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Summary

A — General purpose

The present report is based on a data collection on Mediterranean rivers that
has been started in 1997 and updated in 2002. It focuses on the riverine transport of
water, sediments, and pollutants to the Mediterranean Sea. The major objectives
were (i) to dress a detailed picture of the spatial variability of the pollution state in
comparison with other world rivers, and (ii) to reconstruct the evolution of water
quality during the recent decades. As far as possible, budgets should be given
allowing the identification of the major sources of the riverine matter in terms of
regions and countries, as well as the identification of the relative contribution of the
riverine inputs to the different Mediterranean sub-basins.

The report is organised in seven major chapters. After (i) a general
introduction to the hydroclimatic, morphological and socio-economical particularities
of the Mediterranean drainage basin, the following chapters deal with (ii) the water
and (iii) sediment fluxes, (iv) the organic matter pollution, (v) the nutrient fluxes, (vi)
the heavy metal pollution and finally pesticides and persistent organic chemicals. For
all of these topics, a great number of data on different Mediterranean rivers are
presented and discussed in detail. More than 70 rivers were included in this report.
However, the spatial distribution of these rivers is not entirely representative for the
Mediterranean area, since the data availability is biased towards the rivers of the
northern countries. In general, the data availability is sufficient for the French, Italian,
Spanish and Greek rivers, whereas the data are less abundant, for example, for the
Croatian, Albanian, Turkish and/ or North-African rivers.

The most complete data records can be found for the large northern rivers,
which are the Po, Rhone and Ebro rivers. For many of the investigated parameters,
we present data records covering the last 30 years, allowing the tracking of the their
temporal evolution and the identification of most recent trends. These trends could
often be confirmed by the data on other rivers, indicating that these trends may be
extrapolated to larger scales. The pollution state of rivers can evolve rapidly and an
assessment cannot be done without mentioning the corresponding reference period.
Trend analyses therefore took an important place in our study.

B — Major findings

Mediterranean particularities - An assessment of the environmental state of
the rivers in the Mediterranean area cannot be understood without taking into
account the particularities of this region. This concerns mainly the strong variability of
the water discharge, and the strong anthropogenic pressure on the water resources.
The first point is important because of the often extreme draughts in summer,
average pollution loads may more easily cause environmental damage than in rivers
of other climates with a more regular water flow. Regular monitoring of water quality
is also more difficult under these conditions because it requires higher sampling
frequencies. The second point translates the fact that the rivers are highly affected by
artificial river damming and anthropogenic water extraction. In the Ebro River alone,
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more that 180 reservoirs have been constructed. It is evident that this can have a
strong impact on the natural functioning of the river systems, and may increase their
vulnerability for environmental harm.

Water discharge — Water discharge plays a key role in the transport of riverine
matter to the sea. Even if the average concentrations of different pollutants can be
determined with reasonably good precision, flux estimates can only be as good as
the estimates for the corresponding water discharges. We reconstructed the
evolution of riverine runoff to the Mediterranean up to the beginning of the last
century in order to evidence the major changes that may have occurred. It is
probably for the first time that water riverine budgets for the entire Mediterranean Sea
have been determined with such detail. It can be shown that there occurred a
continuous decrease in water discharge because of both climate change and
anthropogenic water use. Actual water discharge to the entire Mediterranean Sea
was estimated to about 330 km®/yr, which is only 55% of what it has been at the
beginning of the 20" century. The decrease especially accentuated after the 1970s,
with strongest reductions in the Alboran and Aegean Sea. Only for the Rhone and
the Po rivers, the two largest river basins, the average runoff seems to remain at
constant levels, which means that their relative importance in the overall water supply
to the Mediterranean Sea may have considerably increased.

Sediment fluxes — Sediment fluxes are the second key parameter controlling
the riverine transfer of terrestrial matter to the sea. Because of the strong seasonality
of climate, the presence of elevated mountain ranges, the wide dominance of
younger, softer rocks, and a long history of human activity, Mediterranean rivers tend
to have very high values of natural sediment fluxes. We estimate that the natural
sediment supply to the Mediterranean Sea may have been in the range of 730 Mt/yr,
corresponding to average sediment yield of about 580 t/km?/yr. Because of the
massive constructions of reservoirs, however, the actual sediment flux may be less
than 200 Mt/yr. These figures are based on general extrapolations and they are
associated with considerable uncertainty. Their refinement would require the
development of sophisticated modelling tools, which is beyond the scope of this
study. A major problem in the evaluation of sediment fluxes is the extreme temporal
variability of the fluxes in the Mediterranean climate. The sampling frequency of
classical monitoring programs on water quality does not allow the determination of
reliable sediment fluxes, which also means that the evaluation of the fluxes of
particulate pollutants is not possible unless this is changed.

Organic and bacteriological pollution — Organic pollution seems to be a greater
problem in the rivers of the Mediterranean countries than in the rivers of the northern
European countries. It is normally related to effluents from point sources such as
household or industry wastewater. Also bacterial pollution is often originating from
the same sources, although wastewater from agriculture may also be a major source
for this pollution type. The extent to which these wastewaters are discharged into
surface waters naturally depends on the wastewater treatment facilities available.
Sewage plants are expensive, and money is more seriously missing in the southern
than in the northern countries. Nevertheless, also in southern Europe, the treatment
of municipal and industrial wastewater has significantly improved during the past 10
to 15 years, even if this evolution was less rapid than in the north European
countries. Good examples are the Rhone and the Po rivers, where the BOD loads
depict a three to fivefold reduction over the 1980 -1990 period, respectively. In the
Ebro River, however, the loads rather tend to increase towards recent years, showing
that wastewater treatment is not improved everywhere to the same extent.
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However, the contributions of organic rich wastewater loads do not necessarily
lead to elevated organic matter contents in the Mediterranean rivers. Dissolved
organic carbon (DOC) concentrations are quite low compared to other world rivers,
which can be explained by the steep morphologies, the often-low drainage intensities
and the carbon poor soils in the Mediterranean area. DOC largely reflects the organic
compounds origination from the leaching of soil organic matter, which are chemically
rather inert and which are not necessarily available for rapid biological decomposition
in the river waters.

Nutrients — In our assessment on nutrients, we mainly focussed on the levels
of dissolved nitrate, dissolved phosphate and total phosphorous. The latter can
strongly be controlled by the fluxes of particulate matter, for which the data
availability is often insufficient to determine reliable averages. We normally assumed
that the evolution of total phosphorous entirely followed the evolution of phosphate,
although this has, of course, not necessarily to be the case.

In general, nutrient pollution is moderate in the Mediterranean rivers compared
to the rivers of northwestern Europe and/ or North America, reflecting the general
land use practises and population densities in the Mediterranean countries. Fertiliser
application, for example, is less intense in the south than in the north. This is true for
all nutrient forms, but spatially the patterns of nitrogen and phosphorous pollution do
not closely match, since both nutrients do not have the same origins. Nitrate loads
are normally dominated by diffuse pollution from agricultural sources, whereas
phosphorous compounds depend more closely upon point sources, mainly municipal
sewage discharge. As a consequence, highest nitrate concentrations are found in
rivers characterised by intense agricultural land use in the drainage basins, such as
the Po River in Italy. Highest phosphate levels are typical for the rivers suffering from
pollution due to urban wastewater inputs, such as the Besos River in Spain who
receives the municipal effluents of Barcelona.

Also the temporal evolutions of the nitrate and phosphate loads in the
Mediterranean rivers are different. For nitrate, the overall riverine input to the
Mediterranean Sea increased continuously. It may almost have doubled from about
330 ktN/yr for <1975 to about 600 ktN/yr for >1995, even if during most recent years,
the increase seems to slow down. Also phosphate loads strongly increased from
about 15 ktP/yr for <1975 to about 40 ktP/yr for 1985-1990, but then dropped down to
about the initial values as a result of the widely applied ban of phosphorous
detergents and the general improvement of wastewater treatment facilities. The start
of this decrease is not uniform in the different rivers, but the improvement is a
widespread phenomenon.

