watershed were taken from published results of global modelling. It was found
to be equal to 560 ± 200 kt of N per year.

On the basis of nitrogen deposition data the calculations of the deposited nitrogen runoff to
the Mediterranean Sea via rivers and groundwater were made. An assessment of this input was
made by the method including calculation of deposition nitrogen retention in terrestrial and
freshwater ecosystems on the scale of EMEP or ordinary longitude/latitude (LoLa) grid cells. It was
demonstrated that the main source of the data uncertainty is related to nitrogen runoff and retention
in different land cover types. It was found that leached fraction of deposited airborne nitrogen was
distributed over the Mediterranean watershed basin rather uneven and varied from 0 up to 47%.
Maximum values were for mountain areas of the northern part of the drainage basin where the
highest precipitations coincide with the mountain relief. Input of airborne nitrogen from the Nile
watershed was found to be practically negligible due to the low or absent runoff and very low
precipitation in the lower part of the river and intensive uptake of nitrogen in its biogeochemical
turnover in subtropical and tropical regions belonging to the upper Nile flow.
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According to ISSP model estimates the total riverine runoff of deposited atmospheric
nitrogen to the Mediterranean Sea amounts to 99 kt of N. On the basis of published data the value
of ground water nitrogen runoff was estimated as much as 2-9 kt of N. Consequently the total runoff
of airborne  nitrogen from the watershed is estimated as 105±4 kt or about 6% of the atmospheric
anthropogenic nitrogen deposited on the Mediterranean Sea watershed.

Budget of the total nitrogen input to the Mediterranean Sea from land-based sources was
considered. It consists of the input from rivers and coastal zone (800-1200 kt N,  including the runoff
of airborne nitrogen from the watershed 105±4 kt) and direct deposition on the Mediterranean Sea
surface (1084 kt of N).

Thus, the value of the airborne nitrogen deposition runoff (-100 kt of N) is equal to about 5%
of the total nitrogen load to the Mediterranean Sea from land-based sources (~2 Mt of N) or about
10% of the anthropogenic nitrogen deposition on the Mediterranean Sea surface ( - 1 Mt of N).
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1. INTRODUCTION

The nitrogen input into the Mediterranean Sea aquatorium occurs due to river runoff, direct
urban and industrial waste runoff and due to nitrogen deposition directly into the sea waters. The
first type of the given inputs is also connected with atmospheric deposition of nitrogen but it is very
difficult to distinguish the role of atmospheric deposition nitrogen in biogeochemical balance of this
element, especially that part of nitrogen which reaches the Mediterranean Sea aquatorium being
deposited on its drainage basin. These difficulties are related, firstly, to many uncertainties of
parameters characterizing nitrogen input, transformation in terrestrial and freshwater ecosystems,
corresponding retention, volatilization, denitrification, runoff etc. [EC EGAP 9/4b/1, 1992; Bashkin
et al, 1995; Bashkin et al, 1996; Nixon et al, 1996; Galloway et al, 1996; Prospero et al, 1996].

As already noted in [UNEP, 89, p.10]:

"The Mediterranean Sea is well-adapted to avoid excessive eutrophication. It loses deep
water, relatively rich in mineralized or recycled nutrients, and receives surface Atlantic water, in
which most nutrients have been used before entering Gibraltar. The situation is exactly the opposite
of that in the Baltic, where ecological mechanisms tend to recycle and accumulate large amounts
of nutrients."

Self-purification of the Mediterranean Sea is sufficiently high and oxygen deficiency is usually
observed in the vicinity of local sources of eutrophication more frequently involving industrial and
municipal discharges. The distribution of these sources along the Mediterranean Sea is uneven.
Their maximum fell within its north-western part and the Adriatic and the minimum - its south-
eastern part.

"Waste loads of domestic sewage, industrial discharges and agricultural run-off are probably
the major contributions polluting the Mediterranean Sea. The uneven distribution of runoff and
precipitation along the northern coasts of the Mediterranean Sea, combined with the northern
concentrations of population and industrial activity, contributes a waste load of pollutants to
Mediterranean waters that is confined first to the northern coasts and then is spread and
recirculated through the natural processes of advection and convection."

The nitrogen loading with river runoff, direct urban and industrial discharge to the sea in total
amount to 800-1200 kt/yr [UNEP, 1989]. According to MSC-E calculations, the nitrogen deposition
on the Mediterranean Sea surface from the atmosphere is about 1000 kt [Erdman et al., 1994] being
close to those characterizing the riverine loading. But until now there is no quantitative assessment
of the role of nitrogen that being deposed on the Mediterranean Sea watershed enters the
Mediterranean Sea with riverine discharge and direct coastal surface runoff.  Even the most recent
and comprehensive assessment of atmospheric deposition of nitrogen on the North Atlantic Ocean
and its watershed (Prospero et al., 1996) does not give the quantitative assessment of the N
atmospheric deposition amount in its riverine fluxes to the ocean and seas from the watersheds.

Furthermore, assuming that the nitrogen deposition is the only source of this element in
natural landscape, the background loads of nitrogen to riverine fluxes might be assessed to
represent the conditions in the watershed not affected by human activity but to find such
watersheds which meet these conditions is almost impossible. Thus, the best estimate of
background loads could be made for small, scarcely populated catchments with low human activity
and this gives an opportunity to compare computed values with experimental monitoring of N runoff.
However, contrary to the Baltic Sea drainage basin, there are only a few such investigations in the
Mediterranean Sea watershed.

Thus in accordance with the contract between the World Meteorological Organization and
the Meteorological Synthesizing Center-East for 1995/1996 FY, the report is aimed at the calculation
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of nitrogen deposition from the atmosphere on the watershed basin of the Mediterranean Sea, the
assessment of the input of airborne nitrogen to the sea through surface and underground runoffs
from the watershed, and the comparison of this input with direct deposition of nitrogen to the
Mediterranean Sea surface on an annual basis.

2. BRIEF DESCRIPTION OF THE MEDITERRANEAN SEA DRAINAGE AREA

The Mediterranean drainage basin is a vast area conjugating the territory with the surface
runoff to the Mediterranean Sea including the Nile watershed. The total area of this drainage basin
is 4,666,400 sq.km (1,796,400 sq.km without the Nile watershed which is equal to
2,870,000 sq.km). The sea surface area covers 2,505,000 sq.km.

For the sake of convenience the Mediterranean watershed is divided into watershed proper
(without the Nile watershed) hereinafter referred to as WSH1 and the Nile watershed hereinafter
referred to as WHS2 (Figures 2.1 and 2.2).

The following countries belong to the proper Mediterranean drainage basin (WSH1) having
the direct coastal line: Spain, France, Italy, the former Yugoslavia*, Albania, Greece, Turkey, Syria,
Lebanon, Israel, Jordan, Egypt, Libya, Tunis, Algeria, Morocco; a part of Switzerland is also included
to the Mediterranean basin but without a coastal line.

The biggest part of the Mediterranean drainage basin (WSH1) is situated in the evergreen
dry forests and bushes of subtropical climate. The natural unity reflects the predominance of
Mediterranean climate types, vegetation, soil, water regime of rivers, and agricultural land use types
as well as regional peculiarities of relief and humidity which determine the variety of landscape
types.

A characteristic climate feature is a predominance of dry hot summer and nonfrozen wet
winter. The humidity and precipitation decrease from north to south and from west to east (from
2000-3000 mm up to <100 mm). The permanent snow cover is absent in the northern part up to
the 300 m asl, in southern ones - up to 900 m. In the majority of terrestrial ecosystems of the
Mediterranean Sea drainage basin the evaporation exceeds the precipitation quantity: the difference
is deviated from 0-400 mm up to 1600-2400 mm in the central part of the Nile basin. The negative
precipitation-evaporation balance is also predominant for the aquatorium of the Mediterranean Sea
where the precipitation values are 100 mm in the south-east part and 1000 mm in the north part.

