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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).



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 sg.km (1,796,400 sqg.km without the Nile watershed which is equal to
2,870,000 sqg.km). The sea surface area covers 2,505,000 sqg.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 (WSHL1) 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 etal (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,
WSHL1 is a part of the MDT drainage basin without the Nile watershed. Some ideas on the nitrogen
load on WSHL1 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 WSHL1 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]).



TABLE 2.1: Mediterranean watershed area and flows (updated 1987)** [UNEP, 1987]

Area (1000 km®) Theoretical resources (km"/year) Stable resources
(km'/year)
Total
Country | Med. | Inc.neigh | Intemal | Surface | Under- | Lowflow= | Underground
region | bouring runcif | ground | lowwater flow of
country runoff mark coastal
inflows watertables
SPAIN 505 180 109.9 109.9 8s.4 204 17.0 34
Med.region 28.3 28.2 19.8 8.4 6.3 1.6
FRANCE 550 130 185.0 170.0 70.0 100.0 85.0 1.1
Med.region 74.0 62.0 31.0 31.0 35.0 0.2
ITALY 300 300 187.0 185.0 155.0 30.0 18.5 12.0
Med.region
MALTA 0.3 0.3 0.03 0.03 0.03 0.007 0.023
YUGQOSLAVIA | 256 80 265.0 150.0 130.0 20
Med.region 77.5 77.5 62.0 15.5 6.5 5.0
ALBANIA 29 29 21.3 10.0 - e 6.5
GREECE 132 132 62.9 49.4 37.4 12.0 7.0 25
TURKEY 780 195 181.0 166.0 166.4 9.4 hal b
Med.regron 77.0 70.0 -~ = 14.5 1.1
CYPRUS 9.3 9.3 0.9 0.9 0.6 0.3 0.2 0.01
SYRIA 185 22 354 7.6 3.1 45 14.0 0.2
Med.region 4.4 3.4 1.3 2.1 2.1 0.2
LLEBANON 10.4 9.8 4.8 4.8 1.3 3.5 2.1 0.9
Med.region 4.0 4.0 1.0 3.0 1.9 0.9
ISRAEL 21 12 1.0 1.0 0.2 0.8 0.2 0.08
Med.region
EGYPT 1000 144 57.5* 1.0 0.5 0.5 55.5 0.3
Med.region 3 0.8 0.3 0.5 55.5 0.3
LIBYA 1760 250 0.6 0.6 0.1 0.5 0.1 0.1
Med.region 0.6 0.6 0.1 0.5 0.1 0.1
TUNISIA 164 90 4,35 3.75 2.13 1.62 1.0 0.7
Med.region : 3.0 2.5 1.8 0.8 0.8 0.7
ALGERIA 2380 133 16.0 15.7 13.6 3.3 i h
Med.region 13.2 13.2 12.0 1.2 1.8 0.7
MOROCCO 710 80 29.0 29.0 20.0 9.0 2.5 0.8
Med.region 4.0 4.0 3.0 1.0 0.6 0.2
MED.TOTAL 8792 1796.4 b 497.0 427 4 * 157.86 254
™ Regular flow Former natural flow = 86 kmslyear; former low-water flow = 24 kmalyour
) Data are absent
(**=y  Source: Blue Plan, 1987: UNEP,87. Environmental data on Mediterranean Basin (natural

environments and resources) Provisional version, Blue Plan,
Sophia Antipolis
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included)

Figure 2.1:




Figure 2.2:  The Watershed of the Nile



TABLE 3.1: Calculated depositions of nitrogen compounds on the Mediterranean Sea and
Mediterranean countries in 1991. Unit = 1000 t N/year

Area (1000 km’) Depositions
Country { Med. MSC-E data MSC-W data

region NOy NHx Neot NO, NHy Nt
SPAIN 505 180 104 124 228 119 174 293
FRANCE 550 130 353 484 837 250 379 629
ITALY 300 300 173 150 323 164 214 378
YUGOSLAVIA™ 256 80 158 189 317 118 187 275
ALBANIA 29 29 14 13 27 11 18 29
GREECE 132 132 55 37 82 3 50 81
TURKEY 780 185 108 275 380 76 185 261
SYRIA 185 22 8 30 38
LEBANON 10 10 1 1 2
ISRAEL" 21 12 1 1 2
EGYPT” 1000 144 13 13 26
LIBYA® 1760 250 37 26 63
TUNISIA* 164 90 20 23 43
ALGERIA® 2380 133 44 59 103
MOROCCO* 710 80 1 2 33
MED.SEA 648 419 1067 407 199 606

* within the calculation area

i all countries located on the territory of the former Yugosiavia
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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 NO, (predominantly as NO) and as
NH, (actually as ammonia). Fuel combustion in industry and transport is the main source of NO,
emission. As to NH, 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 NO,) 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 NO,) and biomass burning (NO, and NH,) ([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. Itis 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 15°-30° 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 WSHL1 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 WSHL1. 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 WSHL1 is shown in Figure
3.1. Itis produced by the shift of the standard EMEP grid which is also shown in the figure. The grid
size is 150 x 150 km? at latitude 60° 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 km?. 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 (NO,) usually include two pollutants - nitrogen dioxide (NO,) and nitric oxide
(NO). In comparison with SO,, NO, is less important, although significant contributor to acid
deposition. NO, is significant in terms of impact on human health. In addition, NO , and NO are
precursors of ozone (O;), a greenhouse gas.

Similar to SO,, NO, emissions are strongly dependent on fossil fuel combustion. The
CORINAIR 85 inventory indicated that 93% of the total NO, 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 NO, 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 (NH,) emission
are produced from the decomposition of wastes from domestic animals. About 10% of NH,
atmospheric input is due to nitrogen fertilizers application. The rest of NH; 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 NO, emission. In the spatial distribution of
NO, 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 WSHL1 this sector of emission is not included.

Sulphur dioxide

Sulphur dioxide (SO,) was one of the first pollutants to be inventoried due to its impact on
human health and input to acid deposition. SO, 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 SO, 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 alsoinclude some use of fossil fuel. According to CORINAIR 90 (1995)
power plants and domestic fuel combustion emit 65% SO, and 25% - industry.

As to the source height then again from CORINAIR 85 about 55% of SO, 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 SO, 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 datawere 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. NH; 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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Emission from the sea area is taken from intemational shipping [Sandnes & Styve, 19921.

Data on sulphur and nitrogen oxides and ammonia emissions from the considered countries
for 1992 are given in Table 3.2. The same table contains the codes used for countries names,
groups of countries and individual water basins.

Figures B1 and B2 |Annex B) give maps of oxidised and reduced nitrogen emission
intensities for each square of the caiculated region. Figure 3.2 shows the emission seasonal
variations in conventional units.

3.3.4 Output data

The modei cutput data are presented as maps of nitrogen depasition separately wet, dry
and total and as budget matrices of depositions of countries (regions) -emitters to countries
(regions)-receivers.

1.4
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Figure 3.2: Seasonal SO,, NO,, and NH, emission variaticns for all countries {in per unit)

3.4 Degpaositions on the Mediterranean Sea and its watershed
3.4.1 Depaosition on the Mediterranean Sea

in 1892 the total nitrogen deposition on MDT from sources located within the calcuiation
region (the Nile WHS excluded} amounted tc 1084 kt N of which 660 kt N as NO, and 424 kt N
as NH,. The map of deposition density of total nitrogen is given in Figure 3.3. Wet, dry and total
depositions of oxidised, reduced and totai nitrogen are presented in Figures B.3-8.10, Annex B.

As 1t is seen from Figure 3.3 total depaositions mainly decrease from north to south. It is
also evident from Table 3.3 which shows a meridianal view of the general pattern of total and wet
depositians of total nitrogen.
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TABLE 3.2:  Emissions of sulphur compounds, oxidised and reduced nitrogen in 1992.
Unit=100 tonnes
Notation Country or region Oxidised sulphur  Oxidised nitrogen  Reduced nitrogen
as SO, as NO; as NHa;

alg Algeria* 2400 490 270
egp Egypt* 2500 500 400
lib Libya* 1280 242 1
mor Morocco* 320 60 35
tun Tunisia 1120 208 146
isr Israel” 1200 800 200
jor Jordan* 300 50 100
leb Lebanon 500 100 110
syr Syria 1600 300 710
al Albania 1201 299 295
ba Bosnia and Merzegovina 4800 540 362
bg Buigaria 11198 2600 2299
hr Croatia 1049 501 270
cyp Cyprus 450 130 30
fr France 12378 15991 6228
gr Greece 5106 3058 778
it Italy 15367 20616 3837
fym Macedonia, FYR of 100 20 177
mal Maita 0 0 0
pt Portugal 3459 2480 929
ro Romania 55895 4426 3707
sl Slovenia 1880 510 269
es Spain 23160 12568 3239
tr Turkey 3820 1910 4758
yu Yugosiavia 3960 489 991
gb@ie™ 36615 28746 5083
cer*” 45176 41847 10628
ner** 4920 11612 2781
eer** 119918 52778 30783
ati@bas™ 5481 6042 0
med The Mediterranean Sea 0 0 0
Total 316853 209913 79526
* Within the calculation area

b gb@ie = Umited Kingdom + ireland
cer = Austna, Belgium, Germany, Luxembourg, Nethertands and Switzerland

ner = Denmark, Finland, Norway, Sweden and lceiand

eer = All countries located on the terntory of former Soviet Union, Poland, Slovakia, Czech

republic and Hungary

atl@bas=Atlantic Ocean and the Baltic Sea
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The reduction of depositions from north to south is resuited from the locations of main
sources - to the north of MDT and by the prevailing transpart direction from north-west to south-
east and by the decrease of precipitation amount in the region considered from north to south.
Table 3.3 aiso shows that the share of wet deposition of totai deposition is depisted with the

.decreas_a of precipitation amount as approaching the south. Thereby the share of dry depositions
is growing.

TABLE 3.3:  Three meridianal cross-sections of total and wet calculated depositions of taztal
nitrogen in the Mediterranean within the limits of caiculation region (mg N/m‘/year)*

Depositions
Latitude 0° E.Longitude 15° E.Longrtude 30° E.Longrtude
Total Wet Totai Wet Tatal Wet
1026 766 1225 926 442 358
1278 1051 1834 1625 702 581
822 455 649 379 962 794
ad° 567 arg 438 188 367 294

3 o
8 a
30° 8 4 0
6 3 0
1 0 4 0
1 0
1 0
1 0
1 0
20° 1 0
v Grid cells covering the Mediterranean Sea are shaded

Tables 3.4 and 3.5 give values of deposition of oxidised and reduced nitrogen on MDT and
MDT countries. The main contribution to MDT palfution makes the MDT countries. The input of
non-MDT countries is 25-27% of the MDT pollution by nrtrogen compounds whereas their fraction
in total emission of the calculation region is about 65% (i.e. ~?%; of the region emission give ~'/,
of MDT polluticn).

Integral values of the MDT pollution by NO, and NH, are approximately equal.
in the spatial distnbution of depositions from individual countries-sources (Erdman et al,
1884] each country has its "impact zone". For instance Spain and France affect the western part

of MDT, ltaly - the central and eastern parts, Greece and Turkey - the eastern part.

Finally, depositton on MDT has seasonal variations with maximum in spring [Erdman et af.
19941,
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TABLE 3.4: Oxidised nitrogen deposition on the Mediterranean Sea and Mediterranean countries
in 1992 in 100 kt N per year*

Re/Em alg egp fib mor tun st jor leb syr al ba bg hr  cyp fr
alg 65 0 2 2 6 0 0 0 0 0 0 1 0 a 43
egp 0 43 1 0 0 3 0 0 0 0 0 3 0 0 1
lib 0 2 16 0 2 0 0 0 0 1 1 6 1 0 7
mor 5 0 0 3 0 0 0 0 0 0 0 0 0 0 11
tun 3 0 3 0 1" 0 0 0 0 0 0 0 0 0 12
isr 0 0 0 0 ¢ 14 0 0 1 0 0 ¢ 0 0 0
jor 0 9] 0 0] ¢ 32 3 1 2 0 0 g 0 1 1
leb 0 a 0 0 0 0 0 2 Q 0 0 0 0 aQ 0
syr 0 1 0 Q 0 10 0 5 29 0 0 3 0 4 1
al 0 0 0 a 0 0 0 0 0 8 2 3 1 Q 2
ba 0 0 0 0 0 0 0 0 0 1 22 1 9 0 11
hr 0 0 ¢ 0 0 0 0 0 0 0 10 1 20 0 25
fr 2 0 0 0 0 0 0 0 0 0 1 1 2 0 1589
gr 0 0 1 0 1 0 0 0 0 11 4 42 3 0 10
it 2 0 1 0 3 0 Q 0 0 2 7 4 6 0 17
fym 0 4 0 0 0 0 0 0 0 3 1 13 1 0 1
sl 0 0 0 0 0 0 0 0 0 0 1 0 4 0 10
es 7 0 0 3 1 0 0 0 0 0 0 1 1 0 172
tr 0 2 0 0 0 2 0 1 6 4 5 79 3 3 16
yu 0 e 0 0 0 0 0 0 0 3 14 11 6 0 13
meqd 45 12 19 6 32 40 1 3 2 34 36 173 2T 15 614
(continued)
Re/Em  gr it fym pt ro sl es fr yugb@ie cer ner eer Iind sum
alg 2 54 o 15 1 0 124 1 0 12 30 1 4 4 379
egp 8 4 a 0 2 0 0 6 0 1 6 0 7 1 87
lib 26 27 0 0 4 1 2 4 1 6§ 15 0 9 4 138
mar 0 5 0 13 0 0 41 0 0 4 8 0 1 1 102
tun 1 32 0 1 1 1 13 0 0 4 g 1 4 0 96
1sr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17
jor 1 1 0 a 0 0 0 2 0 0 2 0 2 Q 50
leb 0 Q 0 0 0 0 0 0 Q 0 0 0 0 0 4
syr 2 2 0 0 4 0 0 17 Q 2 4 1 13 1 100
al 5 41 0 0 3 1 0 1 1 2 11 0 8 0 8g
ba a 118 0 0 5 6 4 0 3 5 49 3 48 0 283
hr 0 163 0 0 3 11 3 0 1 8 85 3 43 Q0 359
fr 1 217 0 16 2 3 269 0 1 419 921 23 99 1 3667
gr 161 120 0 0 3 2 4 6 4 15 53 4 56 0 530
it 6 1547 0 4 4 13 61 1 3 25 229 6 70 1 2171
fym 7 17 0 0 6 0 0 0 2 1 5 0 11 0 69
sl 0 a7 0 0 1 20 1 0 0 3 45 1 18 0 164
es 1 40 g g7 2 1 1112 0 1 82 171 4 33 1 1802
tr 53 68 0 ¢ 79 3 4 232 5 25 79 12 286 2 973
yu 2 85 1 0 25 4 2 0 28 15 83 4 87 0 388
med 453 2360 1 54 149 23 940 130 23 170 688 30 472 5 6601
* See abbreviations in Table 3.2
Rc-  countries-receivers