Heavy metals — Because of the strong affinity of heavy metals to the solid
phases in river water, the pollution state can be assessed best when looking at the
heavy metal concentrations in the total suspended solids (in mg/kg). Our values
witness a general impact of pollution in the Mediterranean rivers, especially for Hg,
Cd, and Pb. However, when compared to the levels in the Seine or the Rhine rivers,
one notes that the heavy metal concentrations are often two or three times lower in
the Mediterranean rivers. Pollution is therefore less important compared to the river
basins in north-western Europe, in agreement with the lower industrial development
in the Mediterranean countries. It is also possible that, because of the high natural
sediment yields (see above), dilution of urban and industrial sources by high levels of
suspended solids may also contribute to the lower heavy metal contents.



Trends for the temporal evolution of the pollution levels are difficult to establish
for heavy metals because of the lack of high quality data. Many monitoring programs
only measure total metals without filtering the samples, although the utility of this
information is restricted. On the other hand, one has to point out that the
contamination problem is still a major problem for the analysis of heavy metals.

C — Recommendations

| - A permanent register of river quality data should be set up for rivers
discharging to the Mediterranean Sea, as this already exists for European rivers
(EEA - Eurowaternet) or at the global scale (GEMS-water). Such a register should
especially focus on the integration of rivers from the countries for which actually only
little information is available. This mainly concerns the rivers of the North-African
countries, such as the Nile River, Turkish rivers, and the rivers of Croatia and
Albania. Simple socio-economical attributes related to the land use and the water
management practises (population density, industrial indices, wastewater treatment
facilities, major reservoirs, etc.) should be associated to the water quality data. As far
as possible, the analytical protocols should be standardised.

I — The monitoring programs should be specifically adapted to the
hydrological regimes in the Mediterranean climate. The variability of water discharge
is much higher in the Mediterranean rivers than for most other world rivers, which
may cause problems for the calculation of representative pollution loads when only a
few measurements are available. But the major problem naturally concerns the
determination of reliable fluxes for total suspended solids. AlImost all of the transport
occurs during often brief and violent floods, which are difficult to be monitored by
classical sampling. The calculation of reliable fluxes seems to be almost impossible
unless automatic sampling and/ or other automatic monitoring devices have been
installed. This is important because many pollutants in rivers are rather associated to
the particulate than to the dissolved phases. Without knowing the corresponding
sediment fluxes, it is very difficult to estimate, for example, average loads for total
phosphorous and/ or heavy metals.

Il — In the Mediterranean region there still exists a certain number of rivers
that are only weakly polluted. It seems to be urgent to identify the few small river
basins that are still in a near-pristine state in order to ensure the conservation of
these typical Mediterranean rivers. The Krka and Neretva in Croatia, and/or the Var,
Argens or Tavignano in France are examples for such basins. The protection of
these rivers not only represents a public interest in terms of environmental resources,
but also from a scientific standpoint, since studying these rivers may help to assess
the impact of climate change and other global phenomenon on the natural
functioning of river drainage basins.



Chapter | - Particularities of the Mediterranean basin

1.1 - Geography and Climate

The Mediterranean Sea covers about 2.5 million kmz, with an average water
depth of about 1.5 km. It is commonly divided in ten sub-basins, which are shown in
figure 1.1 and listed in table 1.1. The length of the Mediterranean coastline totals
about 46 000 km, of which 19 000 km represent islands coastlines (Selenica,
unpubl.). The entire coastal region covers an area of nearly 1.5 million km?, 17% of
the total area of the bordering countries: Spain, France, Monaco, Italy, Slovenia,
Croatia, Bosnia, Serbia and Montenegro, Albania, Greece, Turkey, Cyprus, Syria,
Lebanon, Palestinian Territories, Israel, Egypt, Libya, Malta, Tunisia, Algeria, and
Morocco.

§

T T T T T T T T[T T T T T T T T T[T T T TTTTT]
: i :
B < :
/ & \‘
" 1 .
i 3
4 =
' s ]

60

)

50

T A T

40

30

N
(@]

Fig. 1.1 - Major sub-basins of the Mediterranean Sea. The dashed lines show the drainage basins of the western
basin, the eastern basin, and the Black Sea, respectively. For abbreviations, see table 1.1

Climatically, the Mediterranean is characterised by generally warm
temperatures, winter-dominated rainfall, dry summers and a profusion of
microclimates due to local environmental conditions. Mean annual temperature
follows a marked north to south gradient to which local orographic effects are
superimposed (fig. 1.2a). Lowest temperatures of <5 °C can be found in the higher
parts of the Alps, whereas temperatures of >20 °C are typical for Libya or Egypt. Also
mean annual precipitation shows a north to south gradient, with decreasing values
towards the south. But orography is naturally the dominant factor here (fig. 1.2b).
High precipitation values of 1500-2000 mm and more are found in the alpine and
Pyrenean headwater regions of the Po, the Rhone and the Ebro rivers, and they are
very abundant in the alpine mountain belt bordering the Dalmatian coast, from the
Istrian peninsula down to Albania. This makes these countries to the most humid
countries of the Mediterranean area.



The strong summer-winter rainfall contrast is one of the major characteristics
of the Mediterranean climate. This contrast is more and more pronounced when
going from the north to the south and from the west to the east (fig. 1.2c and 1.3a-d).
Precipitation mainly falls during winter and autumn (fig. 1.3a, d) whereas summer is
very dry. Often, less than 10% of the annual precipitation falls during this period (fig.
1.3c). This contrasts starkly with the continental climate in the drainage basin of the
Black Sea, where most of the precipitation occurs during summer. During spring, the
rainfall contribution to the mean annual precipitation is quite homogenous in the
entire Mediterranean region (fig. 1.3b). High precipitation during autumn is typical for
the coasts of Spain, France, Italy, Croatia, Serbia and Montenegro, Albania and
Greece. Further east, such as in Turkey and in Lebanon, autumn precipitation is
much less important. By far most of the rainfall occurs here in winter.

Table 1.1 - Major sub-basin of the Mediterranean Sea

Basin Code Bordering countries
Alboran ALB Spain, Morocco, Algeria
North-Western NWE Spain, France, Monaco, Italy
South-Western SWE Spain, Italy, Algeria, Tunisia

Tyrrhenian TYR Italy, France, Tunisia
Adriatic ADR Italy, Croatia, Albanian
lonian ION Italy, Albanian, Greece
Central CEN Italy, Tunisia, Libya, Malta
Aegean AEG Greece, Turkey
North-Levantine NLE Turkey, Cyprus, Syria, Lebanon
South-Levantine SLE Lebanon, Israel, Egypt, Libya

In certain regions, precipitation especially in autumn can occur in the form of
heavy downpours, leading to violent flash floods in the rivers of these regions. The
prevalent zones for flash floods are the Céte d’Azur, east Pyrenees, Cevennes and
Corsica in France, the northwestern areas of Italy, and Catalonia and Valencia in
Spain (Estrela et al., 2001).

One result of the seasonal rainfall and high evaporation is that water
shortages are endemic. The problem is particularly striking in the southern parts of
the Mediterranean in contrast to seasonal shortages in the north (corresponding to
the dry months). The dry season in some southern countries exceeds six months,
meaning that water shortage is a permanent handicap for sociological and economic
development.
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Fig. 1.2a-d - Climatic patterns of the Mediterranean and Black Sea drainage basins. A - Mean annual
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(Korzoun et al., 1977).
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1.2 - Population and Development

In 2000 the countries bordering the Mediterranean Sea had a combined
population of about 430 million people (tab. 1.2). A considerable part of them live
directly in the coastal zone. Especially in the southern countries, population densities
are much greater in coastal than in non-coastal areas. Coastal population densities
range from more than 1000/km? in the Nile Delta to less than 20/km? along coastal
Libya (fig. 1.4). According to some projections, the population in the Mediterranean is
expected to reach about 520 million in 2025 (Attané and Courbage, 2001).
Increasingly the population will urbanise and it is expected that by the year 2025
about 75% of the population will be urban. The economic and environmental burden
on cities, therefore, will increase substantially.

