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CHAPTER 2

NATURAL ENVIRONMENT

2.1. Abiotic characteristics

2.1.1. Climate

Apart from geographical factors such as elevation, latitude/longitude and

influences from the Mediterranean Sea, the climate of the Doiran region is influenced

by the water surface of the lake itself and the surrounding mountains (Belles/Belasitsa

to the north, Krousia/Krusa to the east and Boskija and Dab to the west). The southern

end of the catchment area is wide open to the Thessaloniki Plain and the Aegean Sea,

which provides an undisturbed Mediterranean climatic influence.

Compared to other regions of the FYROM, this region has a warmer climate

with higher mean monthly temperatures, fewer days with frost, higher minimum and

maximum temperatures and significantly longer periods when temperatures are over

5° C and 10° C. At the same time, annual rainfall within the area is among the lowest.

Data series from 1961 to 2003 were recorded in meteorological stations in and

around the Doiran catchment both on the Greece and the FYROM side.

Location with coordinates, altitude and the competent authority for the records,

the time series and the parameters used is presented in Table 2.1.

In addition, on the FYROM side an automatic meteorological station exists at

Mrdaja (operated by AHM, from UNESCO program), in operation since 1996 with

the following parameters: air temperature, relative humidity, wind velocity, wind

direction, solar radiation, precipitation and barometric pressure, with data logger. Data

are available from AHM. Besides these, there are also several rain gauges within the

catchment area. Their monitoring, however, has not been regular over the last several

years and gaps in data are present.
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Table 2.1. Meteorological stations in the study area

Station Location Altitude Authority Time Series Parameters

Doirani 22�46' 41�11' - Min. Env.* 1987-1993

2001-2003

Temperature, rainfall

Ano

Theodoraki

23o 00' 41o 10' 480 Min. Agr.** 1980-2003 Temperature, rainfall

Evzoni 22o 33' 41o 06' 90 Min. Env.* 1980-2000 Rainfall

Megali

Sterna

22o 44' 41o 05' 125 Min. Env.* 1980-2000 Rainfall

Nov Doiran - - - Mun.Star

Doiran***

1961-2000 Temperature, relative hu-

midity, wind velocity and

direction, solar radiation,

precipitation, barometric

pressure

* Ministry of Environment, Physical Planning and Public Works (Greece)
** Ministry of Rural Development and Food (Greece)
*** Municipality of Star Doiran (FYROM)

2.1.1.1. Rainfall

Monthly precipitation at weather stations of Doirani, Ano Theodoraki, Evzoni,

Megali Sterna and Nov Doiran are presented in Fig. 2.1. Available data cover the

period 1987 – 1993 and 2001-2003 for Doirani Station, 1980-2003 for Ano

Theodoraki, 1980-2000 for Evzoni and Megali Sterna and 1961-2000 for Nov Doiran.

Mean annual precipitation at the Doirani Weather Station was 569 mm, 443 mm

at Ano Theodoraki, 486 mm at Evzoni, 525 mm at Megali Sterna and 612 mm at Nov

Doiran. Summer rainfalls are of a torrential nature. Meteorological and climatological

investigations show the Doiran catchment area to have a sunny, dry and hot summer

period, with mild winters.

The highest mean monthly rainfall was recorded in December (83 mm, 14.6 %)

and April (74 mm, 13%) at Doirani weather station. The mean monthly highest

rainfall was recorded in May and November (51 mm, 11.55%) at Ano Theodoraki,

and on November at Evzoni (72 mm, 15%), Megali Sterna (75 mm, 14.25%) and Nov

Doiran (85.5 mm, 14%). The driest month is September at Doirani (23.6 mm, 4%),

Megali Sterna (18.6 mm 3.54%) and Nov Doiran (32 mm, 5.2%) while July is the



9

driest month at Ano Theodoraki (23.4 mm, 5.3%) and August at Evzoni (20 mm

4.2%).

For the station of Nov Doiran, it should be mentioned that the hydrological years

2001/2002 and 2003/2004 were wet years, and this may improve the reported

averages.

Monthly and annual precipitation records are presented in Tables I.1 to I.5 of

Annex I.

Figure 2.1. Mean monthly precipitation (mm) at weather stations of Doirani, Ano

Theodoraki, Evzoni, Megali Sterna and Nov Doiran

2.1.1.2. Temperature

Mean monthly temperatures at Doirani weather station for the period between

1987 – 1993 and 2001-2003, Ano Theodoraki (1985-2003) and Nov Doiran (1961-

2000) are presented in Table 2.2. A complete table of mean monthly temperatures at

weather stations is presented in Tables I.6 to I.8 of Annex I.
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Table 2.2. Mean monthly temperatures (�C) at weather stations of Doirani, Ano

Theodoraki and Nov Doiran

Station Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean

Annual

Mean monthly temperature (oC)

Doirani 4.5 6.2 9.1 12.9 17.4 22.5 21.8 26.1 21.8 16.1 9.3 5.2 14.4

Ano Theodoraki 3.8 4.9 7.4 11.1 16.7 21.4 23.8 24.0 19.9 14.5 8.7 4.9 13.4

Nov Doiran 3.7 5.4 8.3 13.1 18.1 22.5 24.9 24.5 20.7 15.3 9.6 5.3 14.3

The average annual air temperature at Nov Doiran is 14.3° C, at Doirani is 14.4°

C and the Ano Theodoraki station is 13.4° C. The hottest months of the year are July

and August with a mean of 24.9° C and 26.1° C respectively; and the coldest is

January with 3.7° C.

2.1.1.3. Relative humidity

The mean relative humidity varies over the wider region from between 69 % in

Valandovo to 71 % in Gevgelija. In the summer months in Nov Doiran, the mean

relative humidity fluctuates between 59 % and 64 %, while in the winter, it averages

between 78 % and 79 % (Table 2.3).

Table 2.3. Mean monthly relative humidity (%) at Nov Doiran (1961 - 1990)

Month

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean

Annual

Nov Doiran 78.86 78.04 76.32 70.86 68.70 63.79 58.43 60.14 64.70 73.48 79.14 79.21 70.97

2.1.1.4. Winds and wind speed

Winds blow predominantly from the north and northwest. The average wind

speed at Nov Doiran is 1.9 m/s. The strongest winds observed in Nov Doiran (10 on

the Beaufort scale) occur from the prevailing direction (Table 2.4).
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Table 2.4. Mean monthly wind speed (m/s) at Nov Doiran (1961 - 1990)

Month

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean

Annual

Nov Doiran 2.46 2.26 1.89 1.72 1.37 1.74 1.78 1.41 1.40 1.46 2.22 2.49 1.85

2.1.1.5. Sunlight

The region has a very high number of sunshine hours. Accordingly, the average

cloudiness value is relatively low. Cloudiness is highest during the period November-

March, with the maximum in January.

The cloudiness determination in the region is calculated based upon the

geographical longitude. The yearly average cloudiness value is 4.6 on a 10-point

scale, with the minimum of 2.3-2.4 occurring in summer months and the maximum of

5.8 in the winter. Additional data are presented in Table 2.5.

Table 2.5. Sunshine duration, mean monthly cloudiness, number of sunny and

cloudy days and solar radiation in Nov Doiran (1961-2000)

Month

Measure Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann.

Cloudiness (N)
(10-point scale)

5.8 5.7 5.7 5.1 4.7 4.5 2.3 2.4 2.9 4.5 5.6 5.8
4.6

(avg.)
Sunshine
duration (hours)

3.20 3.95 4.80 6.46 8.00 9.56 10.76 10.09 7.97 5.52 3.62 3.08
6.42

(avg.)
Total sunshine
(hours)

99.3 110.5 148.7 193.9 247.9 286.9 333.5 312.7 239.0 171.0 108.5 95.3 2,347.0

Number of
sunny days

9 7 7 8 8 11 18 17 16 11 8 8 130

Number of
partly cloudy
days

10 10 12 13 16 15 11 12 11 11 10 11 141

Number of
cloudy days
(N>8.1)

12 11 11 9 7 3 2 2 4 8 12 12 96

Sum of solar
radiation
(MJ/m2)

189.1 238.0 378.0 513.0 651.0 723.0 781.2 697.2 510.0 341.0 204.0 167.4 5,393.2

The sum total for annual solar radiation is 5,393.2 MJ/m2. Solar radiation

amounts are calculated by using sunshine duration measurements from the Campbell-
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Stocks heliograph. The total annual number of sunshine hours is 2,347.0 and is one of

the highest in the FYROM.