In the whole area of this drainage basin the rivers with rain and snow-rain (in the mountains)
type of water inflow are predominant. The maximum runoff is in autumn-winter and spring periods;
this runoff decreases significantly during the summer time. The river water is used widely for
irrigation. The values of full river runoff decrease from 600-1000 mm in the northern mountain
regions up to 10-15 mm in southern desert areas. The runoff increase is also connected with up
welling and carst regions. There are two groups of water balance and runoff. The undersurface
runoff is more typical for the southern part of the Balkan mountains and Asia Minor (25-40 and up
to 50%) whereas in the northern Africa the undersurface runoff does not exceed 20-25% and these
values are related to very high contrast of precipitation during the seasons.

There are more than 70 rivers in the drainage basin of the Mediterranean Sea (Table 2.1).

The predominant part of the given area is presented by the Mediterranean soil region where
the following soils are typical:

-----------------
* Note: The nitrogen deposition data used in this report are for 1991.  For that time, the data

exist only for the whole former Yugoslavia but not for individual states which have been
formed on its territory.
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- brown soils (cambisols) of dry forests and bushes having neutral pH values in the
upper part of soil profile, saturated by basic cations, humus content up to 4-5% and
sufficient nutrient content;

- brown forest soils are placed in the more humid north conditions with predominance
of mountain subtypes, the main parameters of which are related to parent materials;

- gray-brown soils under xerophytic bushes and grasses having low depth, high
carbonate contents with some spots of solonchaks in relief depressions (mainly
placed in Spain);

- heavy montmorillonitic soils widespread at flat ancient alluvial plains of Pyrenees,
Balkans and Apennines are used widely for irrigated rice plantations.

On the whole, the area of the Mediterranean soil region is up to 50% in agricultural land use.

In the east Asian part of this basin as well as in north mountain regions of Algeria and
Morocco the mountain subtypes of above mentioned soils are widespread and up to 30% of them
are used in agriculture. The soils of flat desert steppes of the south coast of the Mediterranean Sea
basin were formed on limestone deposition with carbonate materials from the soil surface, these
soil have low humus content and reddish colour. The relief depressions are under solonchaks.
These areas are predominantly used for pastures.

The Nile river drainage basin (WSH2) consists of the valley and delta with characteristic
features of irrigated ancient soils, with alluvial-meadow and alluvial-swamp soils and marshes as
well as the tropical rain forests and savannas predominant in the upper part of the Nile watershed.

3. NITROGEN DEPOSITION ON THE MEDITERRANEAN SEA (MDT) AND ITS
WATERSHED (WSH)

3.1 Introductory comments

In this chapter deposition of nitrogen compounds on the Mediterranean Sea (MDT) and its
watershed (WSH) are considered.

The assessment of nitrogen deposition on MDT has already been made by MSC-E. The
Report [Erdman et al, 1994] provides estimates of total depositions of nitrogen compounds in 1991
along with separate quantification of wet and dry depositions, deposition seasonal variations,
deposition distribution with MDT subbasins and countries-sources.  The total deposition of nitrogen
compounds on MDT in 1991 [Erdman et al, 1994] was estimated as 1067 kt.  In present study the
deposition for 1992 was estimated as 1084 kt.

Some estimates of nitrogen depositions on MDT within the geographical scope of the EMEP
grid (see Figure 3.1) are also presented in the work of  Barret et al (1995). They are 606 and 607 kt
of nitrogen in 1991 and 1992 respectively but the calculation region of EMEP does not cover the
eastern and south-eastern parts of MDT.

Integral estimates of nitrogen deposition directly on WSH had not been made or at least
published before preparation of the present report.  As it was already mentioned in Chapter 2,
WSH1 is a part of the MDT drainage basin without the Nile watershed. Some ideas on the nitrogen
load on WSH1 can be inferred from assessments of depositions on the Mediterranean countries
in 1991 provided by MSC-E [Erdman et al, 1994] and MSC-W [Barret et al, 1995] and presented in
Table 3.1. It is evident that nitrogen deposition on the Mediterranean countries is nearly twice as high
as on MDT. Since WSH1 area is only a part of that of the Mediterranean countries then deposition
on it is of the same order of magnitude as depositions on MDT. Total deposition on WHS2 had not
been estimated. There are also nitrogen deposition maps of the region in question compiled within
the framework of global models ([Rodhe et al, 1995], [Dentener&Crutzen, 1994], [Gallardo&Rodhe,
1995]).
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Hence this chapter is dedicated to:

1. Calculations of deposition fields of nitrogen compounds for MDT and WSH1 and total
deposition on these regions.

2. Estimation of total nitrogen deposition on the Nile watershed using deposition fields
calculated by global models.

The results obtained are used as the input for calculations of the airborne nitrogen run-off
from WSH to MDT.

3.2 The process of airborne nitrogen transport.  Peculiarities of the Mediterranean
region

Nitrogen compounds are emitted to the atmosphere as NOx (predominantly as NO) and as
NHx (actually as ammonia). Fuel combustion in industry and transport is the main source of NOx
emission. As to NHx its main source is agricultural activity (livestock husbandry and the application
of fertilizers) and fertilizer production. Burning of biomass is a considerable source in the tropics.
Thunderstorms (for NOx) and  soil and vegetations (for both species) are natural sources of
emissions.

The fate of nitrogen in the atmosphere depends on the initial height of its emission. In
general the higher a pollutant is emitted the longer its transport can be. Normally the industrial
emission sources are high (up to several hundreds of metres), and the transport emission sources
are low. Ammonia emission sources from agricultural activity are low and sources of fertilizer plants
can be high. Sulphur is also involved in the cycle of ammonia chemical transformation and more
than a half of sulphur emission sources are high.

In the spatial distribution of nitrogen emissions the peculiarity of the MDT location plays an
important role: the Mediterranean Sea is situated in a "trough" between two sufficiently powerful
regions-emitters - central European and central African ones. The first region is characterized by
highly developed industries and agriculture, the second one - by the activity of micro-organisms in
tropical rain forests (only NOx) and biomass burning (NOx and NHx) ([Dentener
&Crutzen, 1994], [Penner et al, 1991]). Such distribution of sources in many respects determines
the gradient of nitrogen deposition.

Nitrogen is transported by air flows. Absolute values and directions of transport velocities
are controlling factors here. One of the most important peculiarities of the Mediterranean region is
noted in [Dayan et al, 1989] "The topography behind the coastline of the Mediterranean is complex;
it provides both barriers to and channels for air flow that bring at times extremely different air
masses to the region. Strong winds, which are funnelled through gaps in the mountain ranges that
surround the Mediterranean Basin, are among the best known meteorological features of the region:
(1) the north-westerly mistral through the Alps-Pyrenees gap; (2) the north-easterly bora
through the Trieste gap; (3) the easterly levanter and the westerly vendaval through the Strait
of Gibraltar; and (4) the warm south-easterly to south-westerly scirocco, ghibli, or Khamsin
from Africa."

In two thirds of cases the air masses reach the western part of MDT from the northern and
western directions and the eastern part - from the north-eastern and north-western directions (data
are obtained on the basis of a trajectory analysis at the level of 1000-850 hPa [Dayan et al, 1989,
Fig. 31]).