Em - countries-emitters



TABLE 3.5: Reduced nitrogen deposition on the Mediterranean Sea and Mediterranean countries

in 1992 in 100 kt N per year*
Re/Em  alg  egp isr  jor syr al ba bg hr cyp fr
alg 95 a 4 14 0 4 0 0 0 1 2 1 G 34
egp 0 83 1 0 0 7 0 0 0 1 1 6 0 0 0
tib ¢ 4 20 0 2 0 ¢ ") 0 3 1 11 1 0 3
mor 8 0 0 5 0 0 0 0 0 0 0 0 0 0 7
tun 4 0 2 0 30 0 0 0 0 0 0 1 0 0 9
isr 0 0 0 0 0 7 2 0 1 0 0 0 0 0 0
jor 0 1 0 0 0 17 13 4 12 0 0 1 0 1 1
leb 0 Q 0 0 0 0 0 4 1 0 0 0 0 0 0
syr 0 1 0 0 0 3 3 6 201 0 0 4 0 2 0
al 0 0 0 0 0 0 0 0 0 40 3 6 1 0 1
ba 0 0 0 0 0 0 0 0 0 2 63 2 23 0 6
hr 0 0 0 0 0 0 0 0 0 1 25 4 38 0 18
fr 3 0 0 0 1 0 0 0 0 1] 1 2 1 0 2507
ar 0 0 1 0 1 0 0 0 0 A 5 81 3 0 3
it 3 0 1 0 4 0 0 0 0 4 10 7 10 0 104
fym 0 0 0 0 0 0 0 0 0 15 2 31 1 0 0
sl 0 0 0 0 c 0 0 0 0 0 2 0 7 0 5
es 13 0 0 4 2 0 0 0 0 0 1 2 1 0 178
tr 0 5 1 0 0 2 0 1 58 g9 6 155 3 2 7
yu 0 0 0 0 0 0 0 0 ] 13 34 40 12 0 5
med 69 23 19 8 46 19 4 6 7 786 82 41 9 359

(continued)

Re/Em ar it fym pt ro sl cer ner sum
alg 1 26 0 10 3 0 1 1 S 0 8 297
egp 7 2 1 g 3 ¢ ] 1 0 2 0 1 145
lib 14 11 1 0 7 1 2 3 2 5 e 8 125
mor 0 3 0 11 0 g 28 0 0 2 0 2 66
tun 1 15 0 1 1 1 7 0 0 4 0 1 80
isr 0 0 0 0 0 0 0 0 0 0 v 0 14
jor 1 0 ] 0 0 0 0 0 0 1 0 0 67
leb 0 0 0 0 0 0 0 0 0 0 0 0 8
syr 2 1 0 0 3 0 0 1 0 1 0 1 437
al 7 16 5 0 4 0 0 10 0 4 0 0 108
ba 0 58 1 0 9 8 2 20 1 22 1 0 27
hr 0 86 0 0 6 23 1 9 2 43 1 0 320
fr 1 100 Q 13 3 2 192 1 160 497 7 2 3852
gr 128 45 20 0 45 2 2 19 2 17 1 1 489
it 4 1072 2 3 5 16 34 14 2 148 3 1 1499
fym 16 7 25 0 10 0 4] 20 0 2 0 0 149
si 0 A 0 0 2 39 0 1 0 42 1 0 147
es 0 15 0 136 4 1 1104 2 17 67 3 2 1571
tr 42 24 7 0 3 2 23 2 24 3 4 2812
yu 3 36 0 5 1 35 2 0 578
med 285 1044 23 468 17 248 9 11 4237
* See abbreviations in Table 3.2
Rc - countries-receivers

Em - countries-emitters
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3.4.2 Deposition on the Mediterranean Sea watershed excluding the Nile basin

About 1087 kt of nitrogen compounds of which about 601 kt are oxidised and 496 kt are
reduced nitrogen deposited ecn WSH1 in 1992. The pattern of deposition can be found in
Figure.3.5 and Figures A.3-A.10 in Annex A. As it is seen from Figure 3.3 and Table 3.3, the
northern coast is considerably more poiluted than the southern one. Tha trend of reduction of total
nitrogen poilution and the fraction of wet pollution in the directicn from north to south remains.
‘The reasons are discussed in section 3.4.1.

Of special note is a greater density of nitrogen deposition on the northern part of Algeria
and Morocco (207 mg N/m?/year for total deposition and 189 N/m?/year for wet one) compared
to the rest part of the African MDT coast {13 mg N/m?/year for total depaosition and zero for wet
one) {see Table 3.3, distribution along 0° and 15° meridians). It is conditioned by enhanced
precipitation over this region in which the orographic barrier (Atlas Mountains) changes the zonali
character of precipitation distribution.

The spatial distribution of nitrogen deposition on WSH1 is well demonstrated by Table 3.6
containing deposition values on the MDT countries. The highest depesition fails on the MDT
northern coast. In the deposition distribution on the MDT countries (Tables 4 and 5) "impact
zones” are also detected. For example, Spain affects itseif and France as weil as Algeria and
Morocco. Italy affects itself, France and the countries of the former Yugosiavia and to a less
extent - countries of North Africa. Greece and Turkey inflict the impact on countries of the eastern
part of the MDT region including countries of Middle East.

TABLE 3.6: Depositions of nitrogen compounds on the Mediterranean Sea and Mediterranean
countries in 1992 (MSC-E calculations), in kt N per year

Notation Country or region NH Nox NTot
aig Algena* 30 40 70
egp Egypt* 15 9 24
lib Libya* 12 14 26
mor Morocco” 7 10 17
tun Tunisia 8 10 18
isr Israef* 1 2 3
jor Jordan* 7 5 12
jeb Lebanon 1 0 1
Syr Syria 4 10 54
al Albania 11 g 20
ba Bosnia and Herzegovina 27 28 55
hr Croatia 32 38 68
fr France 355 367 722
ar Greece 49 53 102
it italy 150 217 367
fym Macedonia, FYR of 16 7 22
sl Sloventa 15 18 31
es Span 157 180 337
tr Turkey 281 87 378
yu Yugosiavia 58 39 97
med Mediterranean Sea 424 660 1084

* Within the calculation area
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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 NO, deposition and 370+140
kt N as NH, total deposition. Hence total deposition on the Nile WSH amounts to 560+200 kt of
nitrogen compounds excluding NO,, 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 NO, NH, 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



3.5 Model-measurement comparison

Plots of model-measurement comparison are presented in Figures B.11-B.19 of Annex B.
The summary of the model-measurement comparison is presanted in Table 3.8. The EMEP stations
located in the Central and Southern Europe were considerad in the current analysis. This subset
of stations was split into four classes (according to [EMER/CCC, report 3/951) dedicated to the
quality of the measurement data. The first class stations are of the highest quality. Some
difficuities were connected with the aerasai concentrations of HNO,&NO, and NH,&NH,* where
the information on the station data quality is absent. In this case the selection was based on the
information about the quality of NO, in air and sulphate in aerosol data which seem to be most
representative for the nitrogen aerosol compounds.

Comments on the Class of sites column

The notation "All" means that all stations are included into the consideration. The notation
"1,2" or "3,4" means that only the stations of classes 1 and 2 or 3 and 4 were selected.

TABLE 3.8  The summary of the results of model-measurement comparison
Class of | Number of Mean Mean Correlation Regression Regr?ssion Slopa
sites sites observed | caicuiated slops bias Sthev
NO2 air concentrations, 0.1 ug Nim’®
Alf | 23] 33.8 29.0! -0.197! -0.14| 339] 003
34 | 12 40.61 21.9] -0.2831 -0.135) 274) 008
12 | 11| 26.6] 36.91 0.1331 0.1081 11| 003
NO3+HNO3 air concentrations, 0.1 ug Nim*
All | 8| 82.2! 110.01 0.881 1.084 21.01 0.07
Nitrates in precipitation, 0.1 mg N/i
All 29| 52.6i 58.01 0.222! 0.232! 4571 0.03
NH3+NH4 air concentrations. 0.1 ug N/m®
Al -‘ 5i 220.21 195.1! 0,427 0,443 292,61 0.08
Ammonium in precipitation, 0.1 mg N/
All ; 26] 71.3 52.41 0.491° 0.437 21.2) 0.04
34 i 18i 73.8 51.5i 0.521 0.7 1.0 0.36
2 | 8i 65.91 54 31 0.5 0.2211 306861 0.1

Very small number of samples 1n Southern and Central Europe significantly reduce the
precision of the analysis. Therefore only qualitative conclusions could be made. Some
underestimation of the calculated NH, air concentrations versus measured onas has been found.
This may be explained by the following reasons:

- re-emission of NH; is not included into the model,
- uncertainties in ermussion and meteorological data,

- natural emission could be of a considerabie importance for Southern Europe [Rodhe
et af, 1895], but it was not taken into the consideration during the calculations.

it should be noted that similar trend of the underestimation of NH, concentration in
precipitation is demonstrated by several models (in particular by the acid mode! of EMEP/MSC-W)
[Tuovinen, 1994, Fig. 5.4]. This probaoly means that erther emission data or representation of
physicai and chemical features of ammonia compounds in the Southern Europe are to be improved.
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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)*(KtretI*KtretZ*KtretS*Ktret4)*Kw1

where: N,...,, - deposition nitrogen leaching into the rivers and then into the Mediterranean Sea; | -
land cover types in every elemental soil taxon, accounting to soil texture and slopes; N,4 - nitrogen
deposition in every land cover type; N, - nitrogen uptake rate in every terrestrial land cover type;
Kiet-Kirets - COEfficients of nitrogen retention in terrestrial ecosystems depending on soil features;
K,, - coefficient of nitrogen retention in various water bodies (rivers, channels, lakes, swamps,
ponds etc.) of every land cover type.
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Figure 4.1 Algorithm for calculation of the riverine runoff of nitrogen
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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
guantifying 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
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deserts and bare ground. Tabie 4.1 summarizes nitrogen uptake rate {removal rates) of these main
categories of land cover estimated from the data in the literature review. The estimates in Table
4.1 are approximate due to varigtion from site to site within a land cover/vegetation category
[(Bashkin, 1987; Kuylenstierna and Chadwick, 1989; Chadwick and Kuylenstierna, 1990; 1991;
Bashkin et af, 1893].

TABLE 4.1: Approximative nitrogen uptake rates for vanous land cover type

N Land cover category N uptake rate (Nu),
[Rudolf and Schneider, 1984] malm3lyr
0 water / fresh water §00
1 broadleaf evergreen forest 300
2 broadleaf deciduous forest and woodland 600
3 mixed coniferous and broadleaf deciduous
forest and woodland 550
4  coniferous forest and woodland 450
5  high latitude deciduous forest and woodland 400
6/8 wooded grassland 500
7/6 grassland 450
8/6 wooded and grassiand 500
8f7 shrubs and bare ground 100
16/8 grassiand 250
11/6 desert, bare ground 70
12/9 cultivated 1500
14  wooded grassiand 400

Note: according to Rudolf and Schneider (1994) the double indices such as 6/8 mean the
combination of various land cover types

Cne important aspect of nitrogen uptake is that in the Mediterranean Sea drainage basin
it is seasonal. In temperate regions the nitrogen uptake takes piace during the growing season.
In this region nitrogen uptake is lowest during the pericds of drought.

Immobllization of N in accumulated organic matter

Leaching of soif nitrogen, not subject to uptake by plants ard other organisms, is controlled
by factors affecting the rate of incorporation and release of nitrate from organic matter
(mineralization and nitnfication), denitrification and solute leaching.

Mineralization and nitrification rates

The C:N ratio in the A-horizon (upper hcrizon) of scil affects nuneralization rates
(Kriebitzch, 1878; Bashkin, 1987; Kudeyarov, 1989; Gundersen and Rasmussen, 1988;
Kuylenstierna and Chadwick, 1992]. One can conclude that soils with C:N ratios of 15-20 have
intermediate leaching rates, and C:N ratios < 15, high leaching rates. The C:N ratios considered
typical for different soil types are derived from data accompanying the FAO-UNESCQ Soail Map of
the World {1881) and the relationship is shown in Table 4.2. These values would be valid at the
time when the sample was taken and may change over time due to the nitrogen deposition. It is
not possibie here to take into account these dynamic changes and it is assumed that the error
introduced by not incorporating the dynamic aspects of the C:N ratio change are smaller than the
error in extrapolating the C:N data avaiiable to a wider area.
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TABLE 4.2: The degree to which site factors affect the leaching of available nitrogen.
Numbers refer to the amount of available nitrogen that wifl be leached
(Kuylenstiema and Chadwick, 1992 and Bashkin et al, 1996)

Factor Category Proportion of the
leached nitrogen
Kiret1
C:N ratio <15 0.90
(A-horizon) 15-20 0.50
>20 6.10
Keretz
Drainage Wett drained Q.90
(texture Medium drained 0.75
indices) Poorly drained 0.50
Kirews
Runoff: >(.80 0.80
precipitation  0.21-0.80 0.50
ratio 0.05-0.20 0.10
<0.05 0.05
Kireta
Relief 3140 0.95
(slope), % 21-30 0.75
<20 0.50

Soil drainage, dependent on soil texture, is a factor which affects the rate and degree of
soilute {nitrate) leaching [Haynes et al., 1986; Kuylenstierna and Chadwick, 1992). Denitrification
rates will be higher in the poorly drained soils and wateriogged soils. Only 40 per cent of nitrate
was found to leach from poorly drained ciay soils compared to well drained sandy soils [Haynes
et al., 1986; Kudeyarov, 1988]. About 50 per cent of the excess nitrogen are considered to leach
from pocriy drained soils as compared with > 90 per cent from well drained soils {Table 4.2). Soil
drainage properties typical of different soii types have been ccollated from the NASA Soil DB

[Koster et al, 1984),

Soil moisture also affects the nitrate leaching rates with dry soils leaching little nitrate
compared with mosst soils. Irngation has been found to increase the nitrate leaching by more than
BQ per cent [Haynes et al.,, 1986; Kuylenstierna and Chadwick, 1982). The precipitation to
potential evapotranspiration ratio (P:E) can be used as an indicator of soil moisture conditicns
[Wiflsie, 1262] as well as runaff to precipitation ratio (R:P). Four categories of the runoff to
precipitation ratio(R:P) are used to describe the moisture status of solls [Rudolf and Schneider,

1994]:

l. R:P >0,80 very moist soils;

ii. RiP=0.21-0.80 moderately moist soils;
jii. R:P= 0.05-0.20 dry soils;

jiit. R:P <0.05 very dry soils.

The nitrogen leaching for the four categories of R:P ratio 1s shown in Table 4.2. Less than
B per cent of excess nitrate is considered to leach from very dry soils compared to 50 per cent
from moderately maist soils and 20 per cent from moist soils.
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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 N, 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 NO, from combustion
processes and of NH, from agricultural activities. The nitrogen deposition to forest ecosystems
generally exceeded in the 1980's 20 kg/halyr in the central part of Europe and even reached
100 kg/halyr 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/halyr.
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 K, reflecting the ratio between output of N from the water system and its
input to a given system has been applied.

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

KW = (1 - Kwretl)*(1 - Kwretz)*(l - KwretS)a

where: K, IS retention in open water bodies such as lake and swamps; K,,,..., IS retention in river
and channels; K3 IS retention in large rivers.

The values of K.~ Kyrets @re 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/m?/yr or kg/km?/yr, etc.