2.1.1.6. Evapotranspiration

Direct measurements of evaporation using an evaporation pan are not available

in both countries. Based upon existing meteorological and climatological data,

however, different authors have attempted to assess and calculate it using various

formulas. Calculations for evaporation from a free water surface (Eo) vary from about

1,050 mm/year up to more than 1,400 mm/year (GTZ - Identification of Lake Doiran).

For the Lake Doiran area, Ristevski estimates the potential evapotranspiration at

1,044 mm/year. The data used for calculation and the results based on the Penmann-

Monteith formula are presented in Table 2.6.

Table 2.6. Potential evapotranspiration (Penmann-Monteith method)

Month

Measure Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann.

Tmax (°C) 6.6 8.9 12.7 18.4 23.7 27.4 30.9 30.2 26.4 19.6 13.1 8.3
18.9

(avg.)

Tmin (°C ) 0.6 1.9 4.6 8.6 13.1 16.9 19.1 18.7 16.0 11.4 6.7 2.4
10.0

(avg.)

Wind (m/s) 2.5 2.3 1.9 1.7 1.4 1.7 1.8 1.4 1.4 1.5 2.2 2.5
1.9

(avg.)

Rh (relative

humidity [%])
79 78 76 71 69 64 58 60 65 73 79 79

71

(avg.)

Sunshine (hours) 99.3 110.5 148.7 193.9 247.9 286.9 333.5 312.7 239.0 171.0 108.5 95.3 2,347.0

Sum of solar

radiation

(MJ/m2/month)

189.1 238.0 378.0 513.0 651.0 723.0 781.2 697.2 510.0 341.0 204.0 167.4 5,393.2

Potential

evapotranspiration

(mm) Penmann

26.4 33.0 55.8 87.9 123.7 153.3 180.7 151.9 103.2 59.2 33.6 35.3 1,044.0
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Lake Doiran is fed by direct rainfall, inflow from intermittent streams and

groundwater infiltration. A quantitative analysis (including modelling of surface flow

and evaporation from the lake surface) is not known to have been attempted within

the FYROM.

2.1.1.7. Type of climate

The method of Lang – Gracamin based on the Lang draught coefficient was

used to determine climate type (Trewartha and Horn 1980). The draught coefficient is

calculated from the ratio of mean monthly rainfall (mm) to the corresponding mean

monthly temperature (oC).

First the draught coefficient (Table 2.7) was calculated from the values of tables

I.5 and I.8 of the Annex I and then the climatic type for each month was determined

(Table 2.9) based on the classes of Table 2.8. Rainfall and temperature values come

from the weather station of Nov Doiran.

Table 2.7. Lang draught coefficient at Nov Doiran weather station

Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Non Dec

Rainfall (mm) 44.1 53.0 52.5 53.5 58.1 44.1 35.7 34.5 32.0 54.6 85.5 64.5

Temp. (oC) 3.7 5.4 8.3 13.1 18.1 22.5 24.9 24.5 20.7 15.3 9.6 5.3

Lang coeff. 12.0 9.9 6.3 4.1 3.2 2.0 1.4 1.4 1.5 3.6 8.9 12.2

Table 2.8. Climate type according to the Lang draught coefficient

Lang draught coefficient Climate type

< 1.8 Very arid

1.8 – 3.4 Arid

3.5 – 5.0 Sub-arid

5.1 – 8.3 Sub-humid

8.4 – 13.3 Humid

> 13.3 Very humid
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Table 2.9. Climate type determination at Nov Doiran weather station

Month Lang coeff. Climate type�

January 12.0 Humid

February 9.9 Humid

March 6.3 Sub-humid

April 4.1 Sub-arid

May 3.2 Arid

June 2.0 Arid

July 1.4 Very arid

August 1.4 Very arid

September 1.5 Very arid

October 3.6 Sub-Arid

November 8.9 Humid

December 12.2 Humid

The driest period of the year is between June and September (Fig. 2.2).

Figure 2.2. Rainfall-temperature variation at the weather station of Nov Doiran
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2.1.2. Geology - Geomorphology

2.1.2.1. Geological features

Lake Doiran is located at the boundary between two tectonic blocks. The older

of the two, situated on the lake’s north-eastern side, consists of metamorphic rocks

and granites of the massif containing Belles/Belasitsa Mountain. The other is the

Axios/Vardar River zone on the south-western side. The boundary between the two

massifs lies along the eastern and north-eastern portions of Lake Doiran.

The lake was formed in a karstic basin created by a combination of Tertiary

volcanic and tectonic activity. The basin itself represents a remnant of the vast Plio-

Pleistocene Peonic Lake, which was three times larger and ten times deeper than the

present lake. The sediments of the Doiran Basin are largely composed of mineral-rich

ancient alluvial and limnetic materials and have been extensively used for cultivation.

The east and south part of the basin consists of rocks of the Vertiskos Formation

that represent the crystalline bedrock. The stratigraphic sequence of the bedrock

consists of bi-mica gneiss, amphibole shales and amphibolites. At some sites, there

were observed interpolations of peridotites (Amarantas area) and Paleozoic marbles

(Myriophytos area).

The geomorphology of the north part of the basin is characterized by a ragged

relief. This is caused by the presence of the intense tectonism at the crystalline rocks

of mountain Beles. At the southern part, the relief is more gentle and hilly and

successively it is becoming more flat. At Myriophytos area and at the west part of

mountain Beles, there are found Mesozoic bi-mica granites (gneiss-granites).

The largest part of the western and southern side of the basin consists of

geologic formations of Perirodopiki Zone. It is the portion that belongs to the western

margin of Servomacedonian Massif with Perirodopiki Zone. There, appear light

metamorphic rocks that represent the sedimentation that occurred between the end of

the Permian geologic time period and the beginning of the Triassic period. These are

meta-clastic sediments, meta-carbonate sediments and volcanic sedimentary rocks

which belong to the Unit of Melisohorion-Holomontas. More precisely, the south part

of the basin consists of the volcanic-sedimentary series of Mettalikon. The series

consists of sandstones, conglomerates, cherts, quarzites and calc-schists, with
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interpolations of diabases, dolerites and microlithic igneous rocks, while at the upper

horizons consists only of limestones. The west part of the basin is covered by the

crystalline rocks of the Unit of Megali Sterna. There one finds marbles and

recrystallized limestones with insertions of graphitic phyllites and phyllitic schists.

The upper horizon of the west and south side of the basin is covered by flysch, which

has turbid successions of Late Mesozoic meta-sediments (sandstones, marls and

limestone layers). This is the “Svoula Flysch”, which is the most important formation

of Perirodopiki Zone.

The recent Tertiary and Quaternary formations of the basin consist of volcanic

rocks of Upper Pliocene-Late Pleistocene age and of sedimentary deposits of

Pleistocene-Holocene age. More precisely, debris-cone and slide rocks of Pleistocene

are detected at the edge of mountain Beles. The largest part of the flat area of the

basin is covered by Pleistocene alluvial deposits (clay, sand, sandy clay gravels and

pebbles). More recent fluvial deposits with sand, pebbles, gravels and clay cover the

riverbeds (Holocene). The shoreline of the lake is covered by Holocene limnetic

sediments (mud, clay and sand).

The tectonic action of the Servomacedonian Massif occurred between Paleozoic

Era and Upper Mesozoic Era (Cretaceous). It happened with the development of folds

which contributed to the formation of imbrications to the rocks, the creation of local

and large obductions, as well as an inversion of the geologic layers at the west margin

of the zone and their final deposition over the younger Perm-Triassic meta-sediments

of Perirodopiki Zone. The basic paleogeographic and geotectonic importance of

Perirodopiki Zone is that during the geologic period of Jurassic, this zone was the

continental declive of the Greek Inland and mainly of the Sevomacedonian Massif.

The declive resulted to a deep peripheral trough, which was the location of the ocean

subduction of Axios Zone under the European continental plate, the margin of which

consisted of the Servomacedonean and Rodope Massif. The rocks of Perirodopiki

Zone appear slightly metamorphic. The metamorphism facies (Greenschist facies)

took place at the Upper Jurassic-Late Cretaceous. The tectonism in Perirodopiki

consisted primarily of two facies of folds that happened during Mesozoic and Tertiary

correspondingly. The rupture tectonics that followed (Upper Tertiary and Quaternary)

evoked to a formation of a graben (taphrogenesis). As a result of this late rupture

tectonics at the Upper Tertiary was the formation of the tectonic trench of Doiran. The

trench was filled with Quaternary sediments and water and resulted in Lake Doiran.
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2.1.2.2. Seismic activity and earthquake hazard

The Doiran region lies in a particularly active seismic area. In the last century,

disastrous earthquakes occurred in the Strumitsa seismic zone (1904 - epicentre near

Pehchevo-Kresna) and in the Vardar seismic zone (1931 - epicentre near Valandovo;

1895 and 1990 - epicentre near Gevgelija-Gumenitsa; and 1905, 1909 and 1972 -

epicentre near Doiran-Kukus).