In winter months for both eastern and western parts of MDT the initial points of reverse
trajectories are located closer to the west and during the rest of the year - closer to the north [Dayan
et al, 1989, Figs. 32 and 33]. The mean velocity of the atmospheric transport up to two days is 10
m/s and more for the predominating direction and it is two times less for less probable directions
[Dayan et al, 1989, Figs.34 and 35].
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In the course of transport the pollution is diffused in both horizontal and vertical directions.
The velocity of vertical diffusion to a great extent is connected with the atmospheric stability in the
point considered. In general the atmosphere above MDT is rather stable and the mixing layer depth
is about 1000 m. This estimate is reasonable for the atmosphere above large water mass and it is
confirmed by measurements of more than 100 radiosounding stations [Dayan et al, 1989, p.3].
However, the interaction of the large-scale atmospheric flows with peculiar orography of the MDT
coastline should affect both horizontal transport and vertical mixing which should have been taken
into account in the simulation in the scale of hundreds of kilometers.

The transported pollutants are scavenged from the atmosphere due to capture by the
underlying surface (dry deposition) and due to wet deposition, i.e. scavenging by precipitation and
cloud moisture. The Mediterranean region is characterized by a prolonged dry season. It is also true
for desert and semidesert regions of North Africa.

A climatic pattern of the annual precipitation variation has a zonal character with distinct
minimum (<100 mm/year) at 150-300 N with a gradual increase of precipitations to the north and
south. In the vicinity of the equator the precipitation norm amounts to 1000-2000 mm/year and in
the northern coast - 500-1000 mm/year. Therefore the share of dry deposition in nitrogen total
deposition in the MDT region is greater than on the average for Europe and in particular for the
European north-western part. 

During the transport nitrogen compounds are involved in a number of chemical
transformations with the participation of sulphur compounds, VOC`s and ozone. The chemical
transformation scheme and basic reactions characteristic of the long-range transport of nitrogen
compounds used in the MSC-E model are given in Annex A dedicated to the description of the MSC-
E model. In comparison with average European conditions the MDT region is characterized by
enhanced insolation, high temperatures and reduced humidity. These factors affect a number of
reaction rates.

All these features are reflected in transport models of pollution in particular of nitrogen
compounds. Individual characteristics of the process are treated in different ways depending on
models, their specific designation and even personal inclination of modellers.

For the evaluation of depositions on MDT and WSH1 special calculations were made using
the MSC-E regional model (the version of 1996). The evaluation of deposition on WSH2 were based
on calculation results obtained by the global model MOGUNTIA ([Rodhe et al, 1995],
[Dentener&Crutzen, 1994], [Gallardo&Rodhe, 1995]). Calculations with the MSC-E model are made
for 1992, the MOGUNTIA assessments are climatic. Necessary information on the models used,
input data and calculation results are discussed.

3.3 The MSC-E model. General description. Information fluxes

The MSC-E model developed in the period of 1991-96 was used for the assessment of
depositions on MDT and WSH1. It is an Eulerian one-layer model with allowance for vertical
distribution. It operates with real 6-hour meteorological information. The model is described in Annex
A. The input data involve geographical, meteorological and emission information. Measurement data
(if any) are used only for the evaluation of the quality of results.

3.3.1 Geographical data

The region covered with calculations of deposition on MDT and WSH1 is shown in Figure
3.1. It is produced by the shift of the standard EMEP grid which is also shown in the figure. The grid
size is 150 x 150 km2 at latitude 600 and it is reduced with the latitude on account of the scale
distortion in the polar stereographic projection. The shift of the calculation region relative to the
EMEP grid comprises 5 squares along both co-ordinates and it is directed from the pole. The
choice of the calculation region was influenced by the wish to cover more completely the area of
MDT and WSH1 and therewith to take into account the availability of meteorological and emission
data.
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Geographical information includes geographical co-ordinates, surface type (sea, land, large
fresh water basins, coastal line) and the height above the sea level. Together with emission the
allocation of certain receivers (or their parts) to cells is also introduced to the model. Each country,
territory or water basin can be represented as an area source, receiver or both. In particular a
source can have no area (point sources).

3.3.2 Meteorological information

Meteorological information used (1992) includes:

- orthogonal wind components at 850 and 1000 hPa levels;
- precipitation amount;
- temperature (at 2m above surface).

The averaging interval is 6 hours, spatial resolution - 150150 km2. The data are prepared by
the Russian Hydrometeorological Centre using real meteorological data processed with a special
objective analysis [Shapiro, 1981]. In areas where the observational information is not available
(ocean, desert, etc.) a combination of extrapolation/interpolation algorithms with climatological data
is used.

Using above mentioned meteorological data and methodology elaborated in co-operation
with the Russian Hydrometeorological Centre the models estimate the  state of the underlying
surface and other physical parameters important for the calculations.

It should be noted that for the MDT region especially for its southern part there is a deficiency
of observational meteorological data in particular on precipitations. "The information about seasonal
precipitation fields over the Mediterranean including rain frequencies and rates, is not sufficient"
[UNEP, 92, Para 4.4.4]. This fact should be taken into account in the assessment of uncertainties
of the obtained results.

3.3.3 Emission data

The bulk of anthropogenic pollution by sulphur compounds, nitrogen oxides and ammonia
comes from various sectors of industry, transport and agriculture.

Nitrogen oxides

Nitrogen oxides (NOx) usually include two pollutants - nitrogen dioxide (NO 2) and nitric oxide
(NO). In comparison with SO2, NO x  is less important, although  significant contributor to acid
deposition. NO2 is significant in terms of impact on human health. In addition, NO  2 and NO are
precursors of ozone (O3), a greenhouse gas.

Similar to SO2, NOx emissions are strongly dependent on fossil fuel combustion. The
CORINAIR 85 inventory indicated that 93% of the total NOx emission in Europe are emitted from fuel
combustion (including 54% from road transport, 24% from power plants and 6% from non-industrial
combustion). The remained categories (oil refineries and production processes) to some extent are
also dependent on the use of fuel. According to CORINAIR 90 (1995),  57% of NOx emission are
accounted for road transport and other mobile sources and 39% - for stationary ones (industrial and
non-industrial fuel combustion and power stations).
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Ammonia

According to the CORINAIR 85 inventory, 80% of the atmospheric ammonia (NH3) emission
are produced from the decomposition of wastes from domestic animals. About 10% of NH3
atmospheric input is due to nitrogen fertilizers application. The rest of NH3 emission originates from
other sources, mostly from industrial nitrogen fertilizers production. From CORINAIR 90 the share
of agriculture as a whole amounts to 92%.

It should be noted that in the African part of the calculation region biomass burning makes
a certain input to the emission of the listed species. Rodhe et al, (1995, Table 1) pointed out that
the fraction of biomass burning is about 20% of global NOx emission. In the spatial distribution of
NOx emission originated from biomass burning the maximum is observed in tropical regions of
Africa (alongside tropical regions of South and Central America, Australia and south-eastern Asia
[Penner et al, 1991]). In calculations of deposition on WSH1 this sector of emission is not included.

Sulphur dioxide

Sulphur dioxide (SO2) was one of the first pollutants to be inventoried due to its impact on
human health and input to acid deposition. SO2 is one of the air pollutants the emission of which is
easy to quantify since it results from fossil fuel combustion and hence depends on the sulphur
content in the fuels. Here sulphur compounds are considered because of their importance for
chemical transportations of reduced nitrogen.

According to the CORINAIR 85 inventory [CORINAIR 85], about 66% of the total SO2 in
Europe are emitted by power plants and non-industrial (domestic) combustion, 19% by industrial
combustion and the remaining 15% from oil refineries, road transport and various production
processes, many of which also include some use of fossil fuel. According to CORINAIR 90 (1995)
power plants and domestic fuel combustion emit 65% SO2 and 25% - industry.

As to the source height then again from CORINAIR 85 about 55% of SO2 emission were
produced by large power plants. These power plants are relatively few in number: there were 1446
point sources inside the EMEP grid with thermal heat input greater than 50 MW. These plants are
usually considered as a source with emission at >100m height. According to CORINAIR 90, high
sources are responsible for more than 50% of SO2 emission as well.