The minimum annual values of retention coefficients K., 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 NH, from 0.2 to 0.9 (retention of 10-80%, mean 41%) and for
NO, 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,
Nyt N immobilization, N;,, N denitrification, N,.) 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 (N, + N;,) 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 K., for land cover "open water" bodies such as fresh and salt lakes
and swamps has been made for the resolution 1x1° LoLa grid on the basis of the data presented
in Table 4.3.
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TABLE 4.3:  The valuas of coefficients of nitrogen retention in water bodies, Kuwee

% of the area under water bodies from the total area of 1x1° LoLa grid

Water bodies
<5 5-10 11-20 21-30 3140 41-50 >80
SLAK 0.08 012 0.18 025 030 045 070
SWMP 0.10 019 035 Q47 055 068 0.80
SLTW 0.04 007 012 0.7 020 Q30 050
ILAK 0.20 025 030 045 055 070 0.80
SLAK - lakes; SWMP - swamps;
SLTW - salt water bodies; ILAK - temporary water bodies

Furthermore, for rivers and channeis the calcuiation of X, values has been made for
every 1 x 1° Loka grid cell using the data set from Table 4.4 in accordance with the foilowing

aquation:
mez = (NdE*A}/NWD'
where: N, - denitrification vaiues, mg/m?/a; A - dimensioniess coefficient, accounting for river

density, water flow rate, type of an eutrophication process etc.; N,,, - nitrogen leaching from
terrestriai ecosystems, equal 10 (N, - N * (Ko™ Kz Kuzrz* K el M@/m?fa.

TABLE 4.4: The values of parameters for calcufating Kurerz

Mediterranean Sea drainage subbasins

Parameter | il Y vV o v vl vl X X

Neeo mg/melyr 200 150 110 130 150 140 100 160 170 135

A 0.04 0.02 0.01 0.15 0.20 0.30 0 0.30 0.25 0.30

Taking into account that different types of retention processes are more profound in large
rivers in companson with small and middle ones, the additionai coefficient K,,,.; has been appiiec
ta the Nile, Po, Maulenya and Ebro rivers equal to 0.70, 0.25, 0.35 and 0.30 correspondingly.

There exists a clear need for the development and applicatton of dynamic models capabie
of predicting the response of soils and surface waters to coupled nmitrogen and sulphur deposition
scenarios. For example. the MAGIC-WAND model provides one such tool and offers wiae
appiication within the UN ECE Convention on Long Range Transboundary Air Pollution and .n
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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 Gm? (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
441 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 11° 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
[Tietemaand 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/halyr 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 /hal/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 /halyr) 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 /halyr) the nitrate leaching was
proportional to %N in forest floor horizons. Analogously, at annual inputs of less than about
10 kg N/halyr 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 /halyr, 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 /hal/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 /halyr 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 km? 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 km? 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/halyr) 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/halyr in catchment runoff of
"Grobe Ohe". The suggestion that nitrate reduction to gaseous nitrogen or N,O 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 NO, 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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Camparative assessment of experimental and computed nitrogen runoff values
from different ecosystem belonging to the Mediterranean Sea drainage basin (%
from the N deposition inputj

Table 4.5:

Computed N, runoff, mean Experimentai values Reference
Country kg/halyr | Lake* kg/ha/yr

Spain 2.19 Cimer 2.93 Mosello et ai, 1995
Spain Caidera 2.23 Mosello et al, 1995
Spain Fero 17.86 Mosello et ai, 1995
Spain Aguillo 3.34 Moseilc et al, 1995
Italy 2.39 Paione 2.23 Mosello et af, 1985
Italy di Latte 13.39 Mosetlo et al, 1985
italy Lungo 4 8.92 Mosello et al, 1385

*: all lakes are situated in mountain regions

4.5 Uncertainty estimates
4.5.1 Nitrogen runoff from terrestiial ecosystems

The values af the nitrogen runoff from terrestrial ecosystems are subject to several sources
of uncertainty. They are subdivided into four main sets: (1) uncertainty associated with the field
measurements of the nitrogen retention and runoff in various subbasins of the Meditarranean Sea
drainage area; (2} uncertainty associated with different assumptions and simplifications in the
methods applied; (3} uncertainty related to the interpolation procedures and (4} uncertainty caused
by the conversion from 1x1° LoLa grid cell to 150x150 km? EMEP grid cells.

It has been shown that the main source of uncertainty in the given drainage basin is reiated
to the insufficient data sets connected with muiti-scale expenmental studies of various links of
nitrogen bicgeochemicai cycling.

Furthermore, the methed described above considers only nitrogen leaching as the
mechanism determining the runoff and calculated as a difference between deposition and

retantion.

The uptake rate impiied by using the land cover/use couid be improved by further data
acquisition and this could make a considerable difference in the ocutcome. Perusal of the deposition
rates leads to the conciusion that the deposition estimated by the EMEP West and East
Synthesizing Centers couid be an underestimate in certain parts of Europe, or at least smail-scaie
spatial variations of deposition within EMEP squares are lost [Kuylenstierna and Chadwick, 1982;
Bajic and Duricic, 1985; Enisman et al, 1995; Bolloch and Guerzoni, 19958; Vidic, 1995]. This
means that in many regions the suggested uptake rates, even for tree species, are often higher
than the deposition rates of nitrogen. The varnation of nitrogen uptake over year is another
important consideration. The untake could be assigned to the part of the year when plants ara
growing. This could be compared with deposition over the months when plants are growing as
these data exist. However, 1t 15 difficult to see how this could easily be incorporated into
calculation of the nitrogen runoff.
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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 1x1° LoLa grid cells to 150x150 km? 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 aguatic 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
aguatorium 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 sqg.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).



Table 5.1: Summary data on depositions and inputs of nitrogen for the Mediterranean Sea
and its watershed
Notations Kt/yr % of | %eof | %oof | %
I, Dwsy | B, (of | of
Rr) DMDT
Duor Atmospheric N deposition | 1084 52
on the sea surface
Dwsn Atmospheric N deposition | 1660*200
on the watershed
Dwshi - without the Nile basin 1087
Dwswz - an the Nile basin 560200
R, Total N runoff from the 1000200 | 48
watershed
R, - with rivers 800200 | 38.4
Re - coastal runoff 200 9.6
I, = R, + Dppr | Total N input to the sea 2084
Rat Airborne N runoff from the | 105%4 5.0 | 6.3 10.6 | 8.7
watershed
Rar - riverine runoff 28 4.8 | 6.0 |(12.3) 9.1
Ra - underground runoff 6+4
Duwor + Ra Total input of airbarne N 1189 57

to the sea
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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

(@) 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.

() 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.

(9) 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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ANNEX A
Description of the MSC-E acid model used for calculations

of depasitions on the Mediterranean

The MSC-E modeiling technology includes several models based on the same key units:
advection scheme, vertical profile description, meteorology and emission data preprocessing, unit
for emitter-receptor calculations and control unit. Physical and chemical features of the pollutants

are given in specific units, separately for each substance group.

The acid model! includes a scheme of chemistry transformations for more than 15 reactions
{including some of the second order) and descriptions of dry and wet depositions of all considered
pollutants.

All mode!l units are the subjects of changes and improvements. The previous version
(Version 1892} was applied e.g. for preparing the report by £rdman et a/ (1994). The description
of the model version and resuits of the model run were given in this report. For the present study
the recent version of the model, Version-96 is used.

The description of main units of the Versien-92 can be found aiso in [Pressman et al
(1991)], [Afincgenova et af (1992}], {Annuaf report (19933}]. Later modifications are mentioned in
[Galperin et al (1994)], [Sofiev et al (1994)], [Galperin' et al 19951, (Galperin® et al (1995)],

[Sofiev et a/, 1995].

General comments

The model is ment for long-term (from 1 month to decades) calculations of airborne
pollution transport using actual meteorological and emission data. Calcuiations can be made for a
great numher of sources, their groups or for single sources and episodes. Provision is made for
operation following the emitter-receptor pattern with a number of point or area sources up to 200
and arbitrary number of receptors within the limits of the grid.

Model has the spatial resolution of 150 km at 80°N for the EMEP grid {39 x 37 grid cells)
(Figure 3.1},

The maximum grid contains 120 x 120 square cells and covers Northern Hemisphere to
the north of 15° Maximum gridsize is 150 x 150 kmZ. Grid cell size could be reduced down to 50
km x 50 km and then down to 25 km x 25 km. Thus, it could cover the EMEP area with the
resolution 50 km x 80 km in case of the corresponding resolution of the emission data. The time
step is changed automatically. Values of resociution are referred to 60° .

Geographical information includes geographical co-ordinates, surface type (sea, land, large
fresh water basins, coastal line} and the height above the sea level. Sources are characterized by
their location in gnd cells. Thus each country, territory or water basin can be represented as an
area sourca, receiver or both. In particular a source can have no area (point sources}.

Meteorological information used for current calculations (1887-1991) is prepared by the
Russian Hydrometcentre and includes:

— orthogonal wind components at 850 and 1000 mbar levelis;

—~ precipitation amount;
— temperature (at 2m above surface).
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Averaging interval is 6 hours, spatiai resolution used - 150x150 km?. The data are
prepared on the basis of actual network meteorological data processed with a special objective
analysis [Shapiro (1881}]. In areas where the observational information is not available (oceans,
deserts, etc.) a combination of extrapolation/interpolation algorithms with climatology data is

used.

Using the above mentioned meteorological data and methodology elaborated in co-
operation with the Russian Hydrometecrciogical Centre the models make estimates of the state of
the underlying surface and other physical parameters important for the calcuiations.

Emission data are separated into high {>100m) and low (< 100m) emissions (not available
in the previous model version). Annual emission and coefficients of temporal irregularities are
specified as far as it is required.

For the regional calculations it is envisaged to perform preliminary calculations of
concentrations for 3-14 days before the calculated time interval. If the model is used for
calculations of an episode this stage is excluded.

If the concentration in & cell at some time is smaller than prescribed level, this cell is
ignored and its pollution amount is added to the inattributable deposition which is uniformly
distributed with the grid. Sums of the unattributable deposition from each emitter and for each
receptor are incorporated into budget matrices. The amount of pollution gone outside the gnd is
also stored and incorporated into budget matrices.

The modef advection scheme

On the whole the presented scheme is similar to numerical advection schemes [Egan &
Mahoney, 1972; Pepper & Long, 1978] and to those "particle-in-cell" [Pedersen & Prahm, 1974].

Let 7{t) be & radius-vector of the mass in a cell fij). If there are no mass exchange
between this ceil and others then trajectory steps are realized (Figure A. 1):

(A1) F(t+ AN =F(O)+V (1AL
where At is the model time step, V is wind.
i i i+1
- m;
_‘___.l}ét T .“_k. ij‘1
. ~h. M,
j j < mI ag- i+1
: m A\ My,
) T+At M1
FA2At—
Figure A. 1 Trajectory steps Figure A. 2 Eulerian step

In case of some mass input to a cell at moment T (either because of the advection, or
because of emission) the Eulenan step is applied with the conservation of mass in a cell and its

first moment (Figure A, 2):
(A- 2) MH-I = Zml

(A. 3) B, =22,

where P, = mr, is the first moment of the corresponding mass.
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At each time step all gnd cells are addressed sequentially and independently from each
other. All masses coming to a cell (as well as their first moments) are summed up and stored as

initial conditions for the next time step.

The scheme errors are resulted from non-uniformity of mass distribution with grid‘ cells
(Gibbs effect). The suppression of the oscillations is realized by distribution of mass with the
Eulerian grid or by averaging over considerable time periods not less than one week.

Vertical distribution

In the latest version of the model the truncated Gaussian profile of pollution distribution
along the vertical C(Z] is used:

(A. 4) CDH=Mo (Z)/ P(n/c)

where:

(A. 5) (2)= 1 exp(_(z_ ”)ZJ P(p /o )—T (Z)dZ—nT 2 )dh
. ¢ N 7 2 ‘ H —O(P —_w‘Po( )

and = exp(—-A°/2) —

Here @ (Z) describes the shape of the vertical concentration profile, P(u /o) s
normalizing divisor, p - co-ordinate of maximum concentration and ¢ - dispersion measure along

the vertical.

The relationship of concentration distribution with height C(Z}, mass center Z, and total
mass in a cell M is represented by formulas:

1 o0, o0,
(A. B) Zy==: lzeaz,  m= oz
0 0

The boundary condition near the surface is:

9 C(2)
. v, C(0)=—K, ——==
(A7) ) CO) =K.~

Z -0

where V, is diffusional surface dry deposition velocity, and K is the turbulence coefficient. Under
these conditions at known M(t} and Z,ft) distribution parameters of C(Z) may be calculated. Then
physical-chemical processes in a cell at time step At are calculated alongside dry, gravitational and
wet deposition, particle size spectrum variations, chemical transformations, etc. After these
calcuiations new value M(t+At/ is known and a new value of Zy(t + At/ is determined, which is the

initial state for the next time step.

Vertical diffusion leads to the increase of G:

(A. 8) ds () /dt=K,(c.t)/c
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The position of the mass centre is calculated from the foilowing equation:

(A. 9 Zy(t+ A= Z,(t) = -‘;—j(%"(—(;—)) + y) At

where y=p/o..

The interaction with advection is based on the moment conservation along the vertical
during the mass exchange between horizontal cells:

(A. 10) M=YM , ZM=2.2, M

where M - total mass in a cell, M, - masses appeared to be in a cell after time-step realization, Z,
Zy - vertical co-ordinates of centres of gravity.

When a source is introduced a mass M =£(t/At is added. The vertical co-ordinate Z, for this
mass is taken to be equal to the effective source height.

If layer-by-layer wind is available, distribution C(Z) is used for the evaluation of the
weighted advection velocity.

Dry and wet deposition

Dry deposition is calculated in a common way:

Qi+ AD)~-Q@) =V, C Q)AL

It is assumed that V, depends on the surface type and state, and V, is taken at the height
of roughness layer (i.e. for a level of a millimetre to several tens of centimeters [Wieringa

(1981)1.

For the estimations of V; of gases and aerosols with particle sizes less-than 0.1 um we
used data available in the literature [Sefrme/ (1980)] and the direct measurements carried out in
Poland as a contribution to EMEP [Nowicki (1987)]. The data provide rather comprehensive
picture of the underlying surface impact on dry deposition velocity. In particular these data
indicate that the extent of surface meistening inflicts drastic impact on Vy variation for 80O, It
was shown that mean Vj is abruptly changed at the temperature about 0°C, i.e. when water
freezes., Therefore the following formula is used for V; calculation:

Ve = Vo KIT,P.F,

where Vg - dry deposition velocity for dry surface; K(7,P.F} - factor depending on temperature 7,
precipitation amount P, and underlying surface type F (F=2 for water, F=1 for grid squaras with
mixed surface type, #=0 for land). Values of Vy and function types K(7,7,f/ are given in the

table:
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Substance Vo, CM/fs K(T.P.F) type
SOg NHg 0.3 1
Aerosols (S04 = ,NH4NO3 etc.) Q.1 1
NO9 0.1 2
PAN, R(VOC) 0.1 2
HNC3 1.0 1

1.K =1at T <-2°Candany Pand F 2.K=1 atT7T<-2°C andanyPandF
K=1atT>-29CP =0 and F =0 K=1at7 >-20CF =0 and P =0

K=2atT22°CF=1 or Tmm/h> P >0 K =05atT229CF =1or Tmm/h>P >0
K =3 atT7T2-2°CF =2 or Pz1mm/h K =0 at 72-20C F =2 or P21mm/h

For smooth water surface and wet surface after rain and for quiet sea surface it is taken
Vy=3V,o [Rodhe & Soderfund (1980}1.