For the region of Lake Doiran, the earthquake hazard has been calculated to

experience a maximum basal acceleration of 0.4 g once in 200 years and 0.50-0.55 g

once every 1,000 years. Doiran may expect an earthquake with an intensity of IX on

the MSK-64 scale once every 1,000 years.

2.1.2.3. Summary of hydro-geological investigations

There is currently no hydro-geological profile available clearly showing a direct

connection between the groundwater and the lake. Within FYROM, one aquifer near

the north and north-eastern shoreline areas is significant. This is a small portion of the

catchment area where permeable sediments predominate and which contains a

shallow groundwater table flowing by gravity towards the lake. This same sort of

narrow sediment belt continues around the entire western shore of the lake. Farther to

the west is a zone of an impermeable rock (phyllite). In this part of Lake Doiran, there

is no subsurface water and there is no connection with the waters of the lake.

Based on geologic and tectonic characteristics, both permeable and impermeable

rocks may be distinguished within the catchment area. Schist formations are generally

impermeable; however, there are permeable layers of thin carbonate schists near the

lake between Star and Nov Doiran. This latter zone is water bearing, with a capacity

of 3-4 l/s. The water from this aquifer is captured for the drinking water supply of Star

Doiran.

To the west of this area is a zone of marbled carbonate. This zone lies in the

region extending from Vladaja (to the north) to a point west of Nov Doiran,

continuing towards Toplets and then to the peak of Gurangja [502 m msl (PC

reference point)]. It extends farther toward Canakli and Kosturino on the Valandovo-

Strumitsa road. The zone is aquiferous, the capacity depending upon the level of
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karstification. The drilling investigation executed in 1976 (near Deribas, close to Star

Doiran), showed that the porosity of the marble layers is highest at a depth of between

80 and 120 m. It was concluded that the observed karstification is deeper than the

bottom of Lake Doiran. In 1976, near Deribas, two wells with a total capacity of 50 l/s

were drilled. These wells now supply water to Nov and Star Doiran. The water

temperature of the two wells is 21° C, while the water emanating from springs near

Toplets is 26° C. This indicates a hydrologic connection with the geo-thermal waters

of the karstic marble zone.

This marble zone, extending from Vladaja on the Greek border towards

Plaskovats-Toplets-Gjokceli-Memeshti and Kosturino, is situated between two schist

aquitards. Such a water-bearing zone sandwiched between two slowly permeable rock

structures behaves as an underground canal filled with groundwater. Water flows out

from this zone in considerable quantities and appears as springs near the village of

Canakli in the Anska River basin. Larger underground discharges used to exist close

to Toplets spring, as well as near Deribas and Vladaja.

2.1.2.4. Permeable rock types and their hydro-geological characteristics -

aquifers

Within FYROM, permeable rock formations may be generally classified into

three groups:

Unconnected Quarternary sediments are situated to the north-northwest of the

lakeshore. In this area, a connection between the waters of the lake and the

groundwater table is present. The permeability varies from poor in the proluvial-

dilluvial part (k < 1.0 x 10-4 cm/s) to medium in the proluvium and lake sediments

(k > 1.0 x 10-4 m/s).

Solid and green rocks, well-fractured in the surface layer (20-25 m), are present in

the north-western to northern part of the lake’s catchment area. The permeability

varies widely from location to location (k = 1.0 x 10-3 to 1.0 x 10-6 m/s). Springs

with small discharges (Q < 0.2 l/s) are often present.

Limestone rocks on the western shore of the lake extend north-south in the

direction of the main tectonic lines. The most significant are the various marbles,
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with the calcified schists being of lesser importance. Within the marble zones, the

highest permeability has been noted in the area between Asanli and Toplets, as

well as west from Star Doiran near Dedrishte. Springs are rare in the marble zones

and are characterized by large seasonal variations (Q = 1-10 l/s), with well

discharges of 5-20 l/s.

With respect to hydro-geological characteristics, the following aquifers and

hydro-geological features can be distinguished:

Aquifers in lake sediments. This category of aquifer consists of two types: shallow

aquifers (30-40 m thick) with their free water surface connected with the water

level in the lake and deeper aquifers existing under pressure (artesian). In the

shallow zone, water is being captured for the water supplies of the villages of

Nikolich (6 l/s) and Mrdaja (2.5 l/s). The water from this aquifer drains into the

lake.

Aquifers in proluvial sediments. Located near Asanlisko Plain, the water level in

this aquifer depends partly upon the discharges of the aquifers located upslope

(karstic breaks) and partly upon the water level within the lake. A group of wells

on this aquifer with 3-8 l/s discharge is being used to provide local water supply.

The total yield of Asanlisko Plain is estimated at 25 l/s.

Aquifers in the marble zone. These are the most favourable and most significant

water supply resources in the region. The broken marble formations near

Asanlisko Plain, Toplets, Deribas and Valdaja belong to this group. The region of

Toplets contains thermal springs.

Within Greece, from the aspect of hydro-lithology, four main units are met at

the study area:

Formations of significant permeability: These are formations of debris-cone and

colluvial deposits of torrent origin, from coarse material (pebbles, gravels, coarse-

grain sands) that cover the north part of the basin at the margins of mountain

Beles. The existing drills give discharges of Q=15-120 m3/h and specific

discharge q=0,25-7,6 m2/h.

Formations of small to moderate permeability: At this category belong the lake

deposits, which cover the central part of the lake and consist of fine sediments
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(mud, clays, sandy clays, sands). The existing drills give discharges of Q=15-50

m3/h and specific discharge q=22 m2/h.

Formations of fluctuating permeability: Their permeability fluctuates between

low and high values. Consists of the alluvial terrestrial deposits and the system of

river terraces, that cover the south and east part of the basin. They consist of

pebbles, gravels, sands, clays, clay-sands and conglomerates. The existing drills

give discharges of Q=15-80 m3/h and specific discharge q=4 m2/h.

Crackled formations: They have incidental porosity, due to faults or potholes

that are formed inside them. At this unit are met impervious formations of

Vertiskos Series (gneiss and amphibolites), granites, peridotites, phyllites,

volcanic-sedimental series of Metallikos and marbles. These formations are

practically impervious, except the marbles at the area of Myriofytos, which do

not have any hydrogeological interest, due to their limited occurrence.

2.1.2.5. Groundwater monitoring and data collection

In both countries no data are available indicating a program of continuous

groundwater monitoring. Groundwater observations appear to be limited to individual

studies.

2.1.2.6. Assessment of groundwater depletion and pollution problems

As mentioned previously, local aquifers are independent of the lake level. There

is no information available indicating any groundwater depletion or pollution.
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2.1.3. Hydrology

2.1.3.1. Water budget

2.1.3.1.1. Characteristics of the Lake Doiran catchment area

The catchment area and the lake itself are shared between Greece and FYROM.

Based on Greek data, the total catchment area is 276.3 km2 (Fig. 2.3) of which 84.5 or

31 % is within FYROM and the remaining 191.8 or 69 % in Greece.

Figure 2.3. The catchment area of Lake Doiran

The lake covers about 39.9 km2; the absolute altitude above sea level, of the

water surface of this area is 148 m. The lowest point of the lake bottom is at absolute

altitude above sea level 138 m (lake digital elevation model Fig. 2.4.). About 24.2 km2

is in FYROM territory and the remaining 15.7 km2 in Greek territory.
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Figure 2.4. Digital elevation model of the Lake Doiran catchment

In the Greek part of the lake catchment there are three reservoirs, which supply

irrigation water to the surrounding cultivations:

Reservoir Kato Sourmenon: Capacity 130,000 m3.

Reservoir Ano Sourmenon: Capacity 30,000 m3, from which 120 ha are

irrigated.

Reservoir Agias Paraskevis: Capacity 10,000 m3, from which 60 ha are

irrigated.