Emission data for 1992 used in calculations within the EMEP grid were provided by MSC-W
of EMEP in 1993. They were updated with allowance for official total emissions in 1995 [UN
Economic Commission for Europe, document EB.AIR/R.92/Add.1]. The latest official data were also
published, for example, in [Barret et al, 1995]. For the Commonwealth of Independent States (CIS)
countries some expert estimates were used.

Emission estimations for sulphur and nitrogen oxides for the Mediterranean countries within
the limits of the calculated region but outside the EMEP grid were based on assessments made
by EMEP/MSC-W/CCC for the north Africa (Algeria, Tunis, Libya) [Sandnes&Styve, 1992]. Specific
values of the above mentioned compounds per capita for these north African countries were used
for the emission estimations in the region of calculation allowing also for the industrial development
level and population [UNEP, 89].

The main source of ammonia input to the atmosphere in the majority of countries is cattle
breeding. NH3 emission estimations were made on the basis of available data on quantity of
domestic cattle and poultry in each country and averaged emission factors for each species
[Annual reference data, 1990; Buisman et al, 1987; Van der Most & Veland, 1992; Thomas &
Erisman, 1990].
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The input of non-MDT countries to the pollution of the MDT countries is small for non-
European countries-receivers: in most cases it is <10% of the total pollution of the country. For
Spain and Italy this contribution is 15% or less. For France, Greece and Turkey this input is 40%
and more for oxidised nitrogen and 20% and more for reduced nitrogen.

3.4.3 Deposition on the Nile watershed

The MSC-E model could not be applied to calculations of the nitrogen deposition on the Nile
watershed because necessary input data were not available. Thus it was decided to use published
results for this region obtained by global modelling. In doing so on the one hand the considerable
uncertainties of results were realized but on the other hand, practically negligible runoff of airborne
nitrogen from the Nile watershed reduces the importance of this area (see next chapter).

Data on wet deposition of oxidised nitrogen [Gallardo&Rodhe, 1995] and total deposition of
reduced nitrogen [Dentener&Crutzen, 1994] obtained by the "Moguntia" model [Zimmerman, 1988]
and cited in [Rodhe et al, 1995, fig.3 and 4] are used in the calculation of the nitrogen runoff. The
deposition pattern shown in these figures is of a distinctive zonal character. The reduction of
deposition density of oxidised and reduced nitrogen is observed from the equator to almost the
Mediterranean coast.

Approximately 190 ± 60 kt N deposit on the Nile WSH as wet NOx deposition and 370±140
kt N as NH3 total deposition. Hence total deposition on the Nile WSH amounts to 560±200 kt of
nitrogen compounds excluding NOx dry deposition.

All integral estimates are summarized in Table 3.7 containing calculated values of nitrogen
deposition on MDT and its watershed.

Table 3.7: Deposition of nitrogen compounds on the Mediterranean Sea and its watershed
(kt N per year) in 1992

Receivers/Compounds       NOx        NHx     N Total

MED      660       424      1084

WSH1      601       496      1097

WSH2 190 ± 60* 370 ± 140  560  ± 200

WSH 790 ± 60 870 ± 140 1660 ± 200

MED The Mediterranean Sea
WSH The Mediterranean watershed
WSH1 The Mediterranean watershed without watershed of the Nile
WSH2 Watershed of the Nile
* Wet only
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4. MODELLING OF THE AIRBORNE NITROGEN RUNOFF

4.1 General ideas for calculation

The following approach was used in order to estimate the riverine input of airborne nitrogen
to the Mediterranean Sea from its drainage basin: quantitative assessment of a part of atmospheric
deposition nitrogen which is retained in terrestrial and freshwater ecosystems and calculating a part
of nitrogen entered the Mediterranean Sea aquatorium by rivers as a difference between its
deposition and retention. This approach represents the quantitative estimates of various links of
nitrogen biogeochemical cycle and its different tropical chains [Kuylenstierna and Chadwick, 1992;
Bashkin et al, 1995; Gough et al, 1995].

4.2 Model structure

The majority of existing experimental data on nitrogen transformation are related to specific
soils, their main features, such as physical-chemical parameters, mechanical composition, relief
position, water regime etc. as well as with land use/cover types and nitrogen uptake in terrestrial
ecosystems depending upon the external input of this nutrient. So, these data have to be used in
the structure of the model applied to calculations. It seems very important to use also experimental
data on nitrogen retention (uptake, immobilization, denitrification etc.) during flowing in freshwater
ecosystems taking into account their tropical stage and residence time. For reducing an uncertainty
of experimental results and expert estimates, the spatial and temporal resolution of the model has
to be determined very correctly, i.e. minimal taxon level must be chosen in order to support by
information all model calculations. Accounting to the available information on the Mediterranean Sea
drainage basin, the resolution level was connected with LoLa-grid cells (1 grad.longitude x 1
grad.latitude), which were subdivided into elemental taxones in accordance with soils and land
cover types of NASA data sets of the Mediterranean Sea drainage basin [Rudolf and Schneider,
1994; Koster et al, 1994; DeFries and Townshend, 1994].

Accordingly, the model structure consists of a nucleus and various data bases (DBs)
(atmospheric precipitation input of nitrogen compounds; soil and land cover types; values of runoff
coefficients; values of nitrogen uptake, immobilization and denitrification; retention in terrestrial and
freshwater ecosystems etc.). The calculation algorithm is shown in Figure 4.1.

4.3 Calculations of the nitrogen runoff

4.3.1 Initial Information

The land cover types, types of soils and their properties (texture types and relief), and water
regime are taken from NASA DB [Rudolf and Schneider, 1994; Koster et al, 1994; DeFries and
Townshend, 1994]. C:N ratio of soils in Europe was taken from FAO-UNESCO maps, [FAO-
UNESCO,1981] as well as a map of the World [Kovda, 1973].

4.3.2 Calculation algorithm

On the basis of above mentioned conceptual and technical approaches, the following
algorithm has been applied to the assessment of values of nitrogen input to the Mediterranean Sea
from its drainage basin [Kuylenstierna and Chadwick, 1992; Bashkin et al., 1995]:

Nleach = 3  (Ntd - Nu)*(Ktretl*Ktret2*Ktret3*Ktret4)*Kw,

where: Nleach - deposition nitrogen leaching into the rivers and then into the Mediterranean Sea; l -
land cover types in every elemental soil taxon, accounting to soil texture and slopes; Ntd - nitrogen
deposition in every land cover type; Nu - nitrogen uptake rate in every terrestrial land cover type;
Ktret1-Ktret4 - coefficients of nitrogen retention in terrestrial ecosystems depending on soil features;
Kw - coefficient of nitrogen retention in various water bodies (rivers, channels, lakes, swamps,
ponds etc.) of every land cover type.
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4.3.2.1 Nitrogen runoff from terrestrial ecosystems

Nitrogen as nitrate or ammonium is taken up by plants or used by the soil microfauna and
bacteria. Nitrogen deposited as nitrate on to the soil could leach from the soil where deposition
exceeds uptake and immobilization. Ammonium is less likely to leach as it is adsorbed by the cation
exchange complex and may be held from leaching by certain "reaction" with clay minerals
[Kuylenstierna and Chadwick, 1992).

The nitrogen removal from ecosystems is equal to the uptake and accumulation of nitrogen
during the crop rotation period into the harvested parts of the plants. This uptake will be a function
of plant species, site fertility and climatic variables as well as management regimes. The removal
from the ecosystem will then depend on what part of the plant is removed: in many tree species,
for example, over 90 per cent of the nitrogen in the standing crop is in the leaf material
[Kuylenstierna and Chadwick, 1992].