Table 1.2 - Population density and development in the Mediterranean countries (from Attané and
Courbage, 2001)

POPULATION DENSITY

COUNTRY AREA 2000 2025 Trend  Total * Med/
Tot
(km?) (Thousand (%)  (inhab./
inhabitants) km?)

SPAIN 504 783 39 815 40 769 +2.4 78 213
FRANCE 547 026 59 412 64 177 +8.0 103 1.20
ITALY 301 277 57 456 53 925 -6.1 190 1.04
MALTA 316 389 430  +105 1145 1.00
MONACO 2 34 41 +20.6 15000 1.00
SLOVENIA 20 251 1 965 2029 +3.3 100  0.57
CROATIA 56 538 4473 4193 -6.3 87  0.68
BOSNIA- 51 129 3972 4 324 +8.9 87 058
HERZEGOVINA
SERBIA- 102 000 10 856 12217  +125 104  0.55
MONTENEGRO
ALBANIA 28 748 3114 3820 +227 113 1.29
GREECE 131 944 10 558 10 393 -1.6 78 1.18
TURKEY 779 452 65 627 87303  +33.0 72 1.28
CYPRUS 9 251 54 1.00
SYRIA 185 180 15 936 24003  +506 77 423
LEBANON 10 230 3206 4147  +294 293 1.88
ISRAEL 20 770 5 851 7 861 +34.4 263 298
PALESTINIAN 6 165 3150 6072  +92.8 365  6.33
AUTHORITY
EGYPT 997 739 66 007 94895  +438 59  3.54
LIBYA 1 759 500 6 038 8832  +46.3 3 828
TUNISIA 154 530 9615 12892  +34.1 57 237
ALGERIA 2381 741 30 332 42329  +39.6 10 22.21
MOROCCO 710 850 28 505 38174  +339 37 239
TOTAL 8759422 426311 522826

* ratio of the population density on the Mediterranean part of the country over the
population density in the entire country
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Population growth, however, shows major differences between north and
south. The European countries have nearly stable population (tab. 1.2). In contrast,
population growth in southern countries ranges from 2 to 3% per year. As a result the
population in the coming years will increase and became younger in the south. With
this shift will come increasing problems concerning education and job-creation in
southern countries. The wide variation in political and economic systems as well as
historic differences have led to great discrepancies in the level of development
between Mediterranean countries. The highly developed industrial countries in the
north (France, Italy and Spain) and countries on the way to become industrialised
(Greece, Serbia and Montenegro and Turkey) stand in stark contrast to the countries
in the south.

1.3 - Resources

Mediterranean countries mostly lack natural resources. Libya, Algeria and
Egypt are considered moderate-sized petroleum producers, Morocco is the world's
third-largest producer of phosphates, Albania the third largest producer of chrome,
and Spain the second largest producer of mercury (Selenica, unpubl.). Water
resources are relatively plentiful in the North but scarce in the south. Forests have
limited economic significance, but are important for the preservation of soil as for
recreation and landscape.

Mediterranean agriculture is characterised by multi-faceted crops, particularly
olives, citrus fruits, grapes and hard grain; the main livestock is sheep. Increasingly,
irrigation is needed in the south to maintain or increase crop production. While
coastal regions tend to have little agricultural land, it often is of high quality,
particularly around delta areas. However, Mediterranean agriculture is also
characterised by long-term misuse and overexploitation. In part this is due to
generally poor soils, lack of rain and the increasing population pressure (particularly
in the south).

In recent years, efficient farming and growing urbanisation in the north has
lead to increased abandonment of farmland and rangeland and the corresponding
advance of forests. This contrast strongly in the South and east where marginal
areas, such as arid steppes and rangelands, are being cleared for grain production;
unfortunately, the lack of water resources and especially continually flowing rivers
has restricted the use of irrigation. One result has been the increased desertification
in North Africa and the Near East. Given the trends of the past 40 years, in the near
future virtually all tillable land in the southern and eastern part of the Mediterranean
basin will be cultivated for cereal production, even through the risk will be high and
the yields low.

Although alluvial and coastal plains are few and not extensive (the Nile Delta
being far the largest) most coastal plains have demographic and economic
importance ranging from agriculture to industry/ commerce to recreation to
historical/archeological significance. Most areas still contain partly to little-modified
natural ecosystems of irreplaceable value. Because of their ecological fragility,
related to the land-use transition, and their economic importance, these coastal
lowlands are particularly vulnerable to climatic changes that can affect hydrology,
sea-level rise and ecosystems. Anthropogenic activities can also affect these areas
because of pollution and sediments flows from upstream catchments.
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Finally, it should be pointed out that because of both climate and
historical/archeological significance, the Mediterranean continues to be the greatest
tourist destination in the entire world. Conversely, tourism is the greatest
consumer/user of the Mediterranean coast and the number of tourists continues
increasing. Such a growth will mean an increasing demand for coastal space as well
as such necessities as electric power and water. Furthermore, the impact on certain
habitats (particularly sandy beaches and dunes) will increase.

1.4 - Mediterranean rivers
1.4.1 - Inventory of major rivers

Making an inventory of Mediterranean rivers is not an easy task. Many of them
are small rivers. The often-steep relief in the northern part of the drainage basin is in
favour of the formation of small coastal rivers with relative short distance between the
headwaters and the river mouths. In the south, the hydrographic network is often
badly organised (archaic), such as in Libya, Egypt, Israel, Lebanon and/ or Syria,
where the hot and dry climate does not allow the formation of larger river systems.

Table 1.3 - Major rivers discharging into the Mediterranean Sea

Sub- River Country River mouth Area Area Q-actual Discharge
basin Lat. Long. 10°km?  source km3/yr (mm) source
ALB MOULOUYA Morocco 35.08 -242 51.0 92.009 1.58 31 92.009

ALB MARTIL Morocco 3558 -5.32

ALB GUADALHORCE Spain 36.68 -4.45 29 76.133  0.27 95 76.133
SWE ISSER Algeria 36.87 3.80 31.6 84.209 6.12 194 84.209
SWE CHELIFF Algeria 36.02 0.12 43.7 84.211 1.26 29 84.211
SWE SOUMMAM Algeria 36.75 5.07 8.0 77.142 0.79 99 77.142
SWE SEYBOUSSE Algeria 36.92 7.78 6.0 77.142  0.41 68 77.142
SWE TAFNA Algeria 3528 -1.50 6.9 95.013 0.28 41 95.013
SWE KEBIR Algeria 36.83 6.12 1.1 95.013 0.23 209 95.013
SWE SEGURA Spain 38.08 -0.65 14.9 76.126  0.04 3 97.004
NWE RHONE France 43.92 4.67 95.6 84.211 53.90 564 01.001
NWE VAR France 43.65 7.20 1.8 76.126 157 858 97.005
NWE AUDE France 43.22 3.23 46 97.005 1.31 283 97.005
NWE HERAULT France 43.28 343 2.6 97.005 092 354 97.005
NWE ORB France 43.25 3.30 1.8 95.013 0.86 478 97.005
NWE TET France 42.73 3.03 1.4 97.005 0.40 291 97.005
NWE ARGENS France 43.40 6.73 2.6 97.005 0.38 146 97.005
NWE ARNO Italy 43.68 10.28 8.2 97.007 210 255 91.081
NWE EBRO Spain 40.82 0.52 84.0 84.211 9.24 110 97.004
NWE JUCAR Spain 39.12 -0.65 21.6 84.211 1.26 58 97.004
NWE TER Spain 42.02 3.20 3.0 95.058 0.84 279 95.058
NWE LLOBREGAT Spain 41.32 2.15 4.9 78.162  0.47 95 97.004
NWE FLUVIA Spain 42.20 3.12 0.8 76.133 0.36 360 97.010
NWE TURIA Spain 3945 -0.32 6.4 78.162 0.27 42 97.004
NWE MIJARES Spain 39.92 -0.02 25 97.004 0.20 79 97.004
NWE BESOS Spain 41.42 2.07 1.0 0.13 126 97.010
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Table 1.3 - continued