2.1.3.1.2. Physical features of Lake Doiran

Lake Doiran is located at the lowest part of the topographic depression bounded

by Belles/Belasitsa Mountain on the north and Krousia/Krusa Mountain on the

southeast. It is a closed hydrological basin, since the bottom of the artificial channel

that was built to carry away the overflow from the lake is at present considerably
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higher than the level of the lake’s water surface. This channel was built in 1965-66 in

order to maintain the maximum water level of the lake at 146 (PH reference point) or

147.34 m (PC reference point). Excess water was diverted via the channel to the

Doiranitis River and then into the Axios/Vardar River.

The lake is very shallow, with its bottom being generally situated at 138.0 m

msl. In contrast to its former depth of 10 m, after the recent reduction of the water

level, the depth of the lake in 2001-2002 was only 4 m. The lake’s shallow depth

increases the immediate danger should there be a further lowering of the water level.

The relief of the catchment and the ground gradient, which is 19.5%, influence

the time of excess rain concentration. The mean gradient of the catchment was

calculated from the DEM.

The network of rivers/streams within the catchment area of FYROM is not

dense. This is due to the relatively small area of the basin and the local geology. The

network of watercourses is denser on the Greek side, especially in the north-eastern

part of the catchment area. The main watercourse, Oga Sujy (or Breska River), is

located there, with a drainage basin of 93.4 km2 (according to the FYROM data). The

river collects all the streams that drain the southern side of Belles/Belasitsa Mountain,

as well as the river Kavakalaris, which itself has a catchment area of 21 km2. These

rivers, due to their relatively large drainage basins (including Belles/Belasitsa

Mountain), are the main sources of water flowing into Lake Doiran.

In FYROM, the Lake Doiran drainage basin consists of 26 smaller catchment

areas for streams and intermittent watercourses. The most significant are the Crni

Potok (with a catchment area of 6.44 km2), Pazarli Dere (with 5.18 km2), Suva River

(with 6.85 km2) and the Derven Rama mountain creek (with 15.5 km2).

A dense hydrological network on the Greek side (Fig. 2.5) drains into the lake

all water from Belles/Belasitsa Mountain (north part of the catchment) and the

surrounding area (Nikolaidis et al. 2001).
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Figure 2.5. The hydrographic network of Lake Doiran catchment area

In 1991, the Water Development Institute of the FYROM surveyed the lake

bottom and shoreline areas of the FYROM part with an echo-sounder and tachymeter,

respectively. The information from this survey, combined with the data concerning

the Greek part of the lake bottom, has been digitized by the Ministry of Agriculture,

Forestry and Water Management of FYROM (Durnev and Lazarevski 2001).

During the period 1951 to 1994/95, according to the measurements done by

AHM, the water level in the lake varied between 148.04 and 142.01 m msl (PC

reference point), an interval of 6.03 m. This fluctuation caused the lake’s water

surface to vary between 42.7 km2 and 31.1 km2. More significant, however, is the

associated reduction in water volume of 226.4 x 106 m3, or 74 % of the lake’s total

volume at the maximum-recorded water level.

In 2001, Lake Doiran was at a critical state, with the water level fluctuating

around an elevation of 142.5 m msl (PC reference point); the corresponding water
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volume was approximately 95 x 106 m3. This created the concern that the lake’s

ecosystem might be seriously affected.

Figures 2.6 and 2.7, present: a) the correlation of the absolute altitude of the

lake surface and the stored water volume (Fig. 2.6) and b) the correlation of the

absolute altitude of the lake surface and the flooded area (Fig 2.7), according to the

constructed by EKBY Digital Elevation Model (DEM).
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Figure 2.6. Correlation of the absolute altitude of the lake surface and the stored

water volume
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area

2.1.3.1.3. Historic seasonal water level variations

Data regarding the mean annual absolute altitude of water surface of the Lake

Doiran for the period 1961-1983 are available only from FYROM (Fig.2.8). Since

1984 data are also available from both countries (Fig. 2.9). The zero point of the

gauge is at elevation 144.93 m msl (PC reference point). The mean annual absolute

altitude of the lake surface decreased from the early 60’s until mid 80’s (Fig. 2.8).
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Figure 2.8. Mean annual absolute altitude of water surface (m) of Doiran Lake f�r the

period 1961 to 1983 (data from FYROM)

According to the above data (Fig 2.8), the water level has been over the agreed

maximum level of 146 m (PH reference point) or 147.33 m msl (PC reference point)

only once for a few months during 1963, while during the last five months of 1968

and January 1969, it was under the agreed minimum level of 144.8 m (PH reference

point) or 146.14 m msl (PC reference point). Subsequently, the water level remained

within the agreed limits until September 1975. However, for the following two years

it fluctuated about the agreed minimum level ± 20 cm. From August 1977 until

January 1983, the water level fluctuated under the agreed minimum level, with the

lowest point of 145.41 m (PC reference point) occurring in October-November 1979.

The decrease in the mean annual absolute altitude of the lake surface reveals a

constant decrease in the lake water surface for the last 20 years (Fig 2.9) (Topography

Service, Prefecture of Kilkis 2004 and FYROM data).
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Trend line (FYROM)
y = -0.3043x + 750.26

R2 = 0.9327

Trend line (Greece)
y = -0.3016x + 743.82
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Figure 2.9. Mean annual absolute altitude of water surface (m) of Lake Doiran for the

years 1984 to 2003 (data from Greece and FYROM)

To calculate a) the mean annual water volume in the lake and b) the mean

annual water balance deficit (Table 2.10) we used the equation y = -0.3016 x + 743.82

(which describes the mean annual decrease in the water level for the period 1984 to

2003 according to the Greek data) and the correlation of water surface and water

volume (Fig.2.6). The results of the calculations are presented in Table 2.10.

According to this table, the mean annual water deficit for the years 1984 – 2003, is

5.73 x 106 m3.
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Table 2.10. Mean annual water deficit in Lake Doiran, based on the decrease trend of

the water level

Year Mean annual
water level (m) Vlake (m3) Mean annual water

deficit (m3)

1984 145.45 1.1388 x 108

1985 145.14 1.0546 x 108 -8.42 x 106

1986 144.84 9.7336 x 107 -8.12 x 106

1987 144.54 8.9497 x 107 -7.84 x 106

1988 144.24 8.1947 x 107 -7.55 x 106

1989 143.94 7.4691 x 107 -7.26 x 106

1990 143.64 6.7722 x 107 -6.97 x 106

1991 143.33 6.083 x 107 -6.89 x 106

1992 143.03 5.448 x 107 -6.35 x 106

1993 142.73 4.845 x 107 -6.03 x 106

1994 142.43 4.273 x 107 -5.72 x 106

1995 142.13 3.730 x 107 -5.42 x 106

1996 141.83 3.219 x 107 -5.12 x 106

1997 141.52 2.721 x 107 -4.97 x 106

1998 141.22 2.2710 x 107 -4.50 x 106

1999 140.92 1.8507 x 107 -4.20 x 106

2000 140.62 1.4614 x 107 -3.89 x 106

2001 140.32 1.1046 x 107 -3.57 x 106

2002 140.02 7.8452 x 106 -3.20 x 106

2003 139.72 5.0758 x 106 -2.77 x 106

Average -5.73 x 106

According to the data coming from both sides, during the period 1983-1987, the

water level generally fluctuated above the agreed minimum level, except for few

months in 1985 and 1986. In June 1986, the recorded level was above the agreed

minimum for the last time. Since then, the water level has been continually dropping,

reaching the minimum level of 140.32 m (PH reference point) or 141.76 m msl (PC

reference point) in November 2000 (for the period 1961-2000). A minor exception to

this trend occurred during 1996, when the water level increased to 141.83 m (PH

reference point) or 143.28 m msl (PC reference point).

Tables II1 and II2 of Annex ��, include values of mean absolute altitude of lake

water level according to the Topography Service of Kilkis Prefecture and FYRO�

respectively. The constant water level decrease since 1984 resulted in the shrinkage of

the lake area and the exposure of land in the Greek side.
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2.1.3.1.4. Groundwater regime

No known investigations specifically dealing with the groundwater regime in

the Doiran region have been carried out. In the following paragraphs, estimations

based upon data from known regional and local research will be given.

The total exploitable groundwater reserves in the Doiran region have been

estimated to be of the C1 category (about 180 l/s). Of these, about 90 l/s are being

used, or 50 % of the total available reserves in the region. The static groundwater

reserves in the Doiran region have been estimated at about 80 x 10 6 m3.

These groundwater conditions are reflected in:

The direct hydraulic dependency between the aquifer and the lacustrine waters in

the Quaternary sediments. There are some opinions that because of the high

degree of turbidity along the contact shoreline, significant flows of lacustrine

water toward the aquifer are impossible. As a result, capture wells draw water

mostly from the aquifer.