In areas where deposition exceeds uptake and removal rates there is still often a very low
rate of nitrate leaching which suggests another sink for nitrogen. Denitrification is one mechanism
but this is unlikely to be high except in wet, waterlogged areas that are very scarce in the
Mediterranean drainage basin. There is a very good evidence for nitrogen build up in soils under
certain conditions. There is evidence that the accumulation rate of organic matter has increased
in recent decades and it would seem to be temporarily immobilizing the increased nitrogen input
in some ecosystems.

Likewise ion leaching, the nitrate leaching rate is greater in soils with good drainage
properties. In poorly drained and waterlogged soils less nitrate is leached down through the soil
profile and so leaves the soil either by lateral flow or by denitrification. There are difficulties in
quantifying denitrification and immobilization rates since there is a great degree of spatial
heterogeneity in the denitrification and also uncertainty in measurements at specific sites
[Kuylenstierna and Chadwick, 1992].

So, taking into account the nitrogen deposition field (see Chapter 3) it would seem that there
is a deposition rate below which there is little nitrate leaching and above which nitrate leaches at
different rates. This could be explained by the fact that nitrogen does not leach until uptake rate is
exceeded and that, after this point has been reached, the leaching rate then depends on the degree
of immobilization in the soil.

In order to quantify the values of nitrogen runoff from terrestrial ecosystems, it is necessary
to estimate the uptake and removal of nitrogen and also the rate of immobilization and denitrification
and use these values to determine the degree to which nitrogen deposited in ecosystems will leach.

Uptake and removal

Natural communities which are not harvested or managed will have only small overall net
nitrogen removal rates that may be ignored. The uptake rates and removal at the harvest may be
estimated from the amount of biomass harvested. The method used here is not to access such
data which exist but require a huge data gathering effort for the Mediterranean drainage basin; it is
to approximate the nitrogen removal rates for various vegetation types by using values given in the
literature. Nitrogen deposition itself will cause plant growth to increase and nitrogen uptake rates to
increase. Such degree of accuracy is not included in the given simple estimation of uptake and
removal rates.

On the basis of NASA DB [Rudolf and Schneider, 1994; Koster et al, 1994; DeFries and
Townshend, 1994] on vegetation and land cover and from a literature survey [Kuylenstierna and
Chadwick, 1992] it was decided that the following land cover categories which could represent the
variation in the nitrogen uptake are water/freshwater, forests, various grassland, shrubs, deserts







29

Steep topography increases the rate of leaching. Generalized (area weighted) slopes have
been taken as a substitute for topography according to Koster et al. (1994). Regions with the slopes
more than 30-40% were assumed to increase the leaching up to 95 per cent, whereas under flatty
relief  only 50 per cent of nitrogen could leach (Table 4.2).

So, Table 4.2 shows the categories of the main factors together with estimates of the
degree to which the different categories affect nitrate leaching. The combined effect of the factors
on the nitrogen leaching is considered to be multiplicative. For example, sites with a C:N ratio of >20
are considered to leach only 10 per cent of the available nitrate in the soil, the rest being
immobilized. If this site also is poorly drained, then only 50 per cent of these 10 per cent could be
leached (i.e., only 5 per cent of the available nitrogen will leach).

The analogous approach has been applied to the European part of the Mediterranean Sea
drainage basin by J.Kuylenstierna and M.Chadwick (1992) to show the acidification influence of
nitrogen.

The computed results obtained for the Ntret values in different land cover and soil types were
compared with those existed in literature. The atmospheric N input in Europe and North America
has increased dramatically during the last decades due to emission of NOx from combustion
processes and of NH3 from agricultural activities. The nitrogen deposition to forest ecosystems
generally exceeded in the 1980`s 20 kg/ha/yr in the central part of Europe and even reached
100 kg/ha/yr in some impact areas [Ivens et al, 1990; Hauhs et al, 1989; Gundersen and Bashkin,
1994). Forest ecosystems may accumulate considerable amount of N in biomass and soil organic
matter, but there is an increasing evidence that forest ecosystems may be overloaded with N from
atmospheric deposition that leads to increasing leaching of nitrates and so called "nitrogen
saturation" can occur. The nitrogen saturation can be defined as a situation in which the supply of
inorganic nitrogen exceeds the nutritional demand of biota and it becomes apparent through
increasing leaching of N below the rooting zone [Aber et al., 1989]. The review of nitrogen saturation
in forest ecosystems presented by P.Gundersen and V.Bashkin (1994) shows that the values of
nitrogen accumulation may be within the limits of 1-142 kg/ha/yr but the most statistically significant
values for the forest ecosystems of central and north-western Europe were between 6-24 kg/ha/yr.
In south Europe these values are a little bit lower.

At present a great attention is given to an assessment of wetlands as intermediate
ecosystems between terrestrial and water ones. The nitrogen retention capacity of different types
of wetlands has been studied in the  project "WETLAND AND LAKES AS NITROGEN TRAPS" led
by M.Jansson in the beginning of the 1990`s. The results have demonstrated that N removal in
wetlands depends mainly on denitrification. In addition to denitrification, sedimentation can be
quantitatively important during water flooding periods. Large-scale establishment in the agricultural
areas in southern Sweden with a great number of wetlands within a catchment may reduce the
nitrogen transport by up to about 15%. In most cases, the result will probably be less. Furthermore,
in addition to studies of nitrogen removal in wetlands, suitable for use in farmland areas, a study of
the retention capacity of forest wetlands showed that N losses from forest (1-5 kg/ha/yr) are
considerably lower than from arable lands [Jansson et al, 1994]. In case of southern Sweden,
where the forest ecosystems make up a major part of the catchments draining to the Baltic Sea
coast, nitrogen derived from forest areas amounts as much as 50% of the total N input. The authors
concluded that the N removal capacity of forest wetlands is more or less unknown but could be
considerably high under the increasing input values of nitrogen [Jacks et al, 1994].

The values of possible (potential) retention of N in different ecosystems depending upon the
land cover and land use have been also compared with those suggested for the empirical N critical
loads [Bobbink and Roelofs, 1995; Hornung, 1995] and for natural N leaching [Kuylenstierna and
Chadwick, 1992] which vary within the limits of 3-25 and 2-8 kg/ha/yr, correspondingly.
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Resuming this part, one can conclude that the values of retention of atmospheric deposition
N in different ecosystems obtained experimentally can be quite significant, up to 30-40 kg/ha/yr in
agricultural and managed forest ecosystems, but both computed and experimental reasonable
values were within the limits of 3-15 kg/ha/yr. These values are similar to those used for calculation
of nitrogen critical loads [Grennfelt and Thornelof, 1992; Downing et al, 1993, Posch et al, 1995).
For example, the critical loads of permissible nitrogen leaching for the southern regions of
Switzerland are within the limits of 4-7 kg/ha/yr [Ackerman, 1995, Posch et al, 1995].  Similar values
were found by J.Kuylestierna (1996) for southern Europe in general.

4.3.2.2 Nitrogen retention in freshwater ecosystems

The coefficient Kw, reflecting the ratio between output of N from the water system and its
input to a given system has been applied.

The values of Kw in various water sources have been calculated as following:

Kw = (1 - Kwret1)*(1 - Kwret2)*(1 - Kwret3),

where: Kwret1 is retention in open water bodies such as lake and swamps; Kwret2 is retention in river
and channels; Kwret3 is retention in large rivers.

The values of Kwret1- Kwret3 are dimensionless as a part of nitrogen entering the water body
or per cent from the input whereas values of retention may be expressed as absolute values, for
example in mg/m2/yr or kg/km2/yr, etc.