The last version of model considers the effect of V increase with wind intensification due
to the effect of the surface roughness increase with wave creation and crashing.

In the first approximation this effect could be described by the Charnock formula

ul
(A.11) z, o ——
g

which leads to square dependence of the roughness on the wind speed.

This formula is suitable for moderate wind speeds (approximately up to 3 balls of the
Bofort scale}. In case of stronger winds the wave crashing process leads to further increase of the
deposition velocity because the sedimentation to the sea surface is becoming a wet scavenging

process.

“
There are a few data suitable for the parametrisation of the process. Some of them have
been presented in the Ukrainian report for EMEP (Ukrainian contribution {(1985])].

In the model it is assumed that the dry deposition velocity is growing up in the square
proportion to the wind velocity which resuits in some non-uniformity of dry deposition pattern.
The same correction factor is used for all hydrophilic poilutants but the initial dry deposition
velocity is different for different substances. The range of this factor is as wide as one decimal

order.
As it was shown by Engefmann (1963) and Galperin (1989) the washout coefficient is:

A=B 5S4/,

where Sy - surface area of precipitation element, v,- its volume, / - precipitation intensity {(for
example, mm/h), B- trapping efficiency factor,

The value of § strongly depends on a precipitation type (snow, rain} and on drop or flake
sizes as well as on scavenged particle sizes.



In case of gases and particles smaller than 0.01 um (Brownian particles) aerodynamic bending
around drops and flakes is not important. Drops and flakes are in permanent contact with renewed
portions of gas, therefore B characterizes the effective cross-section and equals to about 0.25 for rain
and 1.0 - for snow. It is assumed that in clouds B=1 always. For SO, and NO. A depends on saturation

of precipitation elements [Gaiperin (1989)].

Actually the air concentration is a function of z and time, therefore more complete description of
the washout process is a set of equations in terms of partial derivatives. During the washout process
the vertical redistribution of pollution takes place due to three factors. Firstly, scavenging occurs "from
top to bottom" since at the upper part of the subcioud layer precipitation elements are not saturated and
scavenging is more intensive. Secondly, downward air flows entrain pollutants from upper to lower
layers. Thirdly, since gas concentrations in falling drops are much higher than equilibrium ones (for
example, for SOz) the fraction of gases which was not oxidised while being deposited on the ground
surface enters again the atmosphere. The occurrence of the latter two effects is confirmed by statistical
data on the growth SO and NO; surface concentration when it starts precipitating [Afinogenova et ai

(1990)].

The usage of a full model [Galperin (1989)] for practical calculations leads to unjustified
sophistication of computations. In order to develop an approximate model we take advantage of an
analytical solution obtained by Galperin (1989) and a refining semiempirical formula:

Ay =Af(mmg +7),

where m is a pollutant mass in air, ms = 0.1 mmole-m™? is a parameter of trapping capability of
precipitation.

The dependence of the relative surface of precipitation elements Sofvp on precipitation intensity
and on its type is sharply expressed. if we consider data presented by Kelkar (1959), then for a rain:

Sofv, =86 (I+Io)/ID

where D - maximum effective diameter of a drop (D = 1.5-2 mm) and l; = 0.8 mm/h. For snow the
relative surface varies slighter depending on precipitation intensity. Most probably it is connected with
the formation of the near-surface air layer around snow flakes. The problem of rain drops saturation for
pollutants producing cations in solution (for example, NH,") is remained open.

The model chemical scheme

The chemical scheme of the model version 1996 (M-86) is shown in Figure A.3. It differs from
that of M-92 by the consideration of an ozone creation potential as a resuft of VOC emission and by the
consideration of a strong acid formation in case of lack of ammonia. The scheme includes the following

equations partly described by Pressman et al (1891):
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d{NO) =-K;{O31INO] + K5{NO,I-K;INOIIR] + ag(NO,);

dINO,} = -d(NO)-d(PAN)-K4INO,I- K7[051INO,] +q(NO,};
d(03) =-K;3[04]-K;[03]INCI- K7[04}INO,]1 + K,INO 4] +g(04);

d(HNOg) =K, INO,]-KgIHNO3] + KgINO41-d(NH,NO);

dINO ;) =K5[03]INO,] + Kg[HNO4)-Kg{NO3™;
diNH;) =-1.5d{{NH,); sS04)-d{NH,NO3) +q{NH,}:
d(PAN) = K5[RIINO,1-Ks{PANI;
d(S0,) =-K;o[S0,] +bg(SO,);
d(80,%) =-d(S0,) +q(S0,);
d{{NHa}1.5S04) = Min(INH31/1.5; [SO,*T1 -[INH,); 55041}
dINH,NO3) = ([NH3] + [HNO31)/2-({INH,]-IHNOa 12 + 4K, 1) 2/2
at (INHa] + INHNOZIHIHNOS] + [NH NOSD > K 4

=-[NH4NO;3] at ([INH3] + [NHNO3 D {[HNO3] + INH/;NO3) <Ky 45

d{R} = -K3INOJIRI-Ks[RIINO 4] + K5 [PANI-K,[R] + K, ,q(VOC).

Here: [C] is concentration (mass in a calculated grid} of substance C; Kj,...,Kq4 are reaction
constants {see Table A.1); diC) is concentration increment at a unit time step; q{C) is emission of
substances given in brackets (NOszO+NOZ,SOX=SOZ+SO42' }; VOC are voiatile organic
compounds, a and b - fractions of NO and SO, in the emission; g{Oj3) is background rate of
tropospheric ozone formation; (NH,4), S0, is a mixture in equal fractions of NH,HSO, + (NH,),S0y;
$0,7 are all substances containing ion S0,%; R are free radicals (ozone creation potential).

Dependence K,; (7.H) is taken from the work of Finlayson-Pitts and Pitts (1980), K,4 are
calculated on the data basis taken from {Simpson (1892)].

Notations: T - temperature in K°, S - relative insolation, A - relative humidity in %.
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Figure A.3: The chemical scheme of the Model
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Table A.1 Coefficients and parameters of the chemical transformation scheme

Coefficient or Unit Value or formuiae
parameter
K, m¥{umole'n’") | 15.24+0.068T
& ht 128
Kq m¥(zmole'h’") | 11008%+0.25
Ka R 0.085%
Ke m¥(umole'n"y | 125
Ks At 28.6x10"" exp (-12530/7)
K, m¥{umole k! | 5.625x107* x (T-228.7)
Kg b’ 0.015
Kg bt 0.06
Kio h' 138500 exp {-4517/T)
Kiq pmole’m™h®) | 1.12x10%* [exp(-24220/7)] x{298/N°"
[x(100-H)/38 if H>62; x1 if H<62]
Kiz h 0.03
Kia h 0.005+0.25
Kia relative units
g(03) umolem™n"') | 0.0445%+0.215+0.03
a,b relative units 0.85

Many reactions depend on the solar radiation determined by the atmosphere state,
latitude, iocal time, season and cloudiness. Latitude and time are determined by the solar zenith
angle Z. It is usually assumed that reaction rates vary proportionally to the following function

[Carter et al {1976}}:

S(2) = expl-rfcosl),

where r - constant characteristic of a given reaction. For the majority of reactions r value is known
to be approximately within the range of 0.5-2.5. In modelling the relative (dimensionless) values

of radiation are used. They are calculated by formula:
S=SylLlcos{Mm /6) +S,lLl)cos(tn/12),

where SylL) and Su(L) - functions of latitude L taken from tables, M - number of a month of the
year, t - focal time in hours. The radiation level at iatitude 35° at equinox, at noon is taken to be
S=1 (it means, that 0<S<1.2). It is supposed that the radiation decreases proportionaily to cloud
cover density. The final parametrization of the chemical scheme is specified on the basis of
statistical analysis provided by the EMEP network data given in EMEP / CCC reports 1980-1994.
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NITROGEN EMISSION MAPS.

NITROGEN DEPOSITION MAPS.

PLOTS OF MODEL-MEASUREMENT COMPARISON
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ANNEX C

TABLES OF ATMQOSPHERIC DEPOSITION OF NITROGEN
ON INDIVIDUAL EMEP AND LOLA GRID CELLS AND OF

NITROGEN LEACHING FROM THESE CELLS



TABLE C1:

Mediterranean (Ntd} and leaching (runoff} of nifrogen from these cells (N leach)

Atmosphenc deposition of nitrogen on individual EMEPR grid cells of the

X Y Ntd N’(each X Y Nm N{each

EMEP grid kt/yr ktiyr  Nieach:Ni fatio EMEP gnd ktiyr ktiyrt  Nieacn:Nig ratio
58 11 3.07 0.00 0.00 64 8 6.26 0.00 0.00

59 11 2.93 0.00 0.00 64 9 1.25 0.00 0.00

59 12 6.43 0.64 0.10 64 11 0.41 1,00E-03  2.50E-03
60 6 0.88 0.00 0.00 64 12 0.88 0.00 0.00

60 7 1.23 0.01 G.01 64 16 1.55 1.90E-03  7.60E-04
60 10 1.98 0.19 0.10 64 17 17.58 2.43 0.14

80 1 6.37 0.49 0.08 64 18 36.33 2.12 0.06

60 12 15.97 2.58 0.16 84 19 41.18 19.55 0.47

61 5 0.35 0.00 0.00 64 20 1.37 0.06 0.04

61 6 (.38 0.00 0.00 65 6 0.12 1.70E-03  0.01

61 7 0.50 0.00 0.00 65 7 2.05 0.08 0.04

61 8 2.34 0.03 0.01 65 8 2.86 000 0.00

61 9 9.12 0.18 0.02 65 9 3.40 0.00 0.00

61 10 7.74 0.00 0.00 65 10 0.79 0.00 0.00

61 11 14.26 2.49 0.17 65 18 3.81 0.00 0.00

61 12 22.54 3.23 0.14 65 16 2.94 0.22 0.08

61 13 6.03 1.97 0.33 65 17 17.36 0.00 (.00

81 14 0.99 0.29 0.30 65 18 24.30 1.72 0.07

61 16 5.33 1.72 0.32 85 19 19.88 0.00 0.00

61 17 2437 3.90 0.16 65 20 6.28 0.2 0.03

61 18 15.88 0.68 0.04 66 7 0.14 1.20E-03  0.01

62 4 0.43 0.00 0.00 66 8 0.76 3.80E-03 0.01

62 5 1.49 0.00 0.00 66 2] 243 0.01 0.01

62 6 1.83 €.00 0.00 66 10 3.87 0.00 0.00

62 7 0.17 0.00 0.00 66 11 0.17 2.80E-04 1.60E-Q3
62 8 3.96 0.05 0.01 66 13 0.31 0.00 0.00

62 g 4.29 Q.11 0.03 66 14 3.7¢9 0.00 0.00

62 10 470 0.00 0.00 66 15 2.88 0.04 0.02

62 11 1.74 0.00 0.00 66 17 17.41 1.31 0.08

62 12 9.65 0.00 0.00 66 18 11.50 4,35 0.38

62 13 21.5 6.21 0.29 66 19 1.88 2.30E-04  1.20E-04
82 14 8.32 1.00 0.18 66 20 3.43 0.13 0.04

62 15 25.33 5.57 0.22 67 9 0.23 2.00E-03 0.01

62 16 15.69 0.2 0.01 67 10 1.21 0.00 0.00

62 17 24.47 0.00 0.00 67 11 2.18 0.00 0.00

62 18 1.30 0.41 0.31 67 12 0.36 0.00 0.00

83 4 0.14 0.00 0.00 67 13 0.19 0.00 0.00

63 5 1.15 0.00 0.00 67 14 2.63 0.00 0.00

63 6 0.99 4.80E-03  4.80E-03 67 17 17.17 0.06 3.80E-03
63 7 3.39 0.00 0.00 67 18 14.56 0.13 0.01

63 10 0.28 Q.00 0.0¢ 67 19 8.35 0.00 0.00

63 11 0.50 9.10E-05  1.80E-04 67 20 4.82 0.65 0.14

63 12 0.56 9.90E-04  1.80E-03 68 10 0.12 0.00 0.00

£3 15 7.75 0.39 0.05 68 11 1.34 0.00 0.00

63 16 13.35 0.0 0.00 68 12 2.06 0.00 0.00

63 17 37.41 1.08 0.03 68 13 0.60 0.00 Q.00

63 18 27 18 2.66 0.1 68 17 14.63 12.84 0.88"

63 19 8.15 0.81 0.1 88 18 6.91 0.00 0.00

64 5 0.04 4.30E-04 0.01 88 20 15.53 064 0.04

84 6 1.38 0.0z 0.01 69 11 1.37 0.03 0.02

64 7 3.25 0.0~ 4 50E-03 69 12 2.92 000 0.00
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X Y Nid Niesen X Y N Nieach