The fact that aquifers in marble zones are not hydraulically directly connected to

the lacustrine waters. This is the result of an impermeable boundary between the

aquifers and the lake. Consequently, the present level of water use from these

aquifers has not had any negative influence upon conditions within the lake.

Based upon previous hydro-geological investigations concerning the

groundwater regime of the Lake Doiran region, according to the current

understanding, the following conclusions can be drawn:

The sustainable abstraction of groundwater from the identified aquifers within the

FYROM part of the lake basin is only a small amount when compared to all other

water losses, which have resulted in the reduction of the lake’s water level.

The renewability of the groundwater reserves in the aquifers located within the

wider Lake Doiran region is totally the result of precipitation.

2.1.3.1.5. Mutual relationship between ground-and lacustrine waters

To date, detailed hydro-geological investigations are not known to have been

carried out. Within FYROM, the aquifer that formed in the permeable, unconsolidated

lithic formations that developed in the north and north-eastern part of the lake is very
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significant. Within these lithic formations, the aquifer possesses a shallow

groundwater table which flows toward the lake. This same formation continues along

the entire western shore of the lake in a narrow belt. It is reasonable to postulate that

the aquifer is in direct hydraulic contact with the lacustrine waters; however, the

degree of contact is uncertain.

It should be possible to examine the relationship between the ground- and lake

waters by means of the existing wells, as well as from additional detailed hydro-

geological exploration in the permeable, unconsolidated lithic formations situated

within both countries. As for the aquifers within carbonate rocks, the hydro-geological

texture of the terrain precludes any hydraulic connection to the lake waters.

Detailed, regional hydro-geological investigations have not been carried out in a

great portion of the Lake Doiran runoff zone. Such data are necessary for any sort of

initiative for the protection of the lake. In the future, analyses and studies of factors

likely to have a significant influence upon the present and future water balance of the

lake, as well as relevant hydro-geological exploration, should be undertaken at a level

sufficient to provide a detailed foundation.

This means that it will be necessary to define all of the hydro-geological, hydro-

dynamic, hydro-technical and hydro-chemical characteristics and parameters of the

water-bearing strata and the groundwater flows. A register of all known groundwater

springs and wells should be made in order to select fixed locations for the collection

of relevant data, which will allow for the design of representative measuring profiles

and the establishment of points for long term monitoring of changes. Reliable data are

needed in order to estimate the mutual influences, which exist between the aquifer and

the lake waters, in both their natural, and anthropogenically altered conditions.

2.1.3.1.6. Groundwater use

Groundwater in FYROM is used for the water supplies of all settlements and

tourist facilities within the Doiran catchment area. It is taken mainly from the north-

eastern aquifer (near the village of Nikolich - Asanlisko Plain). There are also two

groups of wells close to the lake, one at Mrdaja and one at Deribas.

The total annual groundwater recharge capacity within the FYROM part of the

catchment area is estimated to be 5.7 x 106 m3. Of this amount, some 50 % or 2.84 x
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106 m3 is currently being used by all sectors combined. The portion of the

groundwater recharge capacity currently used for irrigation now amounts to only

350,000 m3 per year. After the significant decrease in the lake’s water level during the

last decade, irrigation of the large vineyards in Mrdaja and Nikolich was abandoned.

Drip irrigation was introduced for the remained 46 ha of irrigated lands.

The Greek lowlands adjacent to Lake Doiran (about 2,430 hectares) are irrigated

by means of some 300 groundwater wells [or 270 according to a study for the

development of Lake Doiran (Nikolaidis et al. 2001)]. The estimate for annual

groundwater extraction for irrigation is believed to be approximately 12.2 x 106

m3/year.

2.1.3.1.7. Interaction between surface and groundwater and overall water

balance

Recharge of the lake from groundwater sources within FYROM is very small

compared to the amount of direct precipitation and surface water inflow. The

following pertinent features may be distinguished:

The aquifers within the Quarternary sediments are hydrologically connected to the

lake substrate. Due to intense colmation (i.e., clogging or blocking, resulting in a

reduction in hydraulic properties) of the interface zone, however, subsurface flow

from the lake to any adjacent wells is obstructed. Therefore, extracted water

comes only from the reserves of the aquifers.

The aquifers in the karstic zone do not have any direct hydraulic connection to the

waters of the lake. Consequently, the present level of water use from these

aquifers should have no negative effect on the lake.

In general, both natural and anthropogenic groundwater flow regimes ultimately

serve to replenish the lake. Water used for communal water supply and for agriculture

also drains back into the lake. The recharge of groundwater reserves, especially in the

karstic region, is mainly from precipitation.
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2.1.3.2. Water quality

Unlike other lakes in Greece, little data is available on the water quality of Lake

Doiran. For this study, the data used have been collected beginning with the year 1928

(Stankovic 1931), and continuing through 2001 (Smith & Petkovski) for the side of

FYROM. A summary of all collected data is presented in Table 2.11. On the Greek

side, water quality is monitored by services of the Ministry of Rural Development and

Food (1984-2003). In particular, the following are being monitored in the lake water:

pH, conductivity, nutrients and dissolved oxygen (Figs. 2.11 to 2.16).

Lake Doiran has long been characterised as a eutrophic natural lake (Stankovic

1931). Recent events, however, particularly the decline in water level due to a

prolonged dry period and anthropogenic impacts, have begun to accelerate the lake

toward a greater eutrophic state. From before 1952 to about 1988, the lake’s water

level generally fluctuated according to precipitation (Figure 2.10). Since 1988,

however, the water level has been steadily declining (at least until 2000).

According to Andrejevik (1998, data from Nov Doiran station), this is due

partly to large water abstractions by Greece. On the other hand, Hatzigiannakis (1993)

reported that the drop in water level was observed in other lakes too of the wider area

and was caused by the extended drought which started in 1988 (also reflected in the

lowering of the discharge of rivers and streams) and not to the increase in the water

abstractions by Greece, since the irrigated areas did not change. In order to clarify this

issue a detailed hydrogeological study is needed.
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Figure 2.10. Relationship between rainfall and water level in Lake Doiran (1952-

2000)

The reduction in water volume has resulted in an increase in the concentrations

of a number of dissolved inorganic chemical constituents within the lake waters, as

well as the accumulation of dead organic matter (Stojanovski and Krstic 1995, Smith

and Petkovski 2001). The recent marked increases in levels of chloride, sulfate and

total hardness are particularly indicative of those processes, which are serving to

concentrate these substances. It has been suggested that the relative increase in

nutrients has resulted in drastic changes in the phytoplankton community, including

the disappearance of certain species and the over-production of others (Stojanovski et

al. 1997). At the same time, increased microbial decomposition of organic matter has

apparently resulted in oxygen depletions near the lake bottom, causing a decline in

benthic species (Stojanovski and Krstic 1995).
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Table 2.11. Summary of selected water chemistry data for Lake Doiran

Surface Water Author

Parameter

Stankovic
(1931)

Petrovic
(1955)

Petrovic
(1966)

Petrovic
(1969)

Popovska-
Stankovic

(1990)

Stojanov
(1975)

Ristov
et al.

(1991)

Griffiths &
Petkovski

(1999)

Griffiths
et al.

(2002)

Popovska-
Stankovic

(2001)

Smith &
Petkovski

(2001)
Dataset 1928-29 1953-54 1953-60 1953-60 1954-56 1971 1974-88 1997 1997 1998 2001
Alkalinity (as mg/l
CaCO3)

161.5-
186.0

150-215 225-240

BOD5 (mg/l) 6.4 * 2.7-4.7 >8.3 * 19.7-22.6 †
Chlorophyll a (µg/l) 55 ‡ >75 ‡
Cl- (mg/l) 22.9 20-24 129
Conductivity
(mS/cm)

0.355-
0.614

1.20 6.33-6.37

Dissolved oxygen
(O2) (mg/l)

12.0
5.87-
13.47

6.5-13.1 8.0-11.2 8-10

Iron (Fe) (mg/l)
0.004-
0.07

0.075-
0.199

0.140-
2.174

NH4
+ (mg/l as N) 0-0.08 0.1-0.3

NO2
- (mg/l as N)

0.001-
0.014

NO3
- (mg/l as N) 0.20 0.004-0.01 0.01-0.05

pH 8.8 8.6 8.25-8.8 8.0-8.8 7.56-8.85 7.5 9.1 9.15-9.64
Secchi disk visibility
(cm)

60 <50

SO4
2- (mg/l) 13.2 20.3-23.0 14.4-38.5 14.4-38.5 73

Temperature (°C)
23.0-26.6
(August)

4-28 0.4-30.1 0-27.6 4.4-27.0
21.5-24.1

(Sept.)
Total hardness (as
mg/l CaCO3)

146-205 324-337

Total phosphorus
(mg/l as P)

0.015-
0.130

* BOD5 and ‡ Chlorophyll a calculated from Secchi disk visibility. † BOD5 calculated from COD. See Boyd 1979.
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On the other hand, as might be expected, parameters such as temperature and

pH have not changed significantly over time. Changes in pH can sometimes result

from photosynthesis by phytoplankton, for example. Due to the high alkalinity of

Lake Doiran, its buffering capacity also tends to be high. Buffers are substances such

as bicarbonates and carbonates – elevated in Lake Doiran due to the underlying

karstic geology – which allow an aquatic system to resist pH changes (Boyd 2000).