The minimum annual values of retention coefficients Kwret equal to 5% of the N input to a
water body for temporary rivers were assumed to be like those in northern Africa. Whereas, the
permanent retention of nitrogen in the sediments of lakes can be of 14-33% and even more of the
external loading [Ahlgren et al, 1994; Mosello et al, 1995]. The experiments from other regions give
similar results. For example, the analysis of the input/output mass budgets for lakes in the Ontario
river basin showed that the ratio of output to total measured plus estimated input for the 1981/82
and 1982/83 water years varied for NH4 from 0.2 to 0.9 (retention of 10-80%, mean 41%) and for
NO3 from 0.7 to 0.9 (retention 10-30%, mean 21%) [Jeffries and Semkin, 1987].

Depending on subregion, land cover and soil types, hydrological and hydrochemical types
of water bodies and especially their bottom sediments, the values of nitrogen retention (N uptake,
Nupt; N immobilization, Nim; N denitrification, Nde) during transport by water flows (rivers, channels,
lakes etc), were assumed to alter within the limits of 0.05-0.80 accounting for different experimental
results [Jeffries and Semkin, 1987; Hinga et al,1991; Jansson et al, 1994; Fleischer et al, 1994;
Ahlgren et al, 1994; Khrissanov and Osipov, 1993; Thies, 1995 et al).

For freshwater ecosystems (lakes, swamps etc.), we assumed that the values of nitrogen
retention include nitrogen uptake and immobilization (Nupt + Nim) as well as denitrification. The latters
were assumed to be equal to 0.05-0.45 of the input, where the minimum values (<0.1) were
suggested to be used in the water bodies with sand bottom sediments and water residence time
less than 3 days. Average values (0.1-0.4) were used for the most frequent cases with sandy loam
and loam bottom sediments and water residence time less than 1 year and the maximum values
(>0.4) for peats and swamps ecosystems with water residence time more than 1 year [Wyer, Hill,
1984; Bashkin, 1987; Jansson, 1994 etc]. The type of bottom sediments were determined on the
basis of land use and land cover data sets.

So, the calculation of Kwret1 for land cover "open water" bodies such as fresh and salt lakes
and swamps has been made for the resolution 1x1o LoLa grid on the basis of the data presented
in Table 4.3.
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application within the UN ECE Convention on Long Range Transboundary Air Pollution and in
particular, within the critical loads programme. The model describes the major dynamics and
transformations of nitrogen within catchment soils and surface waters and couples this to the
existing sulphur based model. Ammonium exchange within soils is not yet included to the model.
A relatively simple structure of the model and ease of calibration provide the scope for regional
application on large spatial scales [Jenkins, 1995].

However, there is no possibility to run this model and other similar models [ J.Kamari et al,
1989, etc.] due to lack of satisfactory data bases for the whole drainage basin of the Mediterranean
Sea and all calculations for the applied model has been computed using steady state mass-balance
approaches.

4.3.2.3  Underground runoff of nitrogen

At present there is little information regarding the leaching of atmospheric deposition nitrogen
into underground waters in the Mediterranean Sea drainage basin. The available information is
confined to nitrogen content in various underground waters in different parts of this basin [Moratti
and Chiarelli, 1988 etc.] and to the total underground runoff [UNEP, 1987]. Using these data, only
very preliminary calculations of the underground  runoff of atmospheric deposition nitrogen can be
carried out for WSH1.

The following assumptions have been used:

- the total underground runoff that is equal to more than 107 Gm3 (UNEP, 1987) can
be applied to calculation without subdivision into separate stratas;

- nitrogen content in the total underground runoff was assumed to be equal to 3 mg/L
in the whole Mediterranean Sea drainage basin;

- the share of deposition that could penetrate into underground water and form the
underground runoff is limited to 5 - 10%.

Using given assumptions two different methods of calculation were applied:

- calculation of the underground deposition nitrogen runoff as a part of the surface
runoff;

- calculation of a deposition part in the total sum of nitrogen leaching with the
underground runoff.

4.4. Results and discussion

4.4.1 Computed values of the atmospheric deposition nitrogen runoff

Figure 4.2 and Tables C.1 and C.2 ANNEX C show the calculated absolute and relative
values of the input of atmospheric deposition nitrogen with riverine runoff into the Mediterranean Sea
aquatorium from its drainage basin. The calculations have been made by the above mentioned
method for every 11o LoLa grid cell and grouped for every EMEP grid cell only for WSH1.

The deposition fields are presented in Chapter 3 and Annex B.

Depending on the EMEP or LoLa cell location, the share of the atmospheric deposition
nitrogen which enter the Mediterranean Sea aquatorium varied from 0 to 47%, for both WSH1 and
WSH2. The minimum values were found for Asia Minor, northern African areas and the Nile
watershed with low/absent runoff and very low precipitation or with intensive uptake of nitrogen in
its biogeochemical turnover in subtropical and tropical regions belonging to the upper Nile flow. 
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On the contrary, maximum values were found for mountain areas in the northern part of the
drainage basin where the highest depositions coincide with the mountain relief. It should be noted
that the maximum value of ratio between the airborne N runoff and direct deposition on the sea
equal to 0.88 was found for the EMEP grid cell 68/17. It seems to be unrealistically high and
apparently this value reflects an uncertainty connected with conversion from LoLa to EMEP cells.
The value of 99 kt was calculated for the total WSH1 and the atmospheric deposition nitrogen runoff
was almost negligible from the Nile watershed (WSH2). For the whole Mediterranean Sea drainage
basin the average riverine nitrogen runoff (99kt) was about 6% of the total of atmospheric nitrogen
deposited on the watershed area (1660± 200 kt) in 1992.

With regard to the underground nitrogen runoff directly into the Mediterranean Sea, these
total values varied within the limits of 4-9 kt/yr (method 1, section 4.3.2.3) and 2-4 kt/yr (method 2)
being on average 5.5 kt.

4.4.2 Comparison of computed and experimental results for various ecosystems

At present there is an agreement that the quantitative experimental assessment of the
fraction of atmospheric deposition nitrogen leached from the ecosystems is very difficult to make
due to many immobilization-mobilization processes in the internal nitrogen biogeochemical cycle
complicating the final values. However, in small forested catchments where the N atmospheric
deposition is the only source of this nutrient, one can estimate the ratio between input and output
of the given element [Moldan and Cherny, 1994]. Using so called "black box" method, the required
values were estimated in small catchment experiments located in different places of Europe. The
measurement of inputs and outputs of nitrogen in hydrologically and geologically well-defined
drainage basins is a powerful tool for analysing the processes which determine the biogeochemical
mass balance of this element [Paces, 1984; Bashkin et al, 1984; Bashkin, 1987; Kallio and Kauppi,
1990; Moldan and Cherny, 1994.].

Using this approach the nitrogen cycling was quantified for a considerable number of sites
during the last decade. Some examples are given below just to show the atmospheric deposition
nitrogen leaching parametrization in various regions of Europe.

The potential value of the empirical information was illustrated by a compilation of N data
from outgoing investigations in 10 coniferous forest sites over a “pollution gradient” in Europe
[Tietema and Beier, 1995]. These experimental compilations have been continued during the project
"Element Cycling and Output-Fluxes in Forest Ecosystems in Europe" - ECOFEE and the results
from a preliminary analysis of the data on N cycling have been published [Gundersen, 1995]. It has
been shown that the total inorganic N input ranged from 3 to 34 kg N/ha/yr in bulk precipitation and
from 2 to 64 kg/ha/yr in throughfall.