TYR
TYR
TYR
TYR
TYR

ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR

ION
ION
ION
ION
ION

AEG
AEG
AEG
AEG
AEG
AEG
AEG
AEG

NLE
NLE
NLE
NLE
NLE
NLE

SLE
SLE

TIBER
VOLTURNO
MEDJERDA
OMBRONE
TAVIGNANO

DRINI
BUNA
VIJOSE
MATI
SEMANI
SHKUMBINI
ISHMI
ERZENI
NERETVA
KRKA
ZRMANJA
CETINA
MIRNA
PO
ADIGE
BRENTA
PESCARA
RENO
BIFERNO
METAURO
FORTORE
OFANTO

AKHELOOS
CRATI
SINNI
SIMETO
BRADANO

AXIOS
STRYMON
ALIAKMON
NESTOS
PINIOS
EVROS

BUYUK MENDERES

GEDIZ

SEYHAN
CEYHAN
MANAVGAT
NAHRELASI
GOKSU
LAMAS

NILE
KISHON

Italy
Italy
Tunisia
Italy
France

Albania
Albania
Albania
Albania
Albania
Albania
Albania
Albania
Croatia
Croatia
Croatia
Croatia
Croatia
Italy
Italy
Italy
Italy
Italy
Italy
Italy
Italy
Italy

Greece
Italy
Italy
Italy
Italy

Greece
Greece
Greece
Greece
Greece
Greece/Turkey
Turkey
Turkey

Turkey
Turkey
Turkey
Turkey
Turkey
Turkey

Egypt
Israel

41.90
41.02
37.18
42.65
42.08

41.75
41.85
40.38
41.65
40.73
41.07
41.67
41.40
43.03
43.72
44.08
43.35
45.33
44.88
45.10
45.18
42.47
44.62
41.92
43.83
41.63
41.37

38.60
39.72
40.14
37.40
40.38

40.63
40.80
40.52
40.68
39.90
40.88
37.67
38.58

36.72
37.03
36.78
36.12
36.32
36.62

31.43
32.82

12.48
13.92
10.17
11.00

9.50

19.57
19.28
19.80
19.53
19.55
19.73
19.56
19.38
17.65
15.97
15.63
16.70
13.55
11.65
11.83
12.30
14.22
12.27
15.03
13.06
15.08
16.22

21.23
16.52
16.71
15.10
16.85

22.97
23.87
22.53
2473
22.75
26.17
27.33
26.80

34.88
35.82
31.43
35.92
34.03
34.30

31.80
35.03

16.6
5.5
21.8
2.6

14.2
52
6.7
24
57
25
0.7
0.8

11.8
20
0.9
1.5
0.5

70.0

12.0
1.6
3.1
34
1.3
1.4
1.1
27

24.7
16.5
9.5
57
9.8
55.0
19.6
15.6

20.0
20.5

1.3
22.6
101

2870.0
1.1

84.211
95.013
76.126
95.013

96.027
96.027
96.027
96.027
96.027
96.027
96.027
96.027
99.001
99.001
99.001
99.001
99.001
84.211
84.211
74.036
95.013
74.036
74.036
74.036
74.036
74.036

97.014
74.036
74.036
74.036
74.036

84.211
94.064
84.211
94.064
97.017
97.014
89.175
83.244

94.066
83.244
83.244
83.244
92.009

78.090

7.38
3.10
0.95
0.79
0.06

11.39
10.09
6.15
3.25
3.02
1.94
0.66
0.51
13.80
2.01
1.39
1.31
0.29
47.80
7.29
2.32
1.70
1.40
0.67
0.43
0.43
0.37

5.67
0.86
0.71
0.54
0.21

4.90
2.59
1.17
1.03
0.67
6.80
4.70
1.87

7.20
7.10
4.99
2.70
2.50
2.20

6.00
0.06

446
564

44
304

804
1944
917
1332
535
792
985
671
1169
1015
1533
895
633
683
610
1487
548
412
516
307
381
136

1023
647
623
295

77

198
157
123
179

69
124
240
120

360
346
3780
119
248

84.211
95.013
76.126
95.013
97.005

96.027
96.027
96.027
96.027
96.027
96.027
96.027
96.027
99.001
99.001
99.001
99.001
99.001
01.001
84.211
74.036
95.013
74.036
74.036
74.036
74.036
95.013

97.014
74.036
74.036
74.036
74.036

97.014
94.064
97.007
94.064
97.015
97.014
89.175
83.244

94.066
94.066
96.029
83.244
92.009
96.029

93.027
97.015

For source indexes, see reference list

We retained for our study data on 74 rivers. They are listed in table 1.3

according to the major sub-basins to which they are discharging. When ranking
according to total annual water discharge, the ten largest rivers are the Rhone, Po,
Drini, Neretva, Buna, Ebro, Tiber, Adige Seyhan and Ceyhan rivers. Together they
bring about 170 km®/yr of water to the Mediterranean Sea, which is about half of the
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overall freshwater input by rivers (see chapter Il). The Rhone and the Po rivers alone
still account for one third of this value. The Rhone is nowadays the largest freshwater
source since the closure of the Aswan dam in the sixties of the last century. Before
this, the Nile held this position, with an average discharge of about 84 km?®/yr
(Kempe, 1993). In bringing the water from his headwaters in the Southern
Hemisphere to the north over a distance of about 6500 km, the Nile River played a
very particular role in the hydrology of the Mediterranean.

When ranking according to basin size, the ten largest rivers are the Nile,
Rhone, Ebro, Po, Evros, Moulouya, Cheliff, Isser, Axios and Nahrelasi rivers. Many
more southern rivers are represented in this list, underlining the strong climatic
contrast between the north and the south.

The drainage intensities (water discharge divided by basin area) in the
different rivers largely reflect the climatic particularities in the Mediterranean region
(see above). Although the differences between individual rivers of the same sub-
basin is sometimes important, it can be generalised that the lowest drainage
intensities are typical for the rivers of the S-Levantine and Central basins. In the
order of increasing values follow then the rivers of the Alboran Sea, the ones of the
S-Western, Aegean, Tyrrhenian, N-Levantine, N-Western, and lonian basins, and
finally the rivers of the Adriatic Sea. Of the latter basin, numerous rivers have values
even above 1000 and 1500 mm, such as the Buna and Mati rivers in Albania, and the
Zmanja and Neretva rivers in Croatia. These values are high compared to other
world rivers, underling the fact that there is important water excess in this region (see
also fig. 1.2d). Note that the Amazon River has an average drainage intensity of only
about 1100 mm. Nevertheless, one has also to mention here that in some cases
these values may be misleading. Especially in Croatia, river basins can be connected
to each other via karst networks, and water may be imported from outside the
catchments.

1.4.2 - Hydrological regimes

Due to the strong seasonal contrast of climate, the hydrological regime of the
Mediterranean rivers is quite particular compared to other regions. The differences
between low and high water discharge can be extreme. Often, most of the water
discharge occurs during short floods. In the large and medium-sized river basins
situated in north and central Europe, wide-ranging and continuous precipitation is
commonly the main factor in flood generation, often also in association with
snowmelt. Intense rainfall falling on small catchments is the main cause of floods in
the Mediterranean area. In some areas along the Mediterranean cost, the recorded
maximum daily rainfall is close to the mean annual rainfall (Estrela et al., 2001).

As a consequence, the ratio of peak discharge on mean annual discharge in
drainage basins of 1000 to 10 000 km? which is quite typical for Mediterranean
rivers, is frequently about one order of magnitude greater than for rivers in Non-
Mediterranean areas (fig. 1.5). This also represents a major difficulty for the
monitoring of these rivers. Gauging stations have to be calibrated for extreme water
levels and the equipment has to be designed to resist to violent flash floods.
Monitoring of water quality parameters, as far as they should be used for the
calculation of fluxes, is even more difficult to realise because almost all of the transfer
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occurs during these floods (especially in the particulate phase). Flash floods often
escape to regular sampling campaigns.