EMEP grid  Kktiyr KUYT  Nieacn:Nig ratio EMEP gnd  ktiyr KT Nieacn:Nia ratio
69 13 0.91 0.00 0.00 75 11 0.19 3.90E-03 0.02
69 14 0.48 0.00 0.00 75 12 0.46 0.00 0.00
69 15 0.83 0.00 0.00 75 19 0.44 0.00 0.00
69 17 3.78 0.00 0.00 78 21 0.13 0.00 0.00
69 18 14,22 0.00 0.00 758 22 2.20 0.00 0.00
69 20 6.68 0.36 0.05 75 23 8.10 0.39 0.05
69 21 0.75 0.08 3.1 75 24 3.16 Q.00 0.00
70 10 0.08 1.60E-03 0.02 76 11 0.14 0.00 0.00
70 1 1.18 0.02 0.02 76 12 0.45 0.00 0.00
70 12 1.16 0.00 0.00 76 13 0.07 0.0G 0.00
70 14 0.09 0.00 0.00 76 19 0.94 0.00 0.00
70 15 5.30 0.11 0.02 78 20 1.06 0.00 0.00
70 16 3.13 0.00 0.00 76 22 1.66 0.00 0.00
70 17 3.65 0.38 0.1 76 23 10.72 0.00 0.00
70 18 5.18 0.00 0.00 76 24 5.23 0.04 0.01
70 19 0.63 0.00 0.00 76 25 0.31 3.20E-03 0.01
70 20 12.22 0.00 0.00 7 11 0.02 0.00 0.00
70 21 7.24 2.04 0.28 77 12 0.18 0.00 0.00
70 22 2.46 0.48 g.19 77 13 0.54 0.00 0.00
71 10 017 3.10E-03 Q.02 77 14 0.02 0.00 0.00
71 11 0.81 0.00 0.00 77 15 0.52 1.00E-03 1.80E-03
71 15 3.37 2.50E-03 7.40E-04 |77 16 2.45 0.00 0.00
71 16 1.12 0.00 0.00 77 17 0.61 0.00 0.00
71 17 0.71 0.00 0.00 77 19 0.36 0.00 0.00
71 18 3.86 0.00 0.00 77 20 2.68 0.00 0.00
71 20 8.36 0.00 0.00 77 22 2.08 0.00 (.00
71 21 17.87 0.00 0.00 77 23 3.62 0.08 0.02
71 22 18.63 0.00 0.00 77 24 9.73 0.00 0.00
71 23 15.44 1.91 0.12 77 25 16.22 0.00 0.00
72 10 0.43 0.02 0.05 77 26 2.51 0.11 0.04
72 11 0,32 3.30E-03 0.01 77 28 1.13 0.00 0.00
72 18 1.84 0.00 0.00 77 29 0.33 0.00 0.00
72 20 11.80 1.53 0.13 78 12 0.08 0.00 0.00
72 21 18.10 0.00 0.00 78 13 0.24 3.00E-04  1.20E-03
72 22 8.98 3.90 0.43 78 14 1.08 0.00 0.00
72 23 18.27 0.78 0.04 78 15 0.66 0.00 0.00
72 24 7.14 0.50 0.07 78 16 0.83 0.00 0.00
73 10 0.15 0.00 0.00 78 17 0.57 0.00 0.00
73 11 0.48 0.02 0.04 78 23 0.15 0.00 0.00
73 12 0.22 0.00 0.00 78 24 0.13 0.00 0.00
73 19 8.78 0.13 0.01 78 25 3.67 0.01 1.90E-03
73 20 10.40 0.00 0.00 78 26 6.03 2.04 0.34
73 23 7.93 0.00 0.0 78 27 3.99 0.00 0.00
73 24 7.51 0.80 0.12 78 28 5.14 0.00 0.00
74 10 0.05 0.00 0.00 78 29 0.76 0.01 0.01
74 11 0.22 0.00 0.00 78 13 0.02 0.00 0.00
74 12 1.17 0.13 0.11 79 14 0.04 0.00 0.00
74 19 5.82 0.00 0.00 79 15 0.13 0.00 0.00
74 20 835 .00 0.00 79 16 0.80 0.00 3.00
T4 21 1.47 0.00 0.00 79 17 0.37 0.00 (.00
74 22 1.04 0.00 0.00 79 18 0.92 0.00 0.00
74 23 3.07 0.03 Q.01 79 24 082 0.00 0.00
75 10 0.01 0.00 0.00 79 25 073 0.00 0.00
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X Y Nrd Nleach
EMEP grid kt/yr Kt/yr  Nieach:Nia ratio
79 26 0.51 0.00 0.00
79 27 2.62 0.00 0.00
79 28 0.29 0.00 0.00
80 16 0.04 0.00 0.00
80 17 0.23 0.00 0.00
80 18 1.77 0.00 Q.00
80 19 0.19 0.00 0.00
80 24 0.37 0.00 0.00
80 25 1.07 0.00 0.00
80 27 0.79 0.00 0.00
81 17 0.02 0.00 0.00
81 18 0.25 0.00 0.00
81 19 1.95 0.00 0.00
81 20 0.23 0.00 0.00
81 25 0.27 0.00 0.00
81 26 0.70 0.00 0.00
82 18 0.03 0.00 0.00
82 19 0.48 0.00 0.00
82 23 0.02 0.00 0.00
82 25 3.3¢ 0.00 0.00
83 23 0.30 0.00 0.00
83 24 1.67 0.00 0.00
83 25 0.62 0.00 0.00

s Explanation see in sections 4.4 and 4.3
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e TABLE C2: Atmospheric deposition of nitrogen on individual LoLa grid cells of the
Nile watershed and leaching (runoff of nitrogen from these cells (N leach)

Lo° La° Nu Niexh Llo® 1a® Nu Nieach
grid ke kt  Niexn:Nu rado grid kt kt  Nrexn:Nus rado

30 32 0.27 0.00 0.00 26 23 0.51 0.00 0.00
31 32 0.44 0.00 0.00 27 23 0.5t .00 0.00
29 3 .35 0.00 0.00 28 23 0.51 0.00 0.00
0 31 0.69 0.00 0.00 29 23 0.51 0,00 0.00
31 31 t.12 0.00 0.00 30 23 0.51 0.00 0.00
32 31 0.45 0.00 0.00 31 23 0.51  0.00 0.00
28 30 0.07 0.00 0.00 32 23 0.51 0.00 0.00
29 30 0.63 0.00 0.00 33 23 091  0.00 0.00
30 30 0.70 0.00 0.00 34 23 0.55 0.00 0.00
31 30 0.85 0.00 0.00 24 22 0.10  0.00 0.00
28 29 0.28 0.00 0.00 25 22 0.52 0.00 0.00
29 29 0.71 0.00 0.00 26 22 0.52 0.00 0.00
3o 29 0,71 0.00 0.00 27 22 0.52 0.00 0.00
3t 29 0.91 0.00 0.00 28 22 0.52 0.00 0.c0
32 29 0.34 0.00 Q.00 29 22 0.52  0.00 0.00
28 28 0.04 0,00 0.00 30 22 .52  0.00 0.00
29 28 0.8 0.00 0.00 31 22 0.92 0.00 0.00
30 28 0.71  0.00 0.00 32 22 0.92 0.00 0.00
31 28 1.15 .00 0.00 33 22 0.92 0.00 0.00
32 28 0.98 0.00 0.00 34 22 0.87 0.00 0.00
29 27 0.36 0.00 0.0C 24 2 0.21  0.00 0.00
30 27 0.72 0,00 0.c0 25 21 0.52 0.00 0.00
3t 27 .16 0.00 0.00 26 21 0.52 0.00 0.00
32 27 .16 0.00 0.00 27 21 0.52  0.00 0.00
33 27 0.52 0.00 0.00 28 21 0.52 0.00 0.00
27 26 0.65 0.00 0.00 29 21 0.52 Q.00 0.00
28 26 0.62 0.00 0.00 30 21 0.2 0.00 0.00
29 26 0.54 0.00 0.00 I 21 0.92 0.00 0.00
30 26 0.72 0.00 0.00 32 21 0.922 0.00 0.00
31 26 0.72 0.00 0.00 33 21 0.92 0.00 0.00
32 26 0.72 0.00 0.00 34 21 ¢.22 0.00 0.00
33 26 0.69 0.00 0.00 35 21 032 0.00 0.00
34 26 0.09¢ 0.00 0.00 24 20 .61 0.00 0.00
26 25 c.18 0.00 0.00 25 20 1.22 000 0.00
27 25 0.51 0.00 0.00 26 20 1.22  0.00 0.00
28 25 0.51 Q.00 0.00 27 20 1.22 0.00 0.00
29 25 0.51 0.00 0.00 28 20 1.22  0.00 .00
30 25 0.5t 0©.co 0.00 29 20 1.22 Q.00 Q.00
31 25 0.51 0.00 0.00 Jjo 20 1.22  0.00 0.00
32 25 0.51 0.00 0.00 3t 20 1.22 0,00 0.00
33 25 0.90 0.00 0.00 32 20 1.22 0.00 0.00
i4 25 0.45 0.00 0.00 33 20 1.22  0.00 0.00
26 24 0.43 0.00 0.00 34 20 1.22  0.00 0.00
27 24 0.51 0.00 0.00 35 20 1.22  0.00 0.00
28 24 0.5t 0.00 0.00 36 20 0.49 0.00 0.00
2% 24 0.51 000 0.00 24 19 1.02 0.00 0.00
30 24 0.51 0.00 .00 25 19 1.23 0.00 0.00
3t 24 0.51 0.00 0.00 26 19 .23 0.00 0.00
32 24 0.51 0.00 0.Q0 ) 27 19 1.23 .00 0.00
33 24 0.90 0.00 €.00 28 19 1.23  0.00 0.00
34 24 0.54 0.00 0.00 29 19 1.23 0.00 0.00
25 23 0.23 0.00 0.00 30 19 1.23  0.00 0.00
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Nu Nieach Lo® La°® Nu Nieach
kt kt  Niesch: N ratio grid ke kt  Nisa:Nu rato

1.23  0.00 0.00 25 1% 2.15 Q.00 0.00
1.23 Q.00 0.00 26 15 2.15  0.00 0.00
1.23 0.00 0.00 27 15 2.15 0.00 0.00
.23 0.00 0.00 28 15 2.15  0.00 0.00
1.23  0.00 0.00 29 15 2.15  0.00 .00
0.86 0.00 0.00 30 15 2.15 0.00 .00
0.74 0.00 .00 31 15 2.15 0.00 .00
1.23 0.00 .00 32 15 2.15 0.00 0.Co
1.23 0.00 0.00 33 15 2.15 0.co 0.00
1.23 0.00 0.00 34 15 2.15 0.00 0.00
.23 0.00 0.00 35 15 2.15  0.00 0.00
1.23 0.00 0.00 36 15 2.15 0.00 .00
1.23 0.00 0.00 37 15 2.15 0.00 0.00
.23  0.00 0.00 I8 15 2.15  0.00 0.00
1.23 0.00 0.00 32 15 1.29 0.00 0.00
1.23 0.00 0.00 24 14 1.29 0.00 0.00
1.23  0.00 0.00 25 14 2.16  0.00 0.00
1.23  0.00 0.00 26 14 2.16 0.00 0.00
1.23 0.00 0.00 27 14 2.16 0.co 0.00
0.62 0.00 0.00 28 14 2.16 0.00 .00
0.31 0.00 0.00 29 14 2.16 0.00 0.00
1.24 0.00 0.00 30 14 2.16 0.00 0.00
1.24 0.00 0.00 31 14 2.16 0.00 0.Cc0
1.24 0.00 0.00 32 14 2.16 0.00 0.00
1.24 0.00 0.00 33 14 2.14 0.00 0.00
1.24 0.00 0.00 34 14 2.16 .00 0.00
1.24 0.00 0.00 35 14 2.16 0.00 0.00
1.24 0.00 0.00 36 14 2.16 0.00 0.00
1.24 0.00 0.00 37 14 2.16 Q.00 0.00
1.24 0.00 0.00 38 14 2.16 0.00 .00
1.24 0.00 0.00 J?2 14 1.83 0.00 0.00
1.24 0.00 0.00 23 13 0.11 0.00 0.0C
1.24 0.0C 0.00 24 13 2.16 0.00 0.00
1.24 0.00 0.00 25 13 2.16 0.00 0.00
0.68 0.00 0.00 26 13 2.16 0.00 0.00
1.00 0.00 0.00 27 13 2.18 0.00 0.00
1.25 0.00 0.00 28 13 2.16 0.00 0.00
1.25  0.00 0.00 29 13 2.16 0.00 0.00
1.25  0.00 0.00 30 13 2.16 0.00 0.00
1.25 0.00 0.00 I 13 2.16 0.00 0.00
1.25  0.00 0.00 312 13 2.16 0.00 0.00
1.25 0.00 .00 33 13 2.16 0.00 0.00
1.25 0.00 .00 34 13 2.16 0.00 0.00
1.25 0.00 0.00 35 13 2.16 0,00 0.00
1.25 0.00 0.00 36 13 2.16 0.00 0.00
1.25 000 0.00 37 13 2.16 .00 0.c0
1.25 0.C0 0.00 38 13 2.16 0.00 0.00
1.25 0.00 0.00 39 13 1.73 0.00 0.00
1.25 0.00 0.00 24 12 2.02 0.00 0.00
1.12 0.00 0.00 25 12 2.17 0.00 0.00
0.69 0.00 0.00 26 12 2.17 0.00 0.00
0.56 0.00 0.00 27 12 217 0.00 0.00
1.61 0.00 0.00 28 12 2.17 0.00 0.00
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Lo® La°® Nu Niexch Llo® La® Nu Niexct
grid kt kt  Nieacn:Nuw rato erid kt kt Niees:Nu ratio

29 12 2.17 0.00 0.00 it 9 2.74 Q.00 0.00
30 12 2.17 0.00 0.00 j2 9 2.74 0.00 0.00
3t 12 217 .00 0.00 33 ¢ 274 Q.00 Q.00
32 12 2.17 0.00 0.00 4 9 274 0.00 0.00
33 12 2.17 0.00 0.00 35 9 2.74 0.00 0.00
34 12 2.17 0.00 0.00 36 9 2.74 0.00 0.00
35 12 2.17 Q.00 0.00 7 9 0.27 0.00 0.c0
36 12 2.17 0.00 0.0C 25 8 1.51 0.00 0.00
37 12 2.17  0.00 0.00 26 8 2,75  0.00 0.00
38§ 12 2.17 0.00 0.00 27 8 2,75 0.00 0.00
39 12 1.96 0.00 0.00 28 8 2.75 0.00 0.00
24 11 1.81 0.00 0.00 29 8 2.75 0.00 0.00
25 11 2.18 0.00 .00 30 8 2.75  0.00 0.00
26 11 2.18 0.00 0.00 31 8 275  0.00 0.00
27 1 2.18 0.00 0.00 12 8 2,75 0.00 0.00
28 11 2.18 0.00 0.00 i3 8 2.75  0.00 0.00
29 11 2.18 0.00 0.00 34 8 275  0.00 0.00
30 1 2.18  0.00 0.00 35 8 2,66 0.00 0.00
31 1 2.18 0.00 0.00 36 8 0.69 C.00 0.00
32 11 2.18 0.00 Q.00 26 7 1.51 0.00 0.00
33 11 2.18 0.00 0.00 27 7 2.75 0,00 0.00
34 11 2.13  0.00 0.0 28 7 275 0.00 0.00
35 11 2.18 0,00 0.00 29 7 2.75  0.00 0.00
36 11 2.18 0.00 0.00 30 7 275 0.00 .00
37 1 2.18 0.00 0.00 37 2.75 0.00 0.00
38 11 2.18 0.00 0.00 32 7 2.75 0,00 0.00
392 11 1.96 0.00 0.00 33 7 2.75  0.00 0.00
23 10 1.09 0.00 0.00 4 7 2.75 0,00 0.00
24 10 2,60 0.00 0.00 35 7 1.79 0.00 0.00
25 10 2.73 000 0.00 27 6 1.79 C.00 0.00
26 10 2,73 0.00 0.00 28 6 2,76 0.00 0.00
27 10 273  0.00 0.00 2% 4 2.76 0.00 0.00
28 10 273  0.00 ¢.00 30 6 2.76 0.00 0.00
29 10 273 0.00 0.00 J1 4 2.76 0.00 0.00
30 10 2.73 0.00 0.c0 32 4 276 Q.00 0.00
31 10 2.73 0.00 0.00 33 4 2.76 Q.00 0.00
32 10 2.73  0.00 0.00 4 6 2.76 0.00 0.00
33 10 2.73  0.00 0.00 35 6 1.16 0.00 0.00
34 10 2,73 -0.00 0.00 27 5§ 0.37 0.00 0.00
35 10 2.73  0.00 0.00 28 5 .10 0.00 0.00
36 10 2.0 0.00 0.00 29 5 1,47 0.00 0.00
37 10 2.46 0.00 0.00 30 5 2.76 0.00 0.00
38 10 2.40 0.00 0.00 31§ 3.68 0.00 0.00
39 10 1.09 0.00 0.00 32 § 2.76 0.00 0.00
23 9 0.19 0.00 0.00 33 5§ 2,76 Q.00 0.00
24 9 0.96 0.00 0.0C 34 5§ 0.97 0.00 0.00
25 ¢ 2.60 0.00 0.00 31 4 350 Q.00 0.00
26 9 2.74 0.00 0.00 32 4 2.76 C.00 0.00
27 9 2.74 0.00 0.00 33 4 2.76 0.00 0.00
28 9 2.74 0.00 0.00 34 4 1.24 Q.00 0.00
29 9 2.74 0,00 0.00 3t 3 2.77 -0.00 0.00
30 9 2.74 0.00 0.00 32 3 2,77 Q.00 0.00




Lo® La® Nu Nreacn
grid kt kt  Niean:Newa ratio

33 3 277 0.00 0.00
34 3 235 0.00 o0.00
29 2 0.14 000 0.00
3c 2 1.80 0.00 0.00
31 2 277 0.00 Q.00
32 2 2,77 0.00 0.00
33 2 2.77 000 0.00
34 2 249 0.00 0.00
35 2 0.42 0.00 0.0
29 1 1.52  0.00 0.00
30 1 2.77 0.00 0.00
3t 1 277 0.00 0.00
32 1 277 000 0.00
33 1 277 0.00 0.0
34 1 277 0.00 0.00
35 1 0.7 0.00 0.00
29 0 249 0.00 0.00
30 0 277 000 0.00
31 0 2.77 0.00 0.00
32 0 2.77 0.00 0.00
33 0 2,77 000 0.00
34 © 277 0,00 0.00
i5 0 1.80 0.00 0.00
29 -1 1.35 0.0 0.00
30 -1 2.46 0.0 0.00

31 -1 246 0.00 0.00
32 -1 246 0.00 0.00
33 -1 246 0.00 0.00
34 -1 246 0.00 0.00
35 -1 1.60 0.00 0.00
29 -2 1.23 000 0.00
Jo -2 209 000 0.00
31 -2 2.2t 000 0.00
32 -2 2.46 = 0.00 0.00
33 -2 2.46 0.00 0.00
34 -2 234 0.00 0.00
35 -2 0.86 0.00 0.00
29 -3 1.23 0.00 0.00
30 -3 0.86 0.00 0.00
31 -3 0.1z 0.00 0.0
32 -3 .11 000 0.00
33 -3 .35 0.00 0.00
34 -3 0.25 0,00 0.00
29 -4 0.25 0.00 0.00
30 -4 0.25 0.00 0.00




84

PUBLICATIONS OF THE MAP TECHNICAL REPORTS SERIES

UNEP/IOC/WMO: Baseline studies and monitoring of oil and petroleum hydrocarbons in marine waters
(MED POL I). MAP Technical Reports Series No. 1. UNEP, Athens, 1986 (96 pgs.) (parts in English,
French or Spanish only).