It has been suggested that forest ecosystems would respond to the permanent N input by
increasing the internal cycling of this element, especially such elements of the biogeochemical
cycling as biomass return, mineralization and litterfall fluxes will increase their capacity and turnover
rate [Aber et al., 1989]. The results of the ECOFEE project have testified to the effect of the N input
on the litterfall flux. Of all the sites included in ECOFEE, 60% leached more than 5 kg N /ha/yr
[Gundersen, 1995]. Elevated nitrate leaching appeared at inputs above 10-12 kg N/ha/yr and only
young stands retained all inputs up to 30 kg N /ha/yr. Increased nitrate leaching with increasing
stand age has been also observed in Wales [Emmett et al., 1995]. The latter authors remark that
enhanced nitrate leaching losses (5 - 35 kg N /ha/yr) in excess of those expected from pristine sites
(<5 kg N /ha/yr) were observed from all stands greater than 25-30 years of age. Under the
conditions of nitrogen saturation (i.e. the leaching >5 kg N /ha/yr) the nitrate leaching was
proportional to %N in forest floor horizons. Analogously, at annual inputs of less than about
10 kg N/ha/yr nearly all the nitrogen is retained and outputs are very small [Tietema et al., 1995].
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Studying the biogeochemical fluxes in plantation forests on acid soils (Klosterhede,
Denmark; Kootwijk and Harderwijk, the Netherlands; Hoglwald and Solling, Germany) T.Cummins
and co-workers (1995) have shown that nitrogen inputs are higher than nitrate-N outputs in five of
the soils, and it is likely that these sites are accumulating nitrogen. At one site, Hoglwald, the
nitrogen output is considerably in excess of the current input, and this site may have reached
saturation and be leaking nitrogen. The same situation has been observed in the ECOFEE project,
where four sites leached more nitrogen than the input was. This might be due to a disruption of the
N cycle [Gundersen and Bashkin, 1994; Gundersen, 1995]. The possible explanations could be the
following. At one of these sites, the leaching of 45 kg N /ha/yr was connected with an invasion of
insects resulted in defoliation of trees, decrease in the N uptake and increase in N leaching
[Pedersen, 1993]. At the site with the leaching of 50 kg N /ha/yr, the tree species change from
beech to spruce seemed to cause a release of the soil born N. Two Danish sites on calcareous
soils with very high nitrification rates were leaching 75-85 kg N /ha/yr. However, one should bear in
mind that differences from the input may be within the range of uncertainty of the flux estimates.

P.Gundersen (1995) has suggested to cluster the sites leaching nitrates in two groups: one
group of sites with inputs of 15-25 kg N/ha/yr that leached almost all the N input, and another group
of sites with inputs of 40-60 kg N /ha/yr that leached only about 50% of the input. The main
difference between these two groups appeared to be in the fraction of ammonium in the input. High
inputs above 40 kg N /ha/yr were generated from high ammonium depositions. Deposition of
oxidised nitrogen usually contributed only 10-15 kg N /ha/yr to the total input. High ammonium inputs
could to some extent be retained by soil and vegetation, whereas the retention of nitrate seems to
be low.

So, the analysis of the input-output data allows to draw the conclusion that at inputs above
10-15 kg N /ha/yr elevated nitrate leaching can be found in some forest ecosystems. New
catchment scale data from the UN-ECE Integrated Cooperative Programme (ICP) on Integrated
Monitoring (IM) also confirmed the input threshold at about 10 kg N /ha/yr where nitrate leaching
started to increase [EDC, 1995].

However, the relationships between ecosystem characteristics and leaching are not
conclusive. Ammonium dominated sites could often retain about 50% of the N input even at the high
input levels, whereas nitrate dominated sites at moderate inputs had low N retention [Gundersen,
1995]. This emphasizes the mobility of the nitrate ion and indicates that capacity to retain nitrate in
forests is relatively low. It was suggested that the internal N cycle would accelerate in an integrated
response to the leaching processes. A relative close relation between input and output of N
observed from the experimental studies can lead to the conclusion that forest ecosystems may
leach considerable amounts of nitrate even before they achieve the saturation stage in a biological
meaning.

The relative close relation between input and output was also emphasized by experiments
with decreased N deposition at saturated sites. At such sites nitrate leaching decreased
immediately after building a roof construction to remove the N input. The response of soil solution
chemistry to reduced inputs of N (and S) was strong and fairly rapid [Bredemeier et al., 1995]. The
same conclusion is true for the case of reducing the N input due to decreased nitrogen emission
by the industrial complex in Novgorod, Russia [Makarov and Kiseleva, 1995]. In a short time it
resulted in decreasing nitrification activity and corresponding significant changes of soil solution
composition and the riverine N runoff.

Under the study in the representative catchment in Crusne Hory Mountains (Czech
Republic), which was originally wholly forested and after tree-died and clear-cut was reforested by
birch and mountain-ash, mean annual fluxes of nitrogen were: deposition input - 16.2 kg/ha/yr,
output with runoff - 5.5 kg/ha/yr that means about 30% of leaching [Kinkor, 1987].
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The study area "Forellenbach" is located at Bayerischer Wald National Park, a middle-
mountain forest area in the eastern part of Bavaria close to the border of Czech Republic [Beudert
and Kennel, 1995]. The area of 0.69 km2 ranges from 787 to 1292 m a.s.l., annual mean air
temperature is 5.60C and mean annual precipitation amounts to 1319 mm (both in 945 m a.s.l.).
Montane spruce and beech forest with silver fir are growing on rather poor brown earth soils derived
from granite or gneiss and their periglacial solifluction covers. These solifluction covers together
with underlying layers of intensively disintegrated rock detritus form a huge pore ground water
reservoir which plays a major role in water cycling processes. Intensive measurements on element
cycling are carried out at each one monitoring plot under spruce and beech stands at 815 m and
825 m a.s.l. The "Forellenbach" area is also a sub-catchment of the "Grobe Ohe" catchment
(19.1 km2) which is being monitored since 1979. Mean annual nitrogen output in 1992 and 1993 was
6.4 kg/ha as nitrate nitrogen and less than 0.7 kg/ha as ammonia nitrogen. Compared to the
deposition input of at least 14 kg/ha (assumable additional dry deposition uptake in the canopy is
not considered) at least 7 kg/ha are retained in the system and the N retention was 52%. Simulation
of the nitrogen budget is more complex, but preliminary results indicate that tree growth (7 to
9 kg/ha/yr) possibly is not the only sink responsible for reducing nitrogen flux from about 21 kg/ ha/yr
(55% nitrate and 45% ammonia nitrogen) in deposition to 6 to 8 kg/ha/yr in catchment runoff of
"Grobe Ohe". The suggestion that nitrate reduction to gaseous nitrogen or N2O could be responsible
for the remaining sink term needs further investigations, another possible sink of nitrogen could be
long-term accumulation in humus matter due to lowering C/N-ratios.

From this comparison of experimental and computed results one can see that the nitrogen
cycle is complex as well as there are many uncertainties in various features of ecosystems [Posch
et al, 1993; Forsius & Kleemola, 1995 etc.]. From this it appeared that most ecosystems are
accumulating nitrogen and that the leakages are quite different. Increased biomass production has
been observed throughout Europe, which may be related to the deposition of N. The question of
whether there is a nitrogen problem was therefore posed. It was concluded that although there is
a tremendous accumulation of N going on at present, dramatic effects (leaching) may occur when
the systems become N saturated. It was pointed out that NO3 runoff from lakes and N in throughfall
have been shown to be positively related to the N deposition. This led to a discussion about the
need to group throughfall data by stand composition and characteristics in order to clarify the effects
of the N deposition [Forsius & Kleemola, 1995]. It was noted that calculating input-output balances
are easier at the catchment-scale than at the plot-scale.

Water chemistry data on which all investigations in the AL:PE 1(Acidification of Mountain
Lakes:Paleolimnology and Ecology) and AL:PE 2 (Remote Mountain Lakes as Indicators of Air
Pollution and Climate Change) projects are based, are available for 28 lakes in UK, Italy, Norway,
France (AL:PE 1) and in Norway, Ireland, Austria, Spain, Portugal, Poland, Slovakia, Slovenia and
Russia (AL:PE 2). Nitrate and sulphate concentrations have different distribution patterns among
the sites. Leaching of nitrogen was of a considerable importance to the acidification of lakes in the
Italian Alps [Mosello et al, 1995].