1000

100 7

Peak discharge / mean annual discharge

M Non-Mediterranean areas u
A Mediterranean areas - -
: :

100 1000 10 000 100 000 1000 000

Drainage area (km?)

Fig. 1.5 - Ratio between peak discharge and mean annual discharge of Mediterranean rivers in comparison with
other Non-Mediterranean rivers (Estrela et al., 2001).

With respect to seasonal variation of the water discharge, one can notice that
by far most of the Mediterranean rivers have lowest values during summer (July to
September) because of the strongly reduced precipitation and the elevated
temperatures during this season. Figure 1.6 shows the 1969-79 average monthly
hydrographs for some of the major Mediterranean rivers. Maximum values are
normally observed between February and May. The February maximum is typical for
the rivers that are rainfall dominated (such as the Tiber and Arno rivers), since rainfall
is strongest in winter (see above). When the headwaters reach up to highly elevated
areas, which is often the case, snowmelt discharge becomes dominant. This is
shifting the maximum discharge to April or May (e.g. the Drini or Ceyhan rivers).
Often, both regimes are superimposed. An exception to the general trend is the
Adige River in the northeast of Italy, where maximum discharge occurs in early
summer. Winter discharge is quite low. In this part of the Mediterranean drainage
basin, climate is rather continental (fig. 1.3a-d). Certain tributaries of the Po are
under a similar climate, which obviously has an impact on the hydrograph of this river
too. Finally, it may be pointed out that the accentuation of the seasonal contrast
towards the south and the east has naturally also a strong impact on the rivers in
these areas. Almost all of the discharge occurs during the first half of the year,
whereas the second half is very dry (e.g. Moulouya and Ceyhan rivers).
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Water discharge (m3/s)

Fig. 1.6 - Seasonal variation of discharge in some Mediterranean rivers. Solid line: 1969-79 average; dashed
lines: standard deviation. Data sources: Medhycos (2001) and/ or Vérésmarty et al. (1998). For more details, see
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1.4.3 - River damming

The artificial damming of rivers for the purpose of water use is not a recent
phenomenon. The earliest large dams are located in Spain and are believed to date
from the 2™ century AD (Leonard and Crouzet, 1999). Nevertheless, it was mainly
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during the second half of the last century that the overall rate of dam construction in
Europe was highest (fig. 1.7). This concerned many rivers flowing to the
Mediterranean. Spain is currently the country having the greatest number of large
reservoirs (height of the dam wall >15m), with 849 dams in 1997. For the same year,
521 dams were registered in France and 425 in Italy (Leonard and Crouzet, 1999). In
Greece, this was only 13, but these dams were larger on average than the above
mentioned ones. No precise figures were available to this report for the other
countries bordering to the Mediterranean.

Belgium, Finland, Iceland, Ireland
Luxenbourg and the Netherlands

\ Portugal
Greece Austria Norway France Spain
Italy
Sweden Germany

1970

Year of commissioning
o
g

1930

1920

1910
Note: No large dams in Denmark

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
Total number of dams constructed

Fig. 1.7 - Evolution of reservoir construction in some European countries (Leonard and Crouzet, 1999).

The principal reasons for dam construction are hydroelectric power
generation, irrigation, public water supply, and flood control. Low flow enhancement,
recreation, fish farming, transport and navigation facilitation, and spoil storage are
additional purposes. Considering the presence of large reservoirs in river basins is
important for the understanding of water quality and matter transfer in these rivers
because their impact on the natural functioning can be considerable. In the
Mediterranean area, where water shortage is endemic and water extraction for
irrigation and public water supply are the major reasons for the reservoir
constructions, this impact is already highly visible with respect to water discharge.
Especially in the hot and dry climates of the south, the reduction of natural water
discharge due to river damming can be dramatic. A well-known case where the
ongoing construction of dams during the 20" century was accompanied by a
continuous reduction in mean annual discharge is the Ebro River in Spain. Today, a
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total of 128 reservoirs exist in the Ebro basin, with a storage capacity of about 6.51
km?®. Concomitant reduction in water discharge was estimated to be about 29%
(Ibanez et al., 1996). Also the seasonality of the river's hydrograph was strongly
smoothed.

Further south, the examples of water discharge reduction due to damming are
even more extreme. Snoussi et al (2002) estimated that the discharge of the
Moulouya River dropped by about 47% after the construction of the Mohamed V dam
in Morocco. Zahar and Albergel (1999) reported that the closure of the Sidi Salem
Dam in Tunisia led to a reduction of the mean annual discharge of the Medjerdah
River by 65% due to diversion for irrigation and evaporative losses. But the most
famous example is naturally the Nile River. After the closure of the Aswan Dam in
Egypt, probably less than 5% of the 84 km® of water that enters on average the
reservoir ends up in the Mediterranean (Kempe, 1993). The average residence time
of the water is about 2 years and direct evaporation from the reservoir alone is in the
range of 10 km®yr. The bulk of the river water ends up on the fields further
downstream via irrigation.
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Chapter Il - Water discharge

2.1 - Introduction

Water discharge is the most important factor controlling the matter transfer
from land to the sea by rivers. Even if the average concentrations of different
pollutants can be determined with reasonably good precision, flux estimates can only
be as good as the estimates for the corresponding water discharge. Moreover, for
many dissolved and particulate species in rivers, concentrations are not independent
from runoff, and an evaluation of possible trends has to take into account the
hydrological conditions during which the observations have been made.

For these reasons, we intend in this chapter to determine reliable values for
the overall freshwater inputs to the Mediterranean Sea by rivers. These values can
then be used in the following chapters as a basis for calculating fluxes. Water fluxes
can evolve during time because of climate change and anthropogenic water use in
the basins, and these figures cannot be given without mentioning the corresponding
reference period. A detailed evaluation requires the availability of a huge amount of
hydrological records for the rivers draining to the Mediterranean Sea. The acquisition
of these data, even if they might exist, is naturally beyond the scope of this study.
Nevertheless, we consider that the hydrological and climatic information that can be
found in scientific publications or that is nowadays distributed via the internet is
sufficient to detect general trends which can then be extrapolated to the entire
Mediterranean, to its sub-basins and/or to terrestrial catchments at regional scales.
This is the approach we follow in this chapter. It means that the given values
represent general evolutions that may be representative for time slices of about 5 to
10 years but they cannot be attributed to individual calendar years.

Three major reference periods are distinguished: the beginning of the 20™
century (1900-1920), the period around 1960 to 1970, and the end of the 20" century
(1995-2000). The latter corresponds more or less to the actual situation. Looking at
the evolution since the beginning of the 20™ century is interesting because it allows
an estimate for the amplitude of the long-term variability of river discharge, which can
be important for the general understanding of possible changes that might have been
occurred in the marine ecosystem. The distinction between the periods before and
after the sixties is somewhat arbitrary. For many rivers, data are only available for the
second half of the 20™ century, especially after 1960. Trend estimates can hence be
more precise for the second part of the last century than for the first one. The 1960 to
1970 limit, however, may also correspond to some physical change in many river
systems. The construction of numerous dams falls in this period (see chapter 1) and
for certain regions, such as Spain, climate changed markedly since this time (see
below). The other reason we selected this limit is the fact that for flux calculations,
data on water quality in rivers are rarely available before 1970.

2.2 - Climate change and evolution of rainfall
Climate change, and especially changes in precipitation over time, has to be
considered first when looking at the evolution of freshwater discharges to the sea by

rivers. In many cases, time series for precipitation are more easily available than
discharge records, and can therefore be used as extrapolation matrix for discharge at
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temporal and spatial scales. On the other hand, any evolution in river discharge
should be interpreted in conjunction with the evolution of precipitation over the
corresponding drainage basin. Anthropogenic activities, such as river damming
and/or increased water extraction for irrigation can, therefore, be detected from these
comparisons between water discharge and precipitation.
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Fig. 2.1a - Mean annual rainfall during 1900 to 1998 over the Mediterranean region according to Hulme (1999).
The numerical values in the grids indicate the rainfall changes in percent when the evolution follows a significant
trend (P < 0.1). For further information, see text.