PNUE/COI/OMM: Etudes de base et surveillance continue du pétrole et des hydrocarbures contenus
dans les eaux de la mer (MED POL I). MAP Technical Reports Series No. 1. UNEP, Athens, 1986 (96
pgs.) (parties en anglais, frangais ou espagnol seulement).

UNEP/FAO: Baseline studies and monitoring of metals, particularly mercury and cadmium, in marine
organisms (MED POL II). MAP Technical Reports Series No. 2. UNEP, Athens, 1986 (220 pgs.) (parts
in English, French or Spanish only).

PNUE/FAOQ: Etudes de base et surveillance continue des métaux, notamment du mercure et du
cadmium, dans les organismes marins (MED POL II). MAP Technical Reports Series No. 2. UNEP,
Athens, 1986 (220 pgs.) (parties en anglais, frangais ou espagnol seulement).

UNEP/FAO: Baseline studies and monitoring of DDT, PCBs and other chlorinated hydrocarbons in
marine organisms (MED POL Ill). MAP Technical Reports Series No. 3. UNEP, Athens, 1986 (128 pgs.)
(parts in English, French or Spanish only).

PNUE/FAO: Etudes de base et surveillance continue du DDT, des PCB et des autres hydrocarbures
chlorés contenus dans les organismes marins (MED POL IIl). MAP Technical Reports Series No. 3.
UNEP, Athens, 1986 (128 pgs.) (parties en anglais, francais ou espagnol seulement).

UNEP/FAO: Research on the effects of pollutants on marine organisms and their populations (MED POL
IV). MAP Technical Reports Series No. 4. UNEP, Athens, 1986 (118 pgs.) (parts in English, French or
Spanish only).

PNUE/FAO: Recherche sur les effets des polluants sur les organismes marins et leurs peuplements
(MED POL IV). MAP Technical Reports Series No. 4. UNEP, Athens, 1986 (118 pgs.) (parties en
anglais, francais ou espagnol seulement).

UNEP/FAO: Research on the effects of pollutants on marine communities and ecosystems (MED POL
V). MAP Technical Reports Series No. 5. UNEP, Athens, 1986 (146 pgs.) (parts in English or French
only).

PNUE/FAO: Recherche sur les effets des polluants sur les communautés et écosystemes marins (MED
POL V). MAP Technical Reports Series No. 5. UNEP, Athens, 1986 (146 pgs.) (parties en anglais ou
francais seulement).

UNEP/IOC: Problems of coastal transport of pollutants (MED POL VI). MAP Technical Reports Series
No. 6. UNEP, Athens, 1986 (100 pgs.) (English only).

UNEP/WHO: Coastal water quality control (MED POL VII). MAP Technical Reports Series No. 7.
UNEP, Athens, 1986 (426 pgs.) (parts in English or French only).

PNUE/OMS: Contrble de la qualité des eaux cbétieres (MED POL VII). MAP Technical Reports Series
No. 7. UNEP, Athens, 1986 (426 pgs.) (parties en anglais ou francais seulement).

UNEP/IAEA/IOC: Biogeochemical studies of selected pollutants in the open waters of the Mediterranean
(MED POL VIIl). MAP Technical Reports Series No. 8. UNEP, Athens, 1986 (42 pgs.) (parts in English
or French only).

PNUE/AIEA/COI: Etudes biogéochimiques de certains polluants au large de la Méditerranée (MED POL
VIIl). MAP Technical Reports Series No. 8. UNEP, Athens, 1986 (42 pgs.) (parties en anglais ou
francais seulement).



Add.

10.

11.

12.

13.

14,

15.

85

UNEP: Biogeochemical studies of selected pollutants in the open waters of the Mediterranean
MED POL VIil). Addendum, Greek Oceanographic Cruise 1980. MAP Technical Reports Series No. 8,
Addendum. UNEP, Athens, 1986 (66 pgs.) (English only).

UNEP: Co-ordinated Mediterranean pollution monitoring and research programme (MED POL - PHASE
). Final report, 1975-1980. MAP Technical Reports Series No. 9. UNEP, Athens, 1986 (276 pgs.)
(English only).

UNEP: Research on the toxicity, persistence, bioaccumulation, carcinogenicity and mutagenicity of
selected substances (Activity G). Final reports on projects dealing with toxicity (1983-85). MAP
Technical Reports Series No. 10. UNEP, Athens, 1987 (118 pgs.) (English only).

UNEP: Rehabilitation and reconstruction of Mediterranean historic settlements. Documents produced in
the first stage of the Priority Action (1984-1985). MAP Technical Reports Series No. 11. UNEP, Priority
Actions Programme, Regional Activity Centre, Split, 1986 (158 pgs.) (parts in English or French only).

PNUE: Réhabilitation et reconstruction des établissements historiques méditerranéens. Textes rédigés
au cours de la premiére phase de l'action prioritaire (1984-1985). MAP Technical Reports Series No. 11.
UNEP, Priority Actions Programme, Regional Activity Centre, Split, 1986 (158 pgs.) (parties en anglais
ou francais seulement).

UNEP: Water resources development of small Mediterranean islands and isolated coastal areas.
Documents produced in the first stage of the Priority Action (1984-1985). MAP Technical Reports Series
No. 12. UNEP, Priority Actions Programme, Regional Activity Centre, Split, 1987 (162 pgs.) (parts in
English or French only).

PNUE: Développement des ressources en eau des petites iles et des zones cotiéres isolées
méditerranéennes. Textes rédigés au cours de la premiére phase de l'action prioritaire (1984-1985).
MAP Technical Reports Series No. 12. UNEP, Priority Actions Programme, Regional Activity Centre,
Split, 1987 (162 pgs.) (parties en anglais ou francais seulement).

UNEP: Specific topics related to water resources development of large Mediterranean islands.
Documents produced in the second phase of the Priority Action (1985-1986). MAP Technical Reports
Series No. 13. UNEP, Priority Actions Programme, Regional Activity Centre, Split, 1987 (162 pgs.)
(parts in English or French only).

PNUE: Themes spécifiques concernant le développement des ressources en eau des grandes iles
méditerranéennes. Textes rédigés au cours de la deuxieme phase de I'action prioritaire (1985-1986).
MAP Technical Reports Series No. 13. UNEP, Priority Actions Programme, Regional Activity Centre,
Split, 1987 (162 pgs.) (parties en anglais ou francais seulement).

UNEP: Experience of Mediterranean historic towns in the integrated process of rehabilitation of urban
and architectural heritage. Documents produced in the second phase of the Priority Action (1986). MAP
Technical Reports Series No. 14. UNEP, Priority Actions Programme, Regional Activity Centre, Split,
1987 (500 pgs.) (parts in English or French only).

PNUE: L'expérience des villes historiques de la Méditerranée dans le processus intégré de réhabilitation
du patrimoine urbain et architectural. Documents établis lors de la seconde phase de I'Action prioritaire
(1986). MAP Technical Reports Series No. 14. UNEP, Priority Actions Programme, Regional Activity
Centre, Split, 1987 (500 pgs.) (parties en anglais ou francais seulement).

UNEP: Environmental aspects of aquaculture development in the Mediterranean region. Documents
produced in the period 1985-1987. MAP Technical Reports Series No. 15. UNEP, Priority Actions
Programme, Regional Activity Centre, Split, 1987 (101 pgs.) (English only).



16.

17.

18.

19.

20.

21.

22

23.

24,

86

UNEP: Promotion of soil protection as an essential component of environmental protection in
Mediterranean coastal zones. Selected documents (1985-1987). MAP Technical Reports Series No. 16.
UNEP, Priority Actions Programme, Regional Activity Centre, Split, 1987 (424 pgs.) (parts in English or
French only).

PNUE: Promotion de la protection des sols comme élément essentiel de la protection de
I'environnement dans les zones coétieres méditerranéennes. Documents sélectionnés (1985-1987). MAP
Technical Reports Series No. 16. UNEP, Priority Actions Programme, Regional Activity Centre, Split,
1987 (424 pgs.) (parties en anglais ou frangais seulement).

UNEP: Seismic risk reduction in the Mediterranean region. Selected studies and documents
(1985-1987). MAP Technical Reports Series No. 17. UNEP, Priority Actions Programme, Regional
Activity Centre, Split, 1987 (247 pgs.) (parts in English or French only).

PNUE: Réduction des risques sismiques dans la région méditerranéenne. Documents et études
sélectionnés (1985-1987). MAP Technical Reports Series No. 17. UNEP, Priority Actions Programme,
Regional Activity Centre, Split, 1987 (247 pgs.) (parties en anglais ou francgais seulement).

UNEP/FAO/WHO: Assessment of the state of pollution of the Mediterranean Sea by mercury and

mercury compounds. MAP Technical Reports Series No. 18. UNEP, Athens, 1987 (354 pgs.) (English
and French).

PNUE/FAO/OMS: Evaluation de I'état de la pollution de la mer Méditerranée par le mercure et les
composés mercuriels. MAP Technical Reports Series No. 18. UNEP, Athens, 1987 (354 pgs.).

UNEP/IOC: Assessment of the state of pollution of the Mediterranean Sea by petroleum hydrocarbons.
MAP Technical Reports Series No. 19. UNEP, Athens, 1988 (130 pgs.) (English and French).

PNUE/COI: Evaluation de I'état de la pollution de la mer Méditerranée par les hydrocarbures de pétrole.
MAP Technical Reports Series No. 19. UNEP, Athens, 1988 (130 pgs.).

UNEP/WHO: Epidemiological studies related to environmental quality criteria for bathing waters,
shellfish-growing waters and edible marine organisms (Activity D). Final report on project on relationship
between microbial quality of coastal seawater and health effects (1983-86). MAP Technical Reports
Series No. 20. UNEP, Athens, 1988 (156 pgs.) (English only).

UNEP/UNESCO/FAO: Eutrophication in the Mediterranean Sea: Receiving capacity and monitoring of
long-term effects. MAP Technical Reports Series No. 21. UNEP, Athens, 1988 (200 pgs.) (parts in
English or French only).

PNUE/UNESCO/FAOQ: Eutrophisation dans la mer Méditerranée: capacité réceptrice et surveillance
continue des effets a long terme. MAP Technical Reports Series No. 21. UNEP, Athens, 1988 (200
pgs.) (parties en anglais ou frangais seulement).

UNEP/FAOQ: Study of ecosystem maodifications in areas influenced by pollutants (Activity 1). MAP
Technical Reports Series No. 22. UNEP, Athens, 1988 (146 pgs.) (parts in English or French only).

PNUE/FAO: Etude des modifications de I'écosysteme dans les zones soumises a l'influence des
polluants (Activité 1). MAP Technical Reports Series No. 22. UNEP, Athens, 1988 (146 pgs.) (parties en
anglais ou francais seulement).

UNEP: National monitoring programme of Yugoslavia, Report for 1983-1986. MAP Technical Reports
Series No. 23. UNEP, Athens, 1988 (223 pgs.) (English only).

UNEP/FAOQ: Toxicity, persistence and bioaccumulation of selected substances to marine organisms
(Activity G). MAP Technical Reports Series No. 24. UNEP, Athens, 1988 (122 pgs.) (parts in English or
French only).

PNUE/FAO: Toxicité, persistance et bioaccumulation de certaines substances vis-a-vis des organismes
marins (Activité G). MAP Technical Reports Series No. 24. UNEP, Athens, 1988 (122 pgs.) (parties en
anglais ou francais seulement).



25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

87

UNEP: The Mediterranean Action Plan in a functional perspective: A quest for law and policy. MAP
Technical Reports Series No. 25. UNEP, Athens, 1988 (105 pgs.) (English only).

UNEP/IUCN: Directory of marine and coastal protected areas in the Mediterranean Region. Part | - Sites
of biological and ecological value. MAP Technical Reports Series No. 26. UNEP, Athens, 1989 (196

pgs.) (English only).

UNEP: Implications of expected climate changes in the Mediterranean Region: An overview. MAP
Technical Reports Series No. 27. UNEP, Athens, 1989 (52 pgs.) (English only).

UNEP: State of the Mediterranean marine environment. MAP Technical Reports Series No. 28. UNEP,
Athens, 1989 (225 pgs.) (English only).

UNEP: Bibliography on effects of climatic change and related topics. MAP Technical Reports Series No.
29. UNEP, Athens, 1989 (143 pgs.) (English only).

UNEP: Meteorological and climatological data from surface and upper measurements for the
assessment of atmospheric transport and deposition of pollutants in the Mediterranean Basin: A review.
MAP Technical Reports Series No. 30. UNEP, Athens, 1989 (137 pgs.) (English only).

UNEP/WMO: Airborne pollution of the Mediterranean Sea. Report and proceedings of a WMO/UNEP
Workshop. MAP Technical Reports Series No. 31. UNEP, Athens, 1989 (247 pgs.) (parts in English or
French only).

PNUE/OMM: Pollution par voie atmosphérique de la mer Méditerranée. Rapport et actes des Journées
d'étude OMM/PNUE. MAP Technical Reports Series No. 31. UNEP, Athens, 1989 (247 pgs.) (parties en
anglais ou francgais seulement).