On the basis of the given biogeochemical approaches the comparison of available
catchment experimental and computed results of the N runoff has been carried out for various sites
in the Mediterranean Sea drainage basin (Table 4.5). One can see that there are only a few such
studies and the majority of them were carried out with lake watersheds [Mosello et al, 1995;
Camarero et al, 1995]. Nevertheless, both experimental and computed values have the same order
of magnitude.
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The C:N ratio may be a rather rough parameter to be used for estimating the soil organic
mineralization rates since there are other factors such as climate and vegetation type which may
influence the rate of mineralization. However, the C:N ratio is correlated with both of these features.
The knowledge of the immobilization rates may not warrant the complexity of the method suggested
here in which case more rough estimation methods could be used.

The transmission from 1x1o LoLa grid cells to 150x150 km2 EMEP ones is connected with
losing some information because the NASA DBs are related to a center of a LoLa cell and during
the conversion about 20% of existing and computed data could be lost.

4.5.2 Nitrogen retention in aquatic ecosystems

Uncertainties connected with the nitrogen retention in aquatic ecosystems are also subject
to the similar sources as it was mentioned above and originate mainly from (1) uncertainty
associated with various assumptions and simplifications and (2) uncertainty caused by spatial
resolution and scale transition from LoLa to EMEP cells. Similar conclusions can be drawn
regarding the nitrogen retention in aquatic ecosystems as this has been already done for terrestrial
ecosystems. The majority of simplifications are connected with extrapolation of retention (including
denitrification) data to the region where the experimental studies are scarce or absent, especially
for the Nile watershed.

Therefore, using all of these estimates, the uncertainty of the computed values
characterizing the atmospheric deposition riverine input of nitrogen into the Mediterranean Sea
aquatorium from its drainage basin can be as large as 10-50%, being in average 30%.

5. COMPARISON OF DIRECT AND INDIRECT INPUTS OF AIRBORNE NITROGEN TO
THE MEDITERRANEAN SEA

The final aim of the present study is related to a comparative assessment of values
characterizing the nitrogen input to the Mediterranean Sea from its drainage basin (indirect) and
those showing the nitrogen input to the sea surface (direct). Correspondingly, Table 5.1 shows that
the atmospheric deposition nitrogen input into the Mediterranean Sea via rivers in 1992 was
99 kt/yr or about 6% of total nitrogen deposited on the whole drainage basin, which was about
1660 kt/yr in accordance with our results. As it was mentioned above, no atmospheric nitrogen
runoff to the sea was found for the Nile watershed area (WSH2). If the whole Nile watershed area
(about 2,870,000 sq.km) is excluded from the Mediterranean drainage basin, the riverine input of
airborne nitrogen deposited on the watershed was 9.0% of the total N deposition (1097 kt/yr) on the
Mediterranean watershed without the Nile basin.

With regard to the underground nitrogen runoff directly into the Mediterranean Sea, the
preliminary total values varied within the limits of 2-9 kt/yr (6kt/yr on average) and the total sum of
atmospheric deposition nitrogen entering the Mediterranean Sea with the riverine and underground
runoff was about  105 kt (99 + 6 kt accordingly).

The MSC-E computed value of atmospheric nitrogen deposition on the Mediterranean Sea
surface was 1084 kt in 1992. So, the part of airborne nitrogen entering the sea with the riverine
runoff was 9.1% (or 9.7% including the underground runoff) from that deposited on the sea surface.
The estimated total riverine pollution and background load of nitrogen was 800 kt (600-1000 kt). This
means that in 1992 the part of atmospheric nitrogen, deposited on the Mediterranean Sea drainage
basin and entered the sea with rivers was equal to 12.3% of the total riverine load from the
watershed or 9.9% from total coastal (200 kt) and mean riverine loads.

With the total input of nitrogen into the Mediterranean Sea (including coastal and  riverine
inputs and  direct deposition on the sea surface) being about 2084 kt (1884-2284 kt), the estimated
part of the atmospheric deposition nitrogen entering the sea from the watershed with the rivers was
4,8% of the total N input (5.0% including the underground runoff).
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As it was indicated in section 4.4.1 the input of the airborne nitrogen from the watershed in
comparison with direct deposition on the sea surface is more important in the northern
Mediterranean then in the southern and that should be taken into account in developing the airborne
pollution control strategies.

For the Adriatic Sea the ratio of the airborne N input from the watershed to the direct
deposition to the sea is about 25% (10% for the whole Mediterranean Sea and about 40% for the
Baltic Sea), the shares of the airborne N runoffs in the total N inputs are consequently 10,5 and 12%
for these seas.  These ratios have been received from the following estimates: (i) direct depositions
of nitrogen to the Adriatic, Mediterranean and Baltic seas in kt/yr - 122.4, 1084 and 300; (2) runoffs
of airborne N to the seas - 30, 105 and 120 kt/yr, and (3) the riverine inputs - 182, 1000 and 650-850
kt/yr correspondingly.  These estimates allow also to conclude that the runoffs of airborne N from
the watersheds to the seas constitute correspondinly 9.8, 5 and 10.4-12.6% of the total N inputs to
the seas.  Thus the total shares of airborne N (direct depositions plus runoffs) from the total inputs
would be 50, 57 and 36.5-44.2%.

6. CONCLUSIONS

(a) Calculations of the deposition of airborne anthropogenic nitrogen compounds on the
Mediterranean Sea and its watershed (excluding the Nile watershed) for 1992 were carried
out using MSC-E model. Estimates of the nitrogen deposition on the Nile watershed were
taken from published results of global modelling.

(b) The computed nitrogen deposition amounts to 1097 kt of N for the Mediterranean watershed
(excluding the Nile watershed) and to 1084 kt of N for the Mediterranean Sea surface. On
the basis of published data the nitrogen deposition on the Nile watershed was estimated as
much as 560 ± 200 kt of N (the computed value was 574 kt of N).

(c) Calculations of the atmospheric deposition nitrogen input to the Mediterranean Sea with the
rivers from the drainage basin was carried out for 1992. The assessment was made on the
basis of a non-linear steady state mass-balance model of ISSP RAS using values of the
nitrogen runoff and retention in various terrestrial and freshwater ecosystems.

(d) The computed values of the atmospheric deposition nitrogen runoff to the sea was equal
to 99 kt/yr or about 6% of the total N deposited on the Mediterranean Sea drainage basin
which amounted to about 1660 kt in 1992.

(e) With regard to the underground nitrogen runoff directly into the Mediterranean Sea, these
total values varied within the limits of 2-9 kt/yr being very preliminary due to insufficient data.

(f) The part of atmospheric deposition nitrogen entering the sea with the riverine runoff was
9.1% (9.7% including underground runoff) of that deposited on the Mediterranean Sea
surface.

(g) Contribution of the airborne nitrogen deposited on the drainage basin area and entered the
sea via rivers was 12.3% of the total N riverine input of 800 kt/yr (600-1000 kt/yr) as
calculated for 1992 and about 6,3% of atmospheric N deposited on the watershed finally
entered the sea through runoffs.
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(h) With the total input of nitrogen into the Mediterranean Sea (including coastal and  riverine
inputs and direct deposition on the sea surface) being about 2084 kt (1884-2284 kt), the
estimated part of atmospheric deposition nitrogen entering the sea from the watershed with
the rivers was 4.8% (or 5% including the underground runoffs). Thus in the total N load to
the Mediterranean Sea about 57% are of airborne origin (52% due to the direct deposition
on the sea and 5% from the watershed).  These values could be taken into consideration
in different models and scenarios of nitrogen emission reduction in the Mediterranean Sea
drainage basin.
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