In our study, we consulted the data set of Hulme (1999) for the evaluation of
rainfall trends over the Mediterranean drainage basin. These data represent a global
reconstruction of monthly precipitation from 1900 to 1998 in a spatial grid point
resolution of 2.5° latitude by 3.75° longitude. Although this resolution is coarse, it
should be sufficient to detect general trends that might have affected river discharge
in the Mediterranean region. The maps in figures 2.1a (1900-1998 evolution) and
2.1b (1960-1998 evolution) show the grid points included in the data set, as well as
the range of average annual precipitation attributed to these grids. A comparison with
figure 1.2b (chapter I) allows estimating the degree of simplification of the real
precipitation patterns related to the coarse resolution. For some of the grids in the dry
parts of Africa, the records can be incomplete, whereas for the rest of the grids, only
very few missing values are encountered in the database.

We performed trend analyses for all of the grids on the basis of the Mann-
Kendall test in order to detect possible changes (Mann, 1945; Kendall, 1975). As far
as a significant trend was detected (in general, P < 0.05), we determined the long-
term change in precipitation by linear regression between the five-year running mean
of mean annual precipitation and time. In the figures 2.1a and b, this is expressed by
numerical values within the grids. These values indicate the difference between the
regression model values for the beginning and for the end of the record, in percent of
the first value. Negative values indicate therefore a precipitation decrease. In
addition, we also determined the general evolution of the average values for larger
units such as the entire western or eastern basin, or for large river basins. These
data are represented in table 2.1 and in figure 2.2.
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Fig. 2.1b - Mean annual rainfall during 1960 to 1998 over the Mediterranean region according to Hulme (1999).
The numerical values in the grids indicate the rainfall changes in percent when the evolution follows a significant
trend (P < 0.1). For further information, see text.

It is a striking feature that for many grids over the Mediterranean drainage
basin, the evolution during the last century is characterised by negative rainfall trends
(fig. 2.1a). Positive trends can be found further North, but they are almost absent in
the Mediterranean region. The average precipitation decrease is about 6% for the
western basin, and about 10% for the eastern basin (not including the Nile).

When only looking at the evolution from 1960 to 1998 (fig. 2.1b), less grid
elements depict significant trends. Especially in Spain, and over the terrains draining
to the Alboran Sea, a severe precipitation decrease is found. The other region where
average precipitation decreased is the Adriatic coast of Albania and Croatia.
Because average precipitation is very high in this region, this decrease affected
significantly the overall precipitation input to the entire Adriatic Sea (table 2.1).

One can also notice that the evolution of rainfall in the Po and the Rhone
rivers, the two largest north-Mediterranean rivers draining the Alps, is characterised
by marked fluctuations following more or less a 20 to 25 year cycle (fig. 2.2). A
general trend, however, is absent. Further south, overall precipitation decrease and
the fluctuations become smoothed. In the Nile River, rainfall decreased markedly
since about 1960, leading to an overall reduction of rainfall of almost 12% for the
entire basin. This is important because this effect is superimposed to the reduction of
the Nile discharge related to the closure of the Aswan Dam in 1964, enhancing thus
the water discharge deficit of this river.
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Table 2.1 - Precipitation (P) changes in some large catchments of the Mediterranean region.

Basin reference average P P change
period (mm) (%)
1900-98 843 - *
Rhone 1960-98 846 -
] 1900-98 745 -10.3
Tiber 1960-98 733 -
1900-98 898 --
Po 1960-98 894 -
1900-98 748 -
Danube 1960-98 741 -
) 1900-96 902 -4.8
Nile 1960-96 886 -11.6
1900-98 624 -6.0
Western Basin 1960-98 611 _
Eastern Basin 1900-96 510 9.7
(without Nile) 1960-96 497 -
1900-98 834 -6.8
Adriatic Basin 1960-98 824 95

* No value means that trends were not significant at P < 0.05
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Fig. 2.2 - 1900 to 1998 evolution of rainfall in some of the large catchments of the Mediterranean region. The
lines represent the 5-year running mean of mean annual precipitation.
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2.3 — Water discharge trends in Mediterranean rivers

We included discharge records of about 30 rivers in our evaluation of the
evolution of water discharge over time in the Mediterranean region. They are
represented in figures 2.3a and b. Most of the data were downloaded from the Med-
Hycos database, a special site on the hydrology of the Mediterranean Sea
(Medhycos, 2001). They are currently updated and include also most recent years.
Other time series of river discharge were obtained from the Global River Discharge
Database RivDIS (Vordosmarty et al., 1998). These data were originally published by
UNESCO and normally stop in the 80's of the last century. In General, time series
less than 20 years were not taken into account in our analyses. The spatial
distribution of the rivers covers most of the Mediterranean drainage basin, although
certain regions are not well represented. In general, data coverage of the north-
European rivers is good, whereas data on south-Mediterranean rivers are less
abundant. Especially Turkish rivers are underrepresented in our data.

Trend analyses were performed on the basis on the Mann-Kendall test in a
similar way than for the time series of precipitation (see above). The time series of
the river data do not necessarily cover the same periods and the comparison of
trends between rivers has, therefore, to be done with caution. Moreover, in some
cases, the time series are not complete and certain years are missing, which can
affect the significance of the detected trends. Another problem is that the gauging
stations are not always situated close to the river mouth and only reflect a certain
portion of the overall discharge. Also the comparison of river basins of different sizes
has to be done with caution, since small basins may be much more subjected to local
patterns. Despite these limitations, we consider that the overall data still allow a good
overview of the general evolution of Mediterranean river discharges. The succession
of dry and wet periods is normally well correlated for rivers of the same regions,
indicating that records are representative for these regions.

2.3.1 — Long-term trends

Long-term trends were established for the rivers for which records of about 50
years or more were available (fig. 2.3a), and the results are given in table 2.2. This
concerns mainly the northwestern European rivers such as the Rhone River, and
Italian rivers, the country for which the data coverage is the best. In most of the
cases, clear negative trends are prominent. The only case where a positive trend
was detected is the Tet River, a small coastal river in the southwest corner of the
Mediterranean coast of France. This increase is in agreement with the evolution of
rainfall in this part of the Pyrenees (Moisselin, 2002). The Po and the Rhone rivers do
not depict any long-term trend and the records are in good agreement with the
evolution of rainfall (fig. 2.2 and 2.3a). Also the discharge of the Danube River does
not show any trend (although the Danube does not discharge into the Mediterranean
Sea, we included it here for comparison), indicating that this may be a general
feature for the rivers taking their headwaters in the Alps.
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Fig. 2.3a - Long-term variations of discharge in some Mediterranean rivers since about 1920 (dashed line:
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Tab. 2.2 - Long-term trends of water discharge in some Mediterranean rivers.

1990 2000

Q (m3/s)

221.737

River Ceyhan — Station Misis — Area 20466 km2 — av. Q (m3/s):

1960

1970

River Peristerona — Station Panayia Bridge — Area xxx

1990

xx km2 - ov. Q (m3/s):

1.17763

1960

1970

2000

Code

bast () River Country  Station Aregx Record period Average Q Q change
(km®)  start end (ms) Ref. (%)
NWE  Rhone France  Beaucaire 95590 1920 1999 1706 © -
NWE  Tét France  Vinga 930 1935 2000 10 @ 56.8
NWE  Ebro Spain  Tortosa 84230 1914 1999 459 @ 473
ook Danube  Rumania | oof Ceatal  g57000 1921 2000 6413 @ -
ADR  Adige Italy Boara Pisani 11954 1922 1980 226 ®  .358
ADR  Po Italy Pontelagoscuro 70091 1919 1996 1514 © -
NWE  Armo Italy San Giovanni 8190 1924 1995 91 ® 392
ADR  Pescara ltaly Santa Theresa 3130 1939 1999 50 @ 347
TYR  Tiber Italy Ripetta 16500 1921 1997 223 @ 216
ADR " Ofanto  Italy CS: Samuele di 2720 1930 1999 13 © 434
afiero
TYR  Medjerdah Tunisia Ghardimaou 1490 1950 1995 5 ® 556
SLE  Nile Egypt  Aswan Dam 1871 1984 2744 © 403

see Table 1.1 (chapter 1)
no value means that trends were not significant at P < 0.05

Stucky (2001)
Vorésmarty et al. (1998)

(1)
()
(3) Medhycos (2001)
(4)
(5)

Except the Po River, all Italian rivers show clear negative trends. This may be
the combined action of climate change and increased anthropogenic water use in the
basins. It is remarkable that the water discharge reduction is less important for the
Tiber River (about —20%) than for the other lItalian rivers (in the range of -35 to —
45%). The record for the Tiber is more complete than for the other rivers, making a
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direct comparison somewhat difficult. But it is possible that these differences mainly
reflect the evolution of rainfall over Italy. When looking at the precipitation map in
figure 2.1a, one can see that a reduction of rainfall occurred in the north (Arno,
Adige) and in the south (Ofanto), but not in the centre of the country.