UNEP/FAOQ: Biogeochemical cycles of specific pollutants (Activity K). MAP Technical Reports Series
No. 32. UNEP, Athens, 1989 (139 pgs.) (parts in English or French only).

PNUE/FAO: Cycles biogéochimiques de polluants spécifiques (Activité K). MAP Technical Reports
Series No. 32. UNEP, Athens, 1989 (139 pgs.) (parties en anglais ou francais seulement).

UNEP/FAO/WHO/IAEA: Assessment of organotin compounds as marine pollutants in the
Mediterranean. MAP Technical Reports Series No. 33. UNEP, Athens, 1989 (185 pgs.) (English and
French).

PNUE/FAO/OMS/AIEA: Evaluation des composés organostanniques en tant que polluants du milieu
marin en Méditerranée. MAP Technical Reports Series No. 33. UNEP, Athens, 1989 (185 pgs.).

UNEP/FAO/WHO: Assessment of the state of pollution of the Mediterranean Sea by cadmium and
cadmium compounds. MAP Technical Reports Series No. 34. UNEP, Athens, 1989 (175 pgs.) (English
and French).

PNUE/FAO/OMS: Evaluation de I'état de la pollution de la mer Méditerranée par le cadmium et les
composés de cadmium. MAP Technical Reports Seri es No. 34. UNEP, Athens, 1989 (175 pgs.).

UNEP: Bibliography on marine pollution by organotin compounds. MAP Technical Reports Series No.
35. UNEP, Athens, 1989 (92 pgs.) (English only).

PNUE/UICN: Répertoire des aires marines et cotieres protégées de la Méditerranée. Premiéere partie -
Sites d'importance biologique et écologique. MAP Technical Reports Series No. 36. UNEP, Athens,
1990 (198 pgs.) (francais seulement).



37.

38.

39.

40.

41.

42.

43.

a4,

45.

88

UNEP/FAO: Final reports on research projects dealing with eutrophication and plankton blooms (Activity
H). MAP Technical Reports Series No. 37. UNEP, Athens, 1990 (74 pgs.) (parts in English or French

only).

PNUE/FAO: Rapports finaux sur les projets de recherche consacrés a I'eutrophisation et aux
efflorescences de plancton (Activité H). MAP Technical Reports Series No. 37. UNEP, Athens, 1990 (74
pgs.) (parties en anglais ou frangais seulement).

UNEP: Common measures adopted by the Contracting Parties to the Convention for the Protection of
the Mediterranean Sea against pollution. MAP Technical Reports Series No. 38. UNEP, Athens, 1990
(100 pgs.) (English, French, Spanish and Arabic).

PNUE: Mesures communes adoptées par les Parties Contractantes a la Convention pour la protection
de la mer Méditerranée contre la pollution. MAP Technical Reports Series No. 38. UNEP, Athens, 1990
(100 pgs.).

PNUE: Medidas comunes adoptadas por las Partes Contratantes en el convenio para la Proteccion del
Mar Mediterraneo contra la Contaminacion. MAP Technical Reports Series No. 38, UNEP, Athens,
1990 (100 pgs.).

UNEP/FAO/WHO/IAEA: Assessment of the state of pollution of the Mediterranean Sea by
organohalogen compounds. MAP Technical Reports Series No. 39. UNEP, Athens, 1990 (224 pgs.)
(English and French).

PNUE/FAO/OMS/AIEA: Evaluation de I'état de la pollution par les composés organchalogénés. MAP
Technical Reports Series No. 39. UNEP, Athens, 1990 (224 pgs.).

UNEP/FAO: Final reports on research projects (Activities H,I and J). MAP Technical Reports Series No.
40. UNEP, Athens, 1990 (125 pgs.) (English and French).

PNUE/FAOQ: Rapports finaux sur les projets de recherche (Activités H, | et J). MAP Technical Reports
Series No. 40. UNEP, Athens, 1990 (125 pgs.).

UNEP: Wastewater reuse for irrigation in the Mediterranean region. MAP Technical Reports Series No.
41. UNEP, Priority Actions Programme, Regional Activity Centre, Split, 1990 (330 pgs.) (English and
French).

PNUE: Réutilisation agricole des eaux usées dans la région méditerranéenne. MAP Technical Reports
Series No. 41. UNEP, Priority Actions Programme, Regional Activity Centre, Split, 1990 (330 pgs).

UNEP/IUCN: Report on the status of Mediterranean marine turtles. MAP Technical Reports Series No.
42. UNEP, Athens, 1990 (204 pgs.) (English and French).

PNUE/UICN: Rapport sur le statut des tortues marines de Méditerranée. MAP Technical Reports Series
No. 42. UNEP, Athens, 1990 (204 pgs.).

PNUE/UICN/GIS Posidonie: Livre rouge "Gérard Vuignier" des végétaux, peuplements et paysages
marins menacés de Méditerranée. MAP Technical Reports Series No. 43. UNEP, Athens, 1990 (250
pgs.) (francais seulement).

UNEP: Bibliography on aquatic pollution by organophosphorus compounds. MAP Technical Reports
Series No. 44. UNEP, Athens, 1990 (98 pgs.) (English only).

UNEP/IAEA: Transport of pollutants by sedimentation: Collected papers from the first Mediterranean
Workshop (Villefranche-sur-Mer, France, 10-12 December 1987). MAP Technical Reports Series No. 45.
UNEP, Athens, 1990 (302 pgs.) (English only).



46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

89

UNEP/WHO: Epidemiological studies related to environmental quality criteria for bathing waters,
shellfish-growing waters and edible marine organisms (Activity D). Final report on project on relationship
between microbial quality of coastal seawater and rotarus-induced gastroenterities among bathers
(1986-88). MAP Technical Reports Series No.46, UNEP, Athens, 1991 (64 pgs.) (English only).

UNEP: Jellyfish blooms in the Mediterranean. Proceedings of the Il workshop on jellyfish in the
Mediterranean Sea. MAP Technical Reports Series No.47. UNEP, Athens, 1991 (320 pgs.) (parts in
English or French only).

PNUE: Les proliférations de méduses en Méditerannée. Actes des llémes journées d'étude sur les
méduses en mer Méditerranée. MAP Technical Reports Series No.47. UNEP, Athens, 1991 (320 pgs.)
(parties en anglais ou frangais seulement).

UNEP/FAO: Final reports on research projects (Activity G). MAP Technical Reports Series No. 48.
UNEP, Athens, 1991 (126 pgs.) (parts in English or French only).

PNUE/FAO: Rapports finaux sur les projets de recherche (Activité G). MAP Technical Reports Series
No. 48. UNEP, Athens, 1991 (126 pgs.) (parties en anglais ou francais seulement).

UNEP/WHO: Biogeochemical cycles of specific pollutants. Survival of pathogens. Final reports on
research projects (Activity K). MAP Technical Reports Series No. 49. UNEP, Athens, 1991 (71 pgs.)
(parts in English or French only).

PNUE/OMS: Cycles biogéochimiques de polluants spécifiques. Survie des Pathogenes. Rapports finaux
sur les projets de recherche (activité K). MAP Technical Reports Series No. 49. UNEP, Athens, 1991
(71 pgs.) (parties en anglais ou frangais seulement).

UNEP: Bibliography on marine litter. MAP Technical Reports Series No. 50. UNEP, Athens, 1991 (62
pgs.) (English only).

UNEP/FAO: Final reports on research projects dealing with mercury, toxicity and analytical techniques.
MAP Technical Reports Series No. 51. UNEP, Athens, 1991 (166 pgs.) (parts in English or French

only).

PNUE/FAOQ: Rapports finaux sur les projets de recherche traitant du mercure, de la toxicité et des
techniques analytiques. MAP Technical Reports Series No. 51. UNEP, Athens, 1991 (166 pgs.)
(parties en anglais ou frangais seulement).

UNEP/FAO: Final reports on research projects dealing with bioaccumulation and toxicity of chemical
pollutants. MAP Technical Reports Series No. 52. UNEP, Athens, 1991 (86 pgs.) (parts in English or
French only).

PNUE/FAO: Rapports finaux sur les projets de recherche traitant de la bioaccumulation et de la toxicité
des polluants chimiques. MAP Technical Reports Series No. 52. UNEP, Athens, 1991 (86 pgs.) (parties
en anglais ou francgais seulement).

UNEP/WHO: Epidemiological studies related to environmental quality criteria for bathing waters,
shellfish-growing waters and edible marine organisms (Activity D). Final report on epidemiological study
on bathers from selected beaches in Malaga, Spain (1988-1989). MAP Technical Reports Series No. 53.
UNEP, Athens, 1991 (127 pgs.) (English only).

UNEP/WHO: Development and testing of sampling and analytical techniques for monitoring of marine
pollutants (Activity A): Final reports on selected microbiological projects. MAP Technical Reports Series
No. 54. UNEP, Athens, 1991 (83 pgs.) (English only).

UNEP/WHO: Biogeochemical cycles of specific pollutants (Activity K): Final report on project on survival
of pathogenic organisms in seawater. MAP Technical Reports Series No. 55. UNEP, Athens, 1991 (95
pgs.) (English only).



56.

57.

58.

59.

60.

61.

62.

63.

64.

90

UNEP/IOC/FAOQO: Assessment of the state of pollution of the Mediterranean Sea by persistent synthetic
materials which may float, sink or remain in suspension. MAP Technical Reports Series No. 56. UNEP,
Athens, 1991 (113 pgs.) (English and French).

PNUE/COI/FAQ: Evaluation de I'état de la pollution de la mer Méditerranée par les matieres
synthétiques persistantes qui peuvent flotter, couler ou rester en suspension. MAP Technical Reports
Series No. 56. UNEP, Athens, 1991 (113 pgs).

UNEP/WHO: Research on the toxicity, persistence, bioaccumulation, carcinogenicity and mutagenicity
of selected substances (Activity G): Final reports on projects dealing with carcinogenicity and
mutagenicity. MAP Technical Reports Series No. 57. UNEP, Athens, 1991 (59 pgs.) (English only).

UNEP/FAO/WHO/IAEA: Assessment of the state of pollution of the Mediterranean Sea by
organophosphorus compounds. MAP Technical Reports Series No. 58. UNEP, Athens, 1991 (122 pgs.)
(English and French).

PNUE/FAO/OMS/AIEA: Evaluation de I'état de la pollution de la mer Méditerranée par les composés
organophosphorés. MAP Technical Reports Series No. 58. UNEP, Athens, 1991 (122 pgs.).

UNEP/FAO/IAEA: Proceedings of the FAO/UNEP/IAEA Consultation Meeting on the Accumulation and
Transformation of Chemical contaminants by Biotic and Abiotic Processes in the Marine Environment
(La Spezia, Italy, 24-28 September 1990), edited by G.P. Gabrielides. MAP Technical Reports Series
No. 59. UNEP, Athens, 1991 (392 pgs.) (English only).

UNEP/WHO: Development and testing of sampling and analytical techniques for monitoring of marine
pollutants (Activity A): Final reports on selected microbiological projects (1987-1990). MAP Technical
Reports Series No. 60. UNEP, Athens, 1991 (76 pgs.) (parts in English or French only).

PNUE/OMS: Mise au point et essai des techniques d'échantillonnage et d'analyse pour la surveillance
continue des polluants marins (Activité A): Rapports finaux sur certains projets de nature
microbiologique (1987-1990). MAP Technical Reports Series No. 60. UNEP, Athens, 1991 (76 pgs.)
(parties en anglais ou frangais seulement).

UNEP: Integrated Planning and Management of the Mediterranean Coastal Zones. Documents produced
in the first and second stage of the Priority Action (1985-1986). MAP Technical Reports Series No. 61.
UNEP, Priority Actions Programme, Regional Activity Centre, Split, 1991 (437 pgs.) (parts in English or
French only).

PNUE: Planification intégrée et gestion des zones cétieres méditerranéennes. Textes rédigés au cours
de la premiére et de la deuxiéme phase de l'action prioritaire (1985-1986). MAP Technical Reports
Series No. 61. UNEP, Priority Actions Programme, Regional Activity Centre, Split, 1991 (437 pgs.)
(parties en anglais ou frangais seulement).

UNEP/IAEA: Assessment of the State of Pollution of the Mediterranean Sea by Radioactive

Substances. MAP Technical Reports Series No. 62, UNEP, Athens, 1992 (133 pgs.) (English and
French).

PNUE/AIEA: Evaluation de I'état de la pollution de la mer Méditerranée par les substances radioactives.
MAP Technical Reports Series No. 62, UNEP, Athens, 1992 (133 pgs.).

PNUE/OMS: Cycles biogéochimiques de polluants spécifiques (Activité K) - Survie des pathogénes -
Rapports finaux sur les projets de recherche (1989-1991). MAP Technical Reports Series No. 63,
UNEP, Athens, 1992 (86 pgs.) (francais seulement).

UNEP/WMO: Airborne Pollution of the Mediterranean Sea. Report and Proceedings of the Second
WMO/UNEP Workshop. MAP Technical Reports Series No. 64, UNEP, Athens, 1992 (246 pgs.)
(English only).



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

91

UNEP: Directory of Mediterranean Marine Environmental Centres. MAP Technical Reports Series No.
65, UNEP, Athens, 1992 (351 pgs.) (English and French).

PNUE: Répertoire des centres relatifs au milieu marin en Méditerranée. MAP Technical Reports Series
No. 65, UNEP, Athens, 1992 (351 pgs.).

UNEP/CRU: Regional Changes in Climate in the Mediterranean Basin Due to Global Greenhouse Gas
Warming. MAP Technical Reports Series No. 66, UNEP, Athens, 1992 (172 pgs.) (English only).

UNEP/IOC: Applicability of Remote Sensing for Survey of Water Quality Parameters in the
Mediterranean. Final Report of the Research Project. MAP Technical Reports Series No. 67, UNEP,
Athens, 1992 (142 pgs.) (English only).

UNEP/FAOQO/IOC: Evaluation of the Training Workshops on the Statistical Treatment and Interpretation of
Marine Community Data. MAP Technical Reports Series No. 68. UNEP, Athens, 1992 (221 pgs.)
(English only).

UNEP/FAO/IOC: Proceedings of the FAO/UNEP/IOC Workshop on the Biological Effects of Pollutants

on Marine Organisms (Malta, 10-14 September 1991), edited by G.P. Gabrielides. MAP Technical
Reports Series No. 69. UNEP, Athens, 1992 (287 pgs.) (English only).

UNEP/IAEA/IOC/FAOQO: Organohalogen Compounds in the Marine Environment: A Review. MAP
Technical Reports Series No. 70. UNEP, Athens, 1992 (49 pgs.) (English only).

UNEP/FAO/IOC: Selected techniques for monitoring biological effects of pollutants in marine organisms.
MAP Technical Reports Series No. 71. UNEP, Athens, 1993 (189 pgs.) (English only).

UNEP: Costs and Benefits of Measures for the Reduction of Degradation of the Environment from Land-
based Sources of Pollution in Coastal Areas. A - Case Study of the Bay of Izmir. B - Case Study of the
Island of Rhodes. MAP Technical Reports Series No. 72. UNEP, Athens, 1993 (64 pgs.) (English only).

UNEP/FAO: Final Reports on Research Projects Dealing with the Effects of Pollutants on Marine
Communities and Organisms. MAP Technical Reports Series No. 73. UNEP, Athens, 1993 (186 pgs.)
(English and French).