Based upon the data in Table 2.11, there are several changes in water quality

which have occurred within the last 50 years that bear mentioning:

Increase in alkalinity from less than 186 to more than 225 mg/l.

Increase in ammonium ion from less than 0.08 (as N) to as much as 0.3 mg/l.

Increase in biochemical oxygen demand (BOD) from stable levels in the 3-6

range to almost 20 mg/l.

Five-fold increase in chloride.

Increase in conductivity from about 0.5 to more than 6 mS/cm.

Three- to five-fold increase in sulfate.

Fifty percent increase in total hardness.

2.1.3.2.1. Major chemical constituents

1) pH

According to data collected from the Greek Ministry of Rural Development and

Food, pH concentration during 1984-2003 varied between 7.2 and 8.9 and the mean

value was 8.2 (Fig. 2.11). Increase in the pH is commonly related to photosynthesis

and to the increase in carbonates, whereas a drop is likely due to phytoplankton decay

and organic substances. pH values collected so far show that the lake water is basic.
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Figure 2.11. pH values in Lake Doiran during 1984-2003

2) Conductivity

According to data collected from the Greek Ministry of Rural Development and

Food, conductivity during 1984-2003 varied between 170 and 1,495 �mhos/cm and

the mean value was 824 �mhos/cm (Fig. 2.12). Conductivity during this period

increased possibly due to substances reentry from the lakebed into the water column

(Mourkidis 1985).

Factors affecting conductivity include local geology, size of the watershed,

other sources of ions (such as wastewater, atmospheric inputs, agricultural runoff, and

urban runoff), rate of evaporation and bacterial metabolism. It is generally true that

the higher the concentration of ions, the higher the conductivity. High conductivity

values are observed in eutrophic lakes (Hutchinson 1975; Boyd 2000; Water on the

Web 2004).
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Figure 2.12. Conductivity variations in Lake Doiran during 1984-2003

According to Griffiths & Petkovski (1999), data for Lake Doiran indicate that

conductivity was approximately 1,200 �mhos/cm during 1997. Data from 2001

(Smith & Petkovski), show that conductivity within the lake has risen to over 6,320

�mhos/cm, or a five-fold increase. This increase, likely a result of the concentration of

dissolved salts through evaporation or the recent inflow of large quantities of fertilizer

runoff, indicates a rapid movement toward a highly eutrophic state.

3) Alkalinity

Alkalinity may be defined as the total concentration of bases in water (expressed

as equivalent calcium carbonate [CaCO3]) (Boyd 1979). Alkalinity is a measure of the

pH buffering capacity of the water, which is very important since the toxicity of many

pollutants is affected by pH. There is also a relationship between alkalinity and carbon

availability, which ultimately affects the productivity of a water body. Waters with

alkalinities in the range of 50-200 mg/l are usually more productive than those with
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values above or below this range (Boyd 2000). If the alkalinity of Lake Doiran

continues to rise as a result of the concentration of the various anionic constituents,

the productivity of the lake will likely fall.

4) Dissolved oxygen

Oxygen content in the water column is related to trophic conditions prevailing

in the lake and can supply information on water uses. Oxygen concentrations in

natural freshwaters fluctuate – sometimes greatly – within a 24-hour period. During

the day, photosynthesis by plants produces oxygen in the photic zone (zone of light

penetration), with maximum dissolved oxygen levels generally occurring during the

afternoon. Respiration by plants and animals, as well as aerobic bacterial

decomposition of organic matter, reduces this somewhat, but production usually

greatly exceeds consumption. At night, respiration and decomposition use up oxygen;

the lowest concentrations of dissolved oxygen in natural freshwaters generally occur

around sunrise (Boyd 1979, 2000).

During the day, most natural surface freshwaters maintain at least 70% oxygen

saturation, with super-saturation often occurring. Depending on the density of

plankton and other aquatic organisms, night time oxygen levels can be reduced to

25% saturation or less, resulting in oxygen stress. In waters with high phytoplankton

levels, during long periods of cloudy weather oxygen consumption can exceed oxygen

production, also causing oxygen stress. In extreme cases, death of aquatic organisms

can occur. Lower levels of dissolved oxygen can be tolerated by fishes if the carbon

dioxide concentration is also low (Boyd 1979).

In the case of Lake Doiran, it is not necessarily surprising to see that dissolved

oxygen levels have not declined as a result of the increased phytoplankton production

and increased rates of decomposition of organic matter. Recent dissolved oxygen

readings have all been taken during the day, when dissolved oxygen concentrations

are highest. In order to determine whether dissolved oxygen stress is occurring in the

aquatic ecosystem, additional summer readings are necessary shortly before sunrise

and during long periods of cloudy weather, if they occur.

During 1984-1995 dissolved oxygen on the Greek side varied between 6.5 and

13.8 mg/l and the mean concentration was 10.8 mg/l.
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Dissolved oxygen plays a key role in the survival of aquatic organisms and it is

widely accepted that below 4.0 mg/l aquatic life is seriously threatened. In the lake

low values as such have never been measured (Fig. 2.13).

Figure 2.13. Dissolved oxygen in the water column of Lake Doiran in the decade

1984-1995

5) Ammonium - Nitrogen

Ammonia (NH3) in natural freshwaters is in an equilibrium state with

ammonium ion (NH4
+) and cannot be measured directly. The actual proportion of one

to the other is determined by pH and, to a lesser extent, temperature. In general, as pH

and temperature increase, the proportion of NH3 also increases (Boyd 1979). This

relationship is very important, because NH3 is toxic to aquatic organisms, while NH4
+

is generally not (Boyd 1979; US Environmental Protection Agency [USEPA] 1998).

Ammonia is used in fertilizer and animal feed production, in cleaning agents, as

a preservative in foods, as a raw material, and in a number of other manufacturing

processes. It is also excreted as waste by various aquatic organisms and is the primary

nitrogenous end product of the bacteriological decomposition of organic matter (so
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can also serve as an indicator of pollution by sewage) (World Health Organisation

[WHO] 1993-1998).

In Lake Doiran, very high levels of total ammonia were detected in 2001 (Smith

& Petkovski), probably arising from anaerobic decomposition of elevated quantities

of organic matter, possibly in combination with wastewater entering the lake. Because

the levels detected were above the USEPA chronic mortality standard for natural

freshwaters, deaths of aquatic organisms from ammonia toxicity were expected

(USEPA 1999, 2002). Since the opening of the new Gjavato water replenishment

project, no additional studies have been undertaken in order to determine whether the

ammonia levels are still at a high level.

Ammonia nitrogen on the Greek side varied between 0.034 and 0.580 mg/l and

the mean value for that period was 0.126 mg/l (Fig. 2.14).
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Figure 2.14. Ammonia-nitrogen concentrations over the period 1986-1994

6) Nitrate - Nitrogen

On the Greek side, during 1987-2003 nitrate-nitrogen concentration varied

between 0.62 and 12.8 mg/l and the mean value for this period was 4.62 mg/l. After

2000 an increase has been observed (Fig. 2.15).
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Figure 2.15. Nitrate (mg/l) concentration in Lake Doiran during 1987-2003

7) Nitrite - Nitrogen

On the Greek side, during 1986-1994 nitrite-nitrogen concentration was lower

than 0.032 mg/l (Fig 2.16).
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Figure 2.16. Nitrite (mg/l) concentration in Lake Doiran during 1986-1994

8) Biochemical oxygen demand

Biochemical oxygen demand (BOD) is a measure of the amount of oxygen

consumed by the respiratory processes of organisms within a sample of water

incubated in a dark bottle at a constant temperature for a certain length of time.