2.3.2 — Recent trends since 1960

Data coverage since 1960 is much better than from the beginning of the 20"
century, and more rivers could be included in the trend analysis (tab. 2.3). Because
of the shorter time span considered, it is possible that general trends may be
overwhelmed by the general cyclicity of dry and wet periods, which seem to occur, at
least in the northern part of the Mediterranean region, in time intervals of about 20-25
years (see above). Probably also as a consequence of this, only for about half of the
rivers, significant trends were found. But in all cases, these trends are negative.

The strongest reduction is found for rivers that were affected both by the
construction of dams and by precipitation decrease, such as the Ebro River in Spain
and/ or the Moulouya River in Morocco. The strongest reduction is found for the
Cetina River in Croatia where large artificial reservoirs (Peruca and Busko Blato)
have been built for hydropower plant, water supply and protection against flood. In
general, discharge reduction is frequent in the rivers of the Eastern Mediterranean,
mainly when the records extend to the recent years and do not stop in the eightieth. It
seems also that the reduction becomes more important from the north to the south.
Many Greek rivers suffered from a reduction of up to half of their original discharge
(Skoulidikis and Gritzalis, 1998). When going further east, data coverage is not
sufficient, especially for Turkish rivers. We only found a short record for the Ceyhan
River, and data for two very small rivers on Cyprus. The latter show no clear
evolution, but they may not really be representative for the entire region.
Nevertheless, precipitation rather increased in this part of the Mediterranean
(contrary to Greece), and also the headwaters of the Euphrates River depicts no
clear trend in discharge (not shown here). We concluded therefore that there might
have occurred a small reduction in discharge due to water use in the Turkish part of
the eastern drainage basin, but certainly less important than in Greece.

Finally, it is worth being mentioned that also for the evolution since 1960, the
Po and the Rhone rivers do not follow the general trend of a reduction in water
discharge. This is important because also in these basins, impoundments and dams
are frequent. In the Rhone, for example, a considerable part of the tributary
discharge from the Durance River has been deviated to the lake of Berre (near
Marseille) during the sixties, leading to an overall reduction of the Rhone discharge of
about 100 m*/s on average (Vivian, 1989). In the discharge record of the Rhone (fig.
2.3a,b), this is not visible. Apparently, human activities have less impact on the
amount of annual water flow out of these basins. Or this impact is compensated by
more humid conditions. Note that when looking at the evolution of precipitation in the
Rhone basin (fig. 2.2), it seems that the values tend to increase since the middle of
the last century.
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Tab. 2.3 - Discharge trends since 1960 in some Mediterranean rivers.

Area  Record period Average Q Q change

bggi(:]%) River Country Station (km?) start ond (m3/s) Ref %)
Black hanube  Rumania  rulceaCeatal  ghi000 1950 2000 6574 @ @
Sea Izmail
NWE Rhone France Beaucaire 95590 1960 1999 1721 © -
NWE Aude France Carcassonne 1730 1969 1999 21 © -
NWE Tét France  Vinga 930 1960 2000 12 @ -
NWE Ebro Spain Tortosa 84230 1960 1999 416 ©® 538
ALB Moulouya Morocco  Dar el Caid 24422 1960 1988 21 ©® -76.1
TYR Medjerdah Tunisia ~ Ghardimaou 1490 1960 1995 4 ©® -
ADR Adige Italy Boara Pisani 11954 1960 1980 200 © -
ADR Po Italy Pontelagoscuro 70091 1960 1996 1569 © -
NWE Arno Italy San Giovanni 8190 1960 1995 84 ©@ -
ADR Pescara Italy Santa Theresa 3130 1960 1999 46 ® 200
TYR Tiber Italy Ripetta 16500 1960 1997 217 @ 312
ADR  Ofanto Italy S.Samuele Di 2720 1960 1999 12 © 428
Cafiero
ADR Mirna Croatia Portonski most 1961 1998 g © -29.7
ADR Zmanja Croatia Jancovica buk 907 1961 1990 38 ©@ --
ADR Krka Croatia  Skradinski buk 2285 1960 1998 53 ®  _351
gornji
ADR Cetina Croatia Tisne stine 1460 1960 1998 32 ® -88.5
ADR Mati Albania  Shoshaj 646 1960 1988 25 © -
ADR  Erzeni Albania  Ndroq 663 1960 1992 13 441
ADR Shkumbini  Albania  Paper 1960 1960 1990 35 @ 336
ADR Semani Albania  Ura Vajgurore 2070 1960 1989 33 @ 294
ADR Vijose Albania  Dorze 5420 1965 1984 145 © -
AEG Axios Greece  Konitsa 24700 1964 1986 24 © -
ION Acheloos  Greece  Avleko 5540 1965 1995 51 @ 302
AEG Aliakmon  Greece Il Arion 9500 1963 1987 50 @ -
AEG Vadar Greece  Skopje 4650 1961 1998 58 © 471
AEG Nestos Greece Temenos 5740 1966 1995 40 © -54.8
NLE Ceyhan Turkey Misis 20466 1971 1983 222 ©® -
NLE Dhiarizos  Cyprus  Philousa 1965 1994 2 @ -
NLE Peristerona Cyprus Panayia Bridge 80 1965 1994 1 @ --

(1) See Table 1.1 (chapter I)

(2) No value means that trends were not significant at P < 0.05
(3) Medhycos (2001)

(4) Stucky (2001)

(5) Voroésmarty et al. (1998)

2.4 — Regional water budgets

The above-presented trends allow evidencing the relative changes of river
inputs to the Mediterranean over time. But the data are not sufficient to establish
regional water budgets. In order to translate these data into absolute values, a
reliable estimate for the overall amount of freshwater inputs at a given time is
needed. We retained for this purpose the water budget of Collectif (1978) that has
been established in the framework of the UNEP MEDX programme. It distinguishes
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the water input into the Mediterranean with respect to its ten sub-basins (table 2.4),
and results in an overall water input of about 440 km®/yr. This value is close to other
estimates found in the literature, such as those of Tixeront (1970) or of Margat
(1992). In preparation of the new edition of the Blue Plan Book of the UNEP MAP
programme, the latter author established a detailed water budget with respect to the
different Mediterranean countries (Margat, in press), resulting in a total riverine
freshwater input of about 430 km®yr. These values are shown for comparison in
table 2.5. Also at a more regional scale, both water budgets are in very good
agreement.

The Adriatic Sea is the sub-basin that receives the greatest amount of
terrestrial runoff: more than one third of the overall freshwater input enters the
Mediterranean Sea in this sub-basin. By far most of the water comes from ltaly, the
country with the highest contribution. The budgets of Margat (tabl. 2.5) also allow us
to conclude that the groundwater discharge to the Mediterranean may represent an
additional freshwater contribution of about 10% of the river discharge. The water loss
due to direct evaporation of the water bodies is also in the range of 10% of the river
discharge, with about one third related to the evaporation from water dams (mainly
the Aswan dam in Egypt). When compared to the difference between precipitation
and evaporation (P-ETR), it can be noticed that almost one fifth of the water
resources (90 km®/yr) are affected by anthropogenic water consumption.