PNUE/FAO: Rapports finaux sur les projets de recherche traitant des effets de polluants sur les
communautés et les organismes marins. MAP Technical Reports Series No. 73. UNEP, Athens, 1993
(186 pgs.).

UNEP/FIS: Report of the Training Workshop on Aspects of Marine Documentation in the Mediterranean.
MAP Technical Reports Series No. 74. UNEP, Athens, 1993 (38 pgs.) (English only).

UNEP/WHO: Development and Testing of Sampling and Analytical Techniques for Monitoring of Marine
Pollutants (Activity A). MAP Technical Reports Series No. 75. UNEP, Athens, 1993 (90 pgs.) (English
only).

UNEP/WHO: Biogeochemical Cycles of Specific Pollutants (Activity K): Survival of Pathogens. MAP
Technical Reports Series No. 76. UNEP, Athens, 1993 (68 pgs.) (English and French).

PNUE/OMS: Cycles biogeochimiques de polluants spécifiques (Activité K): Survie des pathogenes.
MAP Technical Reports Series No. 76. UNEP, Athens, 1993 (68 pgs.).

UNEP/FAO/IAEA: Designing of monitoring programmes and management of data concerning chemical
contaminants in marine organisms. MAP Technical Reports Series No. 77. UNEP, Athens, 1993 (236
pgs.) (English only).

UNEP/FAQ: Final reports on research projects dealing with eutrophication problems. MAP Technical
Reports Series No. 78. UNEP, Athens, 1994 (139 pgs.) (English only).



79.

80.

8l

82.

83.

84.

85.

86.

87.

88.

89.

90.

9l

92.

92

UNEP/FAO: Final reports on research projects dealing with toxicity of pollutants on marine organisms.
MAP Technical Reports Series No. 79. UNEP, Athens, 1994 (135 pgs.) (parts in English or French

only).

PNUE/FAOQ: Rapports finaux sur les projets de recherche traitant de la toxicité des polluants sur les
organismes marins. MAP Technical Reports Series No. 79. UNEP, Athens, 1994 (135 pgs.) (parties en
anglais ou francgais seulement).

UNEP/FAO: Final reports on research projects dealing with the effects of pollutants on marine
organisms and communities. MAP Technical Reports Series No. 80. UNEP, Athens, 1994 (123 pgs.)
(English only).

UNEP/IAEA: Data quality review for MED POL: Nineteen years of progress. MAP Technical Reports
Series No. 81. UNEP, Athens, 1994 (79 pgs.) (English only).

UNEP/IUCN: Technical report on the State of Cetaceans in the Mediterranean. MAP Technical Reports
Series No. 82. UNEP, Regional Activity Centre for Specially Protected Areas, Tunis, 1994 (37 pgs.)
(English only).

PNUE/UICN: Les aires protégées en Méditerranée. Essai d'étude analytique de la législation pertinente.
MAP Technical Reports Series No. 83. PNUE, Centre d'activités régionales pour les aires spécialement
protégées, Tunis, 1994 (55 pgs) (francais seulement).

UNEP: Integrated Management Study for the Area of Izmir. MAP Technical Reports Series No. 84,
UNEP, Regional Activity Centre for Priority Actions Programme, Split, 1994 (130 pgs.) (English only).

UNEP/WMO: Assessment of Airborne Pollution of the Mediterranean Sea by Sulphur and Nitrogen
Compounds and Heavy Metals in 1991. MAP Technical Report Series No. 85, Athens, 1994 (304 pgs.)
(English only).

UNEP: Monitoring Programme of the Eastern Adriatic Coastal Area - Report for 1983-1991. MAP
Technical Report Series No. 86, Athens, 1994 (311 pgs.) (English only).

UNEP/WHO: Identification of microbiological components and measurement development and testing of
methodologies of specified contaminants (Area 1) - Final reports on selected microbiological projects.
MAP Technical Reports Series No. 87, UNEP, Athens, 1994 (136 pgs.) (English only).

UNEP: Proceedings of the Seminar on Mediterranean Prospective. MAP Technical Reports Series No.
88, UNEP, Blue Plan Regional Activity Centre, Sophia Antipolis, 1994 (176 pgs.) (parts in English or
French only).

PNUE: Actes du Séminaire débat sur la prospective méditerranéenne. MAP Technical Reports Series
No. 88, UNEP, Blue Plan Regional Activity Centre, Sophia Antipolis, 1994 (176 pgs.) (parties en anglais
ou francais seulement).

UNEP: Iskenderun Bay Project. Volume I. Environmental Management within the Context of
Environment-Development. MAP Technical Reports Series No. 89, UNEP, Blue Plan Regional Activity
Centre, Sophia Antipolis, 1994 (144 pgs.) (English only).

UNEP: Iskenderun Bay Project. Volume Il. Systemic and Prospective Analysis. MAP Technical Report
Series No. 90, Sophia Antipolis, 1994 (142 pgs.) (parts in English or French only).

PNUE: Projet de la Baie d'Iskenderun. Volume II. Analyse systémique et prospective. MAP Technical
Reports Series No. 90, UNEP, Sophia Antipolis, 1994 (142 pgs.) (parties en anglais ou francais
seulement).

PNUE: Une contribution de I'écologie a la prospective. Problémes et acquis. MAP Technical Reports
Series No. 91, Sophia Antipolis, 1994 (162 pgs.) (francais seulement).

UNEP/WHO: Assessment of the State of Pollution in the Mediterranean Sea by Carcinogenic,
Mutagenic and Teratogenic Substances. MAP Technical Reports Series No. 92, UNEP, Athens, 1995
(238 pgs.) (English only).



93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

93

UNEP/WHO: Epidemiological studies related to the environmental quality criteria for bathing waters,
shellfish-growing waters and edible marine organisms. MAP Technical Reports Series No. 93, UNEP,
Athens, 1995 (118 pgs.) (English only).

UNEP: Proceedings of the Workshop on Application of Integrated Approach to Development,
Management and Use of Water Resources. MAP Technical Reports Series No. 94, UNEP, Athens,
1995 (214 pgs.) (parts in English or French only).

PNUE: Actes de I'Atelier sur I'application d'une approche intégrée au développement, a la gestion et a
l'utilisation des ressources en eau. MAP Technical Reports Series No. 94, UNEP, Athens, 1995 (214
pgs.) (parties en anglais ou frangais seulement).

UNEP: Common measures for the control of pollution adopted by the Contracting Parties to the
Convention for the Protection of the Mediterranean Sea against Pollution. MAP Technical Reports Series
No 95, UNEP, Athens, 1995 (69 pgs.) (English and French).

PNUE: Mesures communes de lutte contre la pollution adoptées par les Parties contractantes a la
Convention pour la protection de la mer Méditerranée contre la pollution. MAP Technical Reports Series
No. 95, UNEP, Athens, 1995 (69 pgs.).

UNEP/FAOQ: Final reports of research projects on effects (Research Area lll) - Pollution effects on
plankton composition and spatial distribution, near the sewage outfall of Athens (Saronikos Gulf,
Greece). MAP Technical Reports Series No. 96, UNEP, Athens, 1996 (121 pgs.) (English only).

UNEP/FAOQ: Final reports of research projects on effects (Research Area lll) - Pollution effects on marine
communities. MAP Technical Reports Series No. 97, UNEP, Athens, 1996 (141 pgs.) (English and
French).

PNUE/FAO: Rapports finaux des projets de recherche sur les effets (Domaine de recherche Ill) -Effets
de la pollution sur les communautés marines. MAP Technical Reports Series No. 97, UNEP, Athens,
1996 (141 pgs.).

UNEP: Implications of Climate Change for the Albanian Coast. MAP Technical Reports Series No. 98,
UNEP, Athens, 1996 (179 pgs.) (English only).

UNEP: Implications of Climate Change for the Sfax Coastal Area (Tunisia). MAP Technical Reports
Series No. 99, UNEP, Athens, 1996 (326 pgs.) (English and French).

PNUE: Implications des changements climatiques sur la zone cotiere de Sfax. MAP Technical Reports
Series No. 99, UNEP, Athens, 1996 (326 pgs.).

UNEP: State of the Marine and Coastal Environment in the Mediterranean Region. MAP Technical
Reports Series No. 100, UNEP, Athens, 1996 (142 pgs.) (English only).

PNUE: Etat du milieu marin et du littoral de la région méditerranéenne. MAP Technical Reports Series
No. 101, UNEP, Athens, 1996 (148 pgs.) (francais seulement).

UNEP: Implications of Climate Change for the Coastal Area of Fuka-Matrouh (Egypt). MAP Technical
Reports Series No. 102, UNEP, Athens, 1996 (238 pgs.) (English only).

UNEP/FAO: Final reports on research projects dealing with biological effects (Research Area Ill). MAP
Technical Reports Series No. 103, UNEP, Athens, 1996 (128 pgs.) (English and French).

PNUE/FAO: Rapports finaux sur les projets de recherche relatifs aux effets biologiques (Domaine de
Recherche 1ll). MAP Technical Reports Series No. 103, UNEP, Athens, 1996 (128 pgs.).



104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

94

UNEP/FAOQO: Final reports on research projects dealing with eutrophication and heavy metal
accumulation. MAP Technical Reports Series No. 104, UNEP, Athens, 1996 (156 pgs.) (English and
French).

PNUE/FAO: Rapports finaux sur les projets de recherche relatifs a I'eutrophisation et a I'accumulation
des métaux lourds. MAP Technical Reports Series No. 104, UNEP, Athens, 1996 (156 pgs.).

UNEP/FAO/WHO: Assessment of the state of pollution of the Mediterranean sea by zinc, copper and
their compounds. MAP Technical Reports Series No. 105, UNEP, Athens, 1996 (288 pgs.) (English and
French).

PNUE/FAO/OMS: Evaluation de I'état de la pollution de la mer Méditerranée par le zinc, le cuivre et
leurs composés. MAP Technical Reports Series No. 105, UNEP, Athens, 1996 (288 pgs.).

UNEP/FAO/WHO: Assessment of the state of eutrophication in the Mediterranean sea. MAP Technical
Reports Series No. 106, UNEP, Athens, 1996 (456 pgs.) (English and French).

PNUE/FAO/OMS: Evaluation de I'état de I'eutrophisation en mer Méditerranée. MAP Technical Reports
Series No. 106, UNEP, Athens, 1996 (456 pgs.).

UNEP/WHO: Guidelines for authorization for the discharge of liquid wastes into the Mediterranean Sea.
MAP Technical Reports Series No. 107, UNEP, Athens, 1996 (200 pgs.) (English and French).

PNUE/OMS: Lignes directrices concernant les autorisations de rejet de déchets liquides en mer
Méditerranée. MAP Technical Reports Series No. 107, UNEP, Athens, 1996 (200 pgs.).

UNEP/WHO: Assessment of the state of microbiological pollution of the Mediterranean Sea. MAP
Technical Reports Series No. 108, UNEP, Athens, 1996 (270 pgs.) (English and French).

PNUE/OMS: Evaluation de I'état de la pollution microbiologique de la mer Méditerranée. MAP Technical
Reports Series No. 108, UNEP, Athens, 1996 (270 pgs.).

UNEP/WHO: Survey of pollutants from land-based sources in the Mediterranean. MAP Technical
Reports Series No. 109, UNEP, Athens, 1996 (188 pgs.) (English and French).

PNUE/OMS: Evaluation de I'enquéte sur les polluants d’origine tellurique en Méditerranée (MED X BIS).
MAP Technical Reports Series No. 109, UNEP, Athens, 1996 (188 pgs.).

UNEP/WHO: Assessment of the state of pollution of the Mediterranean Sea by anionic detergents.
MAP Technical Reports Series No. 110, UNEP, Athens, 1996 (260 pgs.) (English and French).

PNUE/OMS: Evaluation de I'état de la pollution de la mer Méditerranée par les détergents anioniques.
MAP Technical Reports Series No. 110, UNEP, Athens, 1996 (260 pgs.).

UNEP/WHO: Guidelines for treatment of effluents prior to discharge into the Mediterranean Sea. MAP
Technical Reports Series No. 111, UNEP, Athens, 1996 (247 pgs.) (English only).

UNEP/WHO: Guidelines for submarine outfall structures for Mediterranean small and medium-sized
coastal communities. MAP Technical Reports Series No. 112, UNEP, Athens, 1996 (98 pgs.) (English
and French).

PNUE/OMS: Lignes directrices pour les émissaires de collectivités cotieres de petite et moyenne taille
en Méditerranée. MAP Technical Reports Series No. 112, UNEP, Athens, 1996 (98 pgs.).

UNEP/IOC: Final reports of research projects on transport and dispersion (Research Area Il) - Modelling
of eutrophication and algal blooms in the Thermaikos Gulf (Greece) and along the Emilia Romagna
Coast (Italy). MAP Technical Reports Series No. 113, UNEP, Athens, 1996 (118 pgs.) (English only).



114.

115.

116.

117.

95

UNEP: Workshop on policies for sustainable development of Mediterranean coastal areas, Santorini
island, 26-27 April 1996. Presentation by a group of experts. MAP Technical Reports Series No. 114,
UNEP, Athens, 1996 (184 pgs.) (parts in English or French only).

PNUE: Journées d'étude sur les politiques de développement durable des zones cotiéres
méditerranéennes, lle de Santorin, 26-27 avril 1996. Communications par un groupe d’experts. MAP
Technical Reports Series No. 114, UNEP, Athens, 1996 (184 pgs.) (parties en anglais ou frangais
seulement).

Methodes et outils pour les etudes systemiques et prospectives en Méditerranée, PB/RAC, Sophia
Antipolis, 1996. MAP Technical Reports Series No. 115, UNEP/BP, Athens, 1996 (117 pgs.) (frangais
seulement).

UNEP/IAEA: Data Quality Review for MED POL (1994-1995), Evaluation of the analytical performance of
MED POL laboratories during 1994-1995 in IAEA/UNEP laboratory performance studies for the
determination of trace elements and trace organic contaminents in marine biological and sediment
samples. MAP Technical Reports Series No. 116, UNEP, Athens, 1997 (126 pgs.) (English only).

UNEP: La Convention de Barcelone pour la protection de la mer Méditerranée contre la pollution et le
développement durable. MAP Technical Reports Series No. 117, UNEP, Athens, 1997 (97 pgs.)
(francais seulement).



V)
@ “' V, Issued and printed by
| Y
RN Y7
UNEP Mediterranean Action Plan

United Nations Environment Programme

Adgditional copies of this and other publications issued by
the Mediterranean Action Plan of UNEP can be obtained from:

Coordinating Unit for the Mediterranean Action Plan
United Nations Environment Programme

Leoforos Vassileos Konstantinou, 48

P.C.Box 18019

116130 Athens

GREECE

TP e
\(7 A ;}, Publié et imprimé par:
\\ L2

——rC
PNUE Pian d'action pour la Méditerrange

Pragramme des Nations Unies pour I'Environnement

Des exemplarres de ce document ainsi que d'autres
publications du Plan d'action pour la Méditerranée
du PNUE peuvent étre obtenus de:

Unité de coordination du Plan d'achion pour la Méditerranée
Programime des Nations Unies pour I'Environnement
Leoforos Vassileos Konstantinou, 48

B.P. 18019

11610 Athénes

GRECE