Normal determinations are at 20º C for a period of 5 days. The magnitude of BOD

values in natural freshwaters is a function of temperature, density of plankton,

concentration of organic matter, and related factors. BOD is a useful parameter for

evaluating the strength of certain pollutants (for example, sewage) (Boyd 1979).

There are no widely accepted published natural freshwater standards for BOD.

Although the BOD within Lake Doiran has shown a steep rise in recent years, the

definitive cause is still undetermined. Possibilities could include increased inflows of

untreated wastewater (from humans or animals) or the rise in in-situ organic matter

production (for example, from excess phytoplankton productivity).
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9) Chloride

Chloride is a very widely distributed anion in nature, being found as salts of

sodium (NaCl), potassium (KCl) and calcium (CaCl2). Chlorides enter the aquatic

ecosystem through leaching from soil and rocks and through anthropogenic sources,

such as run-off from fertilizer, drainage of irrigation water, animal feeds, septic tank

effluent etc. Because the chloride ion is highly mobile, it is commonly transported to

closed basins (WHO 1993-1998).

Although the level of chloride in Lake Doiran is on the increase, it is currently

well below accepted natural water quality standards for aquatic animals (USEPA

1988, 2002). The elevated chloride value in Lake Doiran is likely the result of

concentration due to lake volume changes; however, increased participation by

fertilizer and irrigation runoff can not be overlooked.

A limited amount of research, however, has shown that certain algae (e.g.,

Spirogyra setiformis) actually are extremely sensitive to chloride. At 71 mg/l, which

is below the level currently present in Lake Doiran, inhibition of growth, chlorophyll,

and fixation of C14 occurs in this species (Shitole & Joshi 1984). On the positive side,

elevated chloride levels have also been shown to protect Decapod crustaceans and

certain Cyprinid species of fishes (especially carp), many of which are present within

Lake Doiran, from experiencing toxic effects from elevated nitrite levels (Boyd &

Tucker 1998).

10) Sulfate

Sulfates occur naturally in the environment, being found in numerous minerals

including barite (BaSO4), epsomite (MgSO4·7H2O) and gypsum (CaSO4·2H2O)

(WHO 1993-1998). Sulfate is also the most common form of sulfur in surface waters

(Boyd 1979), but is usually only a few mg/l except in arid regions, where values of

50-100 mg/l or greater are common (Boyd 2000). Gypsum is a mineral occurring in

sedimentary rocks, which is often found interstratified with limestones and shales

(Leet & Judson 1965). In the past, the FYROM mined gypsum commercially (Steblez

2000). Sulfates are also used in industries and as fertilizers (WHO 1993-1998).
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The marked increase in sulfate levels in the waters of Lake Doiran again points

to the fact that there is an ongoing concentration of salts within the lake. Sulfate is a

very innocuous anion; therefore, no ambient water quality standards are in effect

(USEPA 2002).

11) Total Hardness

Total hardness may be defined as the total concentration of dissolved divalent

cations (expressed as mg/l equivalent calcium carbonate [CaCO3]). Normally,

hardness includes only calcium and magnesium ions, but in certain circumstances it

can also include strontium, iron, manganese and several other metals. Waters

containing high concentrations of these ions are said to be “hard” (WHO 1993-98;

Boyd 2000).

Calcium and magnesium ions in natural freshwaters generally result from local

geology. High concentrations are usually found in areas where limestone is prevalent

or as a consequence of discharges from mining operations (Boyd 2000). The effects of

hardness on aquatic organisms appear to be related to the ions causing the hardness

rather than hardness itself, although it has been shown previously that elevated total

hardness levels can reduce the toxicity of certain metals (USEPA 2002).

Natural inland freshwaters generally have total hardness values of from between

5 and 200 mg/l. Values greatly above 200 mg/l can also be fairly common in arid

areas or in areas where soluble chloride and sulfate salts of calcium and magnesium

are present. Lakes in limestone regions typically have moderate total hardness values

(75-150 mg/l). Total hardness values between 150 and 300 mg/l are considered hard,

and values above 300 mg/l are considered very hard (Boyd 1979; Boyd & Tucker

1998).

Although Lake Doiran’s total hardness level increased about 50 % during the

period 1988 to 2001, there are no widely accepted published natural freshwater

standards for hardness. The main point of these data is to demonstrate that the

concentration of dissolved salts is increasing.
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12) Phosphorus

Although total phosphorus data are generally lacking for Lake Doiran, a

comparison can be made between Petrovic’s (1969) total phosphorus data from 1953-

1960 (0.015-0.130 mg/l as P) and Smith & Petkovski’s soluble orthophosphate data

from 2001 (0.19-0.22 mg/l as P). Since total phosphorus measurements include all

forms, both organic and inorganic species, the soluble orthophosphate readings should

be less than the total phosphorus data. Instead, the reverse is true.

Concentrations of soluble orthophosphate-phosphorus in natural freshwaters are

ordinarily low, usually between 0.005 and 0.02 mg/l. They seldom exceed 0.1 mg/l,

even in highly eutrophic waters. Total phosphorus concentrations in natural

freshwaters generally do not exceed 0.5 mg/l except in eutrophic ecosystems. The

solubility of orthophosphate is chiefly a function of the pH and calcium ion

concentration. As calcium and pH increase, its solubility decreases. There is also an

equilibrium relationship between concentrations of orthophosphate in mud and water

(Boyd 1979, 2000).

Because it is normally limiting, the addition of phosphorus to natural freshwater

systems is often accompanied by increased phytoplankton production. Excessive

phytoplankton production can lead to eutrophication, dissolved oxygen problems,

altered aesthetics of the waterbody, and can impart unpleasant tastes and odours to

water (Hutchinson 1975; Boyd 1979; USEPA 1986). USEPA natural freshwater

standards for total phosphate-phosphorus are designed to control eutrophication and

limit biological plant and animal nuisances. The previous standard for lakes and

reservoirs was 0.025 mg/l (the new standard is based upon eco-regions of the U.S., so

is no longer applicable in Europe). The standard for streams flowing into lakes and

reservoirs was 0.05 mg/l (USEPA 1986). The 2001 orthophosphate-phosphorus

concentrations in Lake Doiran were eight times higher than the total phosphate-

phosphorus standard for lakes and reservoirs, indicating a highly eutrophic system.

Possible reasons for increased levels of phosphorus include urban and agricultural

runoff (detergents, fertilisers etc.) and concentration by evaporation.
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2.1.3.2.2. Point-source pollutants

There are no recorded point-source pollutant discharge points into Lake Doiran

from Greece and FYROM. As has been discussed previously, there may be septic

outfalls, as well as overland flow of irrigation water or pesticide/fertiliser-laden

runoff; however, data is lacking. No heavy industry exists in the vicinity of the lake.

In 2001, Smith & Petkovski discovered elevated levels of several heavy metals

within an inshore sample taken near Nov Doiran. The level of lead was particularly

high (0.030 mg/l) in comparison with the other sample points. These elevated levels

could indicate a source of some sort of pollution and should be examined further.

2.1.3.3. Sediments of the lake

Even less information is available concerning the properties of the lake

sediments than was the case with the lake waters. The collected data have been

compiled and are presented in Table 2.12. The only parameters for which values exist

over time are iron and organic matter. For both of these substances, there do not

appear to have been any changes over the last 50 years.
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Table 2.12. Summary of selected sediment chemistry data for Lake Doiran

Sediment Author
Parameter Petrovic

(1969)
Petrovic
(1965)

Petrovic
(1957)

Stojanov
(2002)

Griffiths &
Petkovski

(1999)
Dataset 1953-60 1954-60 1955 1994 1997
Iron (Fe) (g/kg) 39-51 32 34-60
NO2

- (mg/l as N)
(extracted water)

0.08

Organic matter
(%)

10.5-13.9 10.3-12.2

pH 7.7-9.0
Total phosphorus
(mg/kg as P)

617-888 589.6-888.3

The phosphorus concentration reported by Petrovic (1965, 1969) from data

collected in the 1950s is worth mentioning, however. As discussed previously, there is

an equilibrium relationship between concentrations of orthophosphate in mud and

water. All muds tend to remove inorganic phosphorus from the adjacent waters above,

but adsorption is greater in certain types of muds, including those, which contain

calcium carbonate. Additionally, at higher pH values, many phosphate compounds

become insoluble and form precipitates. In sediments, phosphorus availability is

greatest at pH values between 6 and 7. Although sediment total phosphorus

concentrations generally range from 10-20 up to 3,000-4,000 mg/kg, the phosphorus

is tightly bound and not readily soluble in water (Boyd 1979, 2000).