We considered for our purpose that the water budgets presented above
correspond more or less to the situation around 1970 (Collectif, 1978). They are
already affected by major human impacts such as the damming of the Nile at Aswan,
but do not reflect the further reduction in discharge during more recent years. This
allows us to extend the water budgets to the beginning and to the end of the last
century (Q-20 and Q-95, respectively) by applying the results of our trend analyses to
the entire budgets. In table 2.4 we attributed to each of the terms of the sub-basin
budgets a percentage of the estimated change in water discharge when going back
to the beginning, and when going forward to the end of the 20" century (d-Q20 and
d-Q95, respectively). The river examples that conducted us in the selection of these
values are shown as well. Changes in precipitation were naturally considered in all
cases, even if this is not always explicitly mentioned.
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Tab. 2.4 - Regional freshwater inputs to the Mediterranean by rivers at the beginning (Q-20), around
1970 (Q-70), and at the end of the 20th century (Q-95). For further explication, see text.

Basin Country A Q-70 A Q-70 Q-20 Q-95
3 3 N extrapolation - extrapolation
Qr?]z km®lyr Qﬁz kmyr | %20 according to | ° %95 according to | km®lyr  km®/yr
Spain 18.4 2.2 30.0 Ebro, P -75.0 Moulouya, P
ALB Morocco 63.0 34 102 6 20.0 Moulouya -75.0 Moulouya, P 8 2
Algeria 20.5 0.6 20.0 Moulouya -75.0 Moulouya, P
Spain 145.0 221 40.0 Ebro -45.0 Ebro
NWE France 125.0 65.6 277 95 10.0 Rhone, Arno -5.0 Rhone, Arno 114 80
Italy 7.4 7.3 50.0 Arno -20.0 Arno, Tiber
. Moulouya, .
Algeria 79.0 3.7 20.0 Medjerdah -15.0 Medjerdah
L Moulouya, .
SWE Tunisia 2.2 0.1 115 9 20.0 Medjerdah -15.0 Medjerdah 12 7
Moulouya, .
Italy 14.9 4.4 30.0 Medjerdah, P -25.0 Tiber
Spain 18.6 0.9 40.0 Ebro -45.0 Ebro
France 6.4 3.0 50.0 Arno -20.0 Arno
Italy (Sard.) 9.2 2.7 20.0 Tiber -25.0 Tiber
TYR 87 39 47 29
Italy 66.7 32.0 20.0 Tiber -25.0 Tiber
Italy (Sicily) 5.0 0.9 20.0 Tiber -25.0 Tiber
Italy 1543 983 205  PoAdige, | ;5 Po Adige,
Pescara Pescara
Former Krka, other
ADR  Yugosl. | 990 481 | o34 4y | 250 Pescara, P | -30.0 o ian | 203 136
Shkumbini,
Albania 21.3 19.5 25.0 Pescara, P -35.0 other
Albanian
Pescara,
Italy 23.0 9.1 25.0 Ofanto, P -35.0 Ofanto
. Pescara,
Italy (Sicily) 7.0 1.1 25.0 Ofanto, P -35.0 Ofanto
ION 52 35 b Shkumbini, | 44 23
Albania 9.1 8.3 25.0 escara, -35.0 other
Ofanto, P .
Albanian
Greece 126 163 25.0 Pescara, 300  Acheloos
Ofanto, P
Tunisia 32.2 1.0 30.0 Ofanto, P -35.0 Ofanto
CEN 46 3 ’ 4 2
Italy 13.7 2.3 30.0 Ofanto, P -35.0 Ofanto
Greece | 1460 309 300 P Ofanto | 500 NOSPS other
reek
AEG ~ Greece | g4 14 | 215 47 | 300 P, Ofanto | -500 Nestos.oher| g o5
(Crete) Greek
Tukey | 603 145 300 P Ofanto | 500 NOSPS otner
reek
Turkey 934 224 35.0 P, Ofanto -10.0 Cyprian, P
NLE Cyprus 9.1 1.4 108 25 35.0 P, Ofanto -10.0 Cyprian, P 33 22
Syria 5.7 0.7 35.0 P, Ofanto -10.0 Cyprian, P
Libya 7.3 0.8 35.0 P, Ofanto 0.0 P
Israel 10.3 0.3 35.0 P, Ofanto 0.0 P
SLE 2941 17 ’ 81 8
Greece 3.3 0.5 35.0 P, Ofanto 0.0 P
Egypt 2920 15.8 400.0 Nile -60.0 Nile
TOTAL 4174 440 TOTAL 606 333

Sources: column 1-6, Collectif (1978);
others: this study; d-Q20 and d-Q95 are the estimates differences in water discharge with respect to the water discharge in
1970. On the basis of these values, Q-20 and Q-95 were estimated.
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Our approach brings us to the conclusion that the freshwater discharge to the
Mediterranean by rivers is actually only about 330 km*/yr compared to about 600
km3/yr at the beginning of the last century. A direct comparison of our values with
other independently derived literature estimates is possible with the work of Boukthir
and Barnier (2000), who established a riverine freshwater budget for the entire
Mediterranean for the period of 1974-1994. They found a value of about 350 km®/yr.
Taking 1984 as reference year for this value, and interpolating linearly our estimates
for Q-70 and Q-95 to this year gives a freshwater discharge of about 375 km?yr,
which is in good agreement with the first value. One may also mention here that the
overall discharge estimated from the drainage intensity maps of Korzoun et al. (1977;
see also chapter 1) is about 590 km®yr (140 for the western basin, 450 for the
eastern basin). This is indicating that their work rather reflects the situation at the
beginning of the 20™ century. But it is also possible that these values are somewhat
too high. Summing up values for drainage intensity from maps on a grid point scale
tends to overestimate the real values since this cannot account for water losses due
to evaporation and anthropogenic water extraction.

On the level of the Mediterranean sub-basins, the evolution of freshwater
discharge over time is more diverse (fig. 2.5). The most striking feature is naturally
the reduction of the inputs to the South-Levantine Sea due to the damming of the
Nile. The actual value is only about 5-10% of the original one at the beginning of the
last century. In reality, this may be still an overestimation. Due to the irrigation
practices in the Nile delta, where water use is very intense and much water is directly
discharged to the sea from the fields, is almost impossible to obtain reliable figures.
We retained the value of 6 km*/yr of Abdel-Moati (1999) for the actual Nile discharge,
which is close to the 4.5 km3/yr that were originally fixed by the Egypt water
authorities as minimal discharge (Kempe, 1993). But it is possible that this value is
actually not respected, not at least also because of the severe precipitation decrease
in the Nile basin since the sixties (see above), which might have considerably
increased the water stress in the basin.

Otherwise it is remarkable that the Q-20 to Q-70 evolution is rather uniform in
the different sub-basins. The reduction towards the seventies is almost everywhere in
the range of 20-30%. More severe reductions such as in the Ebro and/or Arno rivers
are compensated by the more or less constant discharge of the Rhone or the Po
rivers. The Q-70 to Q-95 evolution, however, is more variable, and the general trend
of a decrease of the freshwater inputs is accelerated. The overall reduction is in the
range of 110 km®/yr, compared to about 170 km*/yr for the Q-20 to Q-70 time span,
although the latter period is about twice as long and strongly impacted by the closure
of the Aswan dam. During the more recent years, the North-Levantine, the
Northwestern and the Adriatic basins are the less affected by the reduction (about 10
to 20%), whereas the drop is more pronounced in the Tyrrhenian, lonian and Aegean
basins (about 25 to 50%). With an estimated reduction of about 75%, the Alboran
Sea encounters the strongest reduction.
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Tab. 2.5 - Regional freshwater inputs to the Mediterranean according to Margat (in press)
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It is evident that it cannot be always guaranteed that the examples we
selected to extrapolate our budgets were really representative for an entir