Phosphorus in sediments serves as a minor phosphorus reserve when levels

within the water column decrease below the equilibrium concentration; however,

phosphorus concentrations at equilibrium are normally low, so such releases back into

the water generally do not have a noticeable effect on phytoplankton production. In

addition, although sediment phosphorus can be a ready source for rooted

macrophytes, it is not generally useful to phytoplankton due to difficulties in its

diffusion from the saturated soil pores and subsequent transport to the photic zone

(Boyd 2000).

In the case of Lake Doiran, the total sediment phosphorus levels given by

Petrovic (1965, 1969) are within the normal range. Unfortunately, the lack of recent

data prevents any correlation between currently observed levels of phosphorus in the

water and those in the sediments. It is likely that sediment phosphorus has increased

substantially since the 1950s.
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2.1.4. Soils

There is little information available concerning the soils of the Lake Doiran

region. Data for soil composition in the study area was drawn from “A study on the

formation of Lake Doiran” (Nikolaidis et al. 2001).

Soils on the lake shore are organic (Nikolaidis et al. 2001) and are formed by the

decomposition of vegetation. In the rest of the catchment the following were

observed:

Acid soils with mud-clay, which came from igneous rocks and cover part of the

north and south area.

Mud-clay soils, which came from hard limestones and marbles. They are found at

the area of Myriophytos.

Alluvial clay soils that cover the north and east part of the study area.

Soils from Tertiary deposits, acid mud-clay, that appear at the east and south part

of the study area.

Acid clay soils from metamorphic rocks that cover a large part of the north part of

the study area.

On the FYROM side, the first widely-known published data was contained in

Stebut’s 1932 general Pedologic Map of Yugoslavia. Stebut identified the soils along

the shoreline of the lake simply as alluvium. The remainder of the steppic Doiran

Plain was considered to be soils of the Gajnjacha type.

Some 24 years later, Vilarov (1956) published a much more detailed analysis of

the soils of the area, an analysis still considered by many to be the best documentation

to-date. Vilarov identified six basic soil types – diluvial, alluvial-diluvial, muddy

alluvial, marsh, smonitsa (black) and terra rossa (srvenitsa) – within the 1,924 ha

Doiran Plain (Figure 2.17). The soils are highly heterogeneous due to such factors as

climate, erosion, underlying geology (i.e., carbonate vs. non-carbonate), lake level

changes, alluvial deposition, etc. in both the past and present. The soils are generally

characterised by low organic matter and low to medium water holding capacity. A

summary of some selected physical and chemical characteristics is presented in Table

2.13.

According to Vilarov (1956), diluvial soils cover approximately 1,118 ha, or

about 58 % of the total area of the FYROM part. They originate primarily as a result
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of erosion from higher elevations due to steep slopes and a lack of vegetative cover,

for example, from tree cutting. The “brownised” subtype of this soil is generally

wetter and has greatly reduced permeability below about 30-40 cm.

The alluvial-diluvial soils (153 ha, 8 % of the total area) are somewhat wetter

than the diluvial soils. These soils exhibit shrinking and swelling properties which are

influenced by soil moisture content. This results in surface cracking during dry

weather. The upper surface is grey in colour, while the deeper horizons are reddish

due to the transport of eroded red soils from higher elevations (Vilarov 1956).

Figure 2.17. Pedologic Map of the Doiran Plain (adapted from Vilarov [1956])

The muddy alluvial soils (132 ha, 7 % of the total area) are composed of a mixture of

river alluvium (60 %) and marsh/lake alluvium (40 %), which can not be clearly

differentiated. Although both of these subtypes consist of deep soils, the river

alluvium has a sandy texture, while the marsh/lake alluvium is more loamy. The

marsh/lake alluvium is generally the wetter of the two subtypes and is present in areas
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of micro-relief. It can be used for agricultural purposes only in late spring and summer

due to excessive wetness. In addition, west of the lake, marsh/lake alluvium is high in

carbonates, while north of the lake, the carbonate percentage is low (Vilarov 1956).

Table 2.13. Physical and chemical properties of soils (upper 60 cm) in the Doiran

Plain

Type/Subtype Texture Color Humus
(%) pH

Calcium
(Ca)

(g/100 g)

Available
Potassium

(K)
(mg/100 g)

Diluvial

Carbonate Loamy sand
to loam

Light to dark
grey 1.03-3.13 7.43-7.98 0.60-10.64 3.61-13.51

Non-carbonate Loamy sand
to loam

Yellow to
yellow-grey 0.87-4.86 5.89-7.73 0-0.13 2.96-29.33

“Brownised” Loam to silt
loam

Light-dark
brown to red-
brown

0.74-2.19 6.17-7.30 0-0.12 4.17-6.50

Alluvial-Diluvial
Loam to clay
loam

Grey to
reddish 1.33-3.43 6.62-6.87 0.04-0.12 4.27-10.69

Muddy Alluvial

River alluvium Sandy Grey to
yellow 0.62-1.43 6.22-6.57 0.04-0.06 1.00-2.50

Marsh/lake
alluvium

Loam to silt
loam

Grey with
reddish iron
stains and
concretions

3.97 west
of lake &
5.39 on

the north

7.34 west
of lake &
5.87-6.51
on north

7.25 west
of lake &

0.13 on the
north

3.84 west
of lake &

9.02-11.27
on north

Marsh
Loam to silt
loam Grey to black 1.72-8.63 6.58-7.21 0.01-0.33 8.84-15.02

Smonitsa
Sandy loam
to clay loam Grey to black 1.39-2.25 6.51-6.77 0-0.07 5.64-9.49

Terra rossa

Shallow eroded
carbonate soils

Clay loam to
clay

Brownish-red
to clear red to
reddish-white

0.92-2.97 5.79-8.12 0.04-0.05 3.96-8.88

Shallow
“brownised”
soils

Loam to clay
loam

Brown to
dark white 1.10-3.87 6.74-7.89 0-0.66 2.07-9.13

Flat areas with
transported soil

Loam to clay
loam

Light to dark
red 1.08-3.56 5.85-7.71 0.02-2.00 5.41-13.37

Data compiled from Vilarov (1956)

Marsh soils are present within densely vegetated micro-depressions on shoreline

terraces. They cover an area of approximately 94 ha (5 % of the total area). These

soils are always wet; however, they become anaerobic only when the lake level is

high. Marsh soils are high in organic matter, which gives them a grey to black colour

(Vilarov 1956).

Smonitsa soils are old, black soils formed when the level of the water surface

decreased after the Pleistocene Epoch. Although once widespread, due to erosion
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these soils are now restricted to two locations covering an area of 59 ha, or 3 % of the

Doiran Plain. Smonitsa soils have clearly defined soil horizons, with the upper part

being sandy and the lower being more clayey (Vilarov 1956).

Finally, red terra rossa soils (srvenitsa), totalling 368 ha (19 % of the total area),

are present at two locations south of the lake (155 ha and 213 ha, with the latter being

near the Greek border). These soils may be divided into three subtypes, all of which

are essentially impermeable below about 10 cm. The first consists of eroded, shallow

carbonate soils at higher elevations. The second is shallow soils present in low places

which, due to wetness, have become “brownised.” The third, situated on relatively flat

landscapes, is composed of accumulated red soils which have been transported from

higher elevations (Vilarov 1956).

2.2. Biotic characteristics

Currently, the biodiversity of the Doiran Valley is composed mainly of

Mediterranean elements, although Northern European and Eastern (Aralo-Caspian)

steppic elements are also present in smaller proportions. Mediterranean and Northern

elements are distributed so that the Mediterranean components occupy the plain and hilly

regions along the edge of the valley, as well as within the lake itself, while the Northern

constituents are present on the mountain of Belles/Belasitsa. This distribution pattern

manifested itself as early as the Pleistocene glaciations, during which time the warmer

and colder phases interchanged, but has been particularly evident within the last 10,000

years.

To a large extent, the main reason for climate changes in the Northern Hemisphere

during the Tertiary Period was the movement of the continents to the north, which also

facilitated the orogeny of the Alps-Carpathian-Himalayan mountain systems in the

Miocene and Pliocene Eras. As a result of the gradual but drastic decrease in temperature,

the Tertiary tropical elements of European flora and fauna were sentenced to progressive

deterioration, especially as they withdrew to the south and were faced with the high

mountain barriers mentioned above. Consequently, at the beginning of the Pleistocene

Era when harsh climatic conditions became prevalent (even within the Balkan Peninsula),

all tropical elements were destroyed. In the resulting depleted South-eastern European


