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Abstract: - Evros River is one of the major transboundary rivers of Balkans and is the final recipient of point
and diffuse pollution loads of the river's catchment area. Ergene River, one of the main tributaries of Evros,
affects the water quality of the later, due to industrial, agricultural and domestic pressures applied on its
catchment area. In order to examine the diffusion of nitrate concentrations downstream of the Evros and Ergene
rivers junction, a water sampling campaign and a hydrochemical survey was conducted, while a coupled
hydrological/hydraulic and water quality model was setup. The tool used in the present project is the physically
distributed modelling system MIKE SHE/MIKE 11. In general, the hydrological, hydrodynamic and water
quality simulation of Evros sub-catchment was sufficient. Some inaccuracies were observed at the upstream
observation points of head elevation of saturated zone, while water level simulation of the river was more
satisfactory. The modelling results indicated that there are significant pollution pressures that impact the river’s
water quality and therefore international collaboration should initiate to restore and protect this valuable water
body.
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industrialized (textile, pharmacy, dairy, tanneries).
Many municipalities and industrial plants discharge
wastewater directly or indirectly to Ergene River,
while landfill leachate and fertilizers from cultivated
land drain toward the river. A recent ecological
assessment at Ergene River concluded the severe
toxicity on Vibrio fisheri and the high COD
concentrations (over 300mg/l) and therefore, water
quality of the river was classified as “bad”, based on
Turkish Water Quality Regulation [12].
Based on recent studies [6], the effect of Ergene
River on Evros water quality is severe at the area of
the junction of the two rivers and downstream. In
order to examine the influence of Ergene River at
Evros water quality and the diffusion of nitrate
concentrations along Evros River, a water sampling
campaign and a hydrochemical survey was
conducted in May 2011, while a hydrodynamic and
water quality model was setup.
The modelling tool used in the present project is
MIKE SHE. MIKE SHE, developed by DHI Water
& Environment, is a physically based distributed
model that is able to simulate all hydrological
domains within the land phase of the hydrological
cycle of a river basin [13]. This integrated

1 Introduction
Evros river (Марица in Bulgarian, Meriç in
Turkish) is the second largest river in Eastern
Europe, flowing through Bulgaria, Greece and
Turkey and discharging significant quantities of
water and sediment in the Aegean Sea. The total
length of the river is 528km, 310km of which
belongs to Bulgaria and the remaining 218km
comprise the boundary between Greece and Turkey.
The catchment area is 53,000km2 while its annual
average discharge fluctuates from 50 to 200m3/s.
Evros river catchment is one of the most intensively
cultivated areas in the Balkans and supports a
population of 3.6 million people. Major pollution
pressures comprise mining and industrial activities,
domestic waste and agricultural areas [15].
One of the most important tributary of Evros
River is Ergene, which flows entirely in the
European part of Turkey and meets Evros near the
Turkish city of Ipsala and the Greek village of
Tichero. Ergene has a drainage basin of 10,195km2,
about 264km of length and an average flow of
23.3m3/s [1]. The Turkish part of Thrace supports a
population of one million people, while is
intensively cultivated (wheat, sunflower, rice) and
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only the daily rainfall of Alexandroupoli station
(H.N.M.S., 25o53΄, 40o51΄) was used.
The lack of solar radiation data precluded the use
of the Penman-Monteith equation for calculating the
monthly
potential
evapotranspiration
(PE).
Therefore, PE was estimated using the Hargreaves
method (1), which is considered to provide
satisfactory results with an error rate of 10-15% or
1mm/d [10]:
S
E = 0.023 0 (Tm + 17.8)(Tmax − Tmin ) 0.5 (1),
λ
where So is the solar radiation [kJ/(m2d)], λ is the
latent heat of vaporization [kJ/kg], Tm is the daily or
monthly average temperature [oC], Tmax is the daily
or monthly maximum temperature [oC] and Tmin is
the daily or monthly minimum temperature [oC].
The land use-vegetation map was conducted after
CORINE Land Cover map 2000 of the European
Environment Agency. For each land use-vegetation,
time varying values of LAI (Leaf Area Index), RD
(Root depth) and AROOT were attributed in the
vegetation property file based on bibliography.
A 2-D finite difference method was utilized to
simulate overland flow. The bed resistance is
defined by a Manning’s number, M. The channel
Manning’s number is assumed to be constant for all
channels and along all river reaches. At the
beginning of a simulation, M was set to 60.
In Simulation Specification the Two-Layer
method was chosen to calculate unsaturated flow. In
this point the soil map of the study area is necessary.
Soil map was retrieved from the geological map of
the Evros sub-catchment, which was conducted
from the Geological map of Turkey, 1:500,000 [4]
and the Geological Map of Greece, 1:500,000 [9].
For each formation the soil water content at
saturated conditions, at field capacity, at field
wilting point, the infiltration rate and the ET surface
depth were defined.
In the Saturated Zone dialogue, the geological
structure of the study area is defined. Based on the
geological maps of Turkey and Greece [4], [9], the
geological structure of the sub-catchment, after
some generalization, is the following:
- Quaternary deposits: clay, silt, sand, terra rossa,
conglomerates, loam.
- Neocene deposits: conglomerates, sand, marl,
marly limestone, clay, lignite, gypsum.
- Molassic formations (Oligocene-Miocene): clay,
conglomerates, sandstone, marl, limestone.
- Volcanic formations (Eocene - Oligocene)
- Metamorphic series - Ophiolites (Paleozoic)
For each formation the hydraulic parameters
were also defined.

modelling tool can simulate vegetation based
evapotranspiration, overland flow, unsaturated flow,
groundwater flow and fully dynamic channel flow
and can describe their hydraulic relationship, while
it can also simulate integrated water quality across
the hydrologic cycle. MIKE SHE is fully integrated
with the channel - flow code MIKE 11, which is a
one dimension model that can simulate water flow
and level, water quality and sediment transport in
rivers, flood plains, irrigation canals, reservoirs and
other inland water bodies [3].

2. Hydrological and water quality
model setup and parameterization
The area of interest is at Evros river basin,
downstream of the Evros and Ergene rivers junction
(Fig.1). The specific catchment area is 2,778km2
and consist the 5.2% of the total Evros-Maritsa river
basin (53,000km2).
Because of lack of data necessary for the
calibration of the groundwater model for the period
of interest (May 2011), the groundwater model was
first run for the period 01/10/84-30/09/90, when
head elevation of saturated zone and river discharge
data were available, while the water quality model
was setup for the period February - July 2011.

Fig.1: Study area

2.1 Input data
Model grid cell size for the Evros catchment was
fixed at 500x500m. This spatial scale was selected
to allow the most accurate representation of
catchment attributes without placing excessive
demands on computer run time required for
simulation. Topography in Evros river basin model
was represented by the Digital Elevation Model
(DEM) of 25x25m of the basin.
Due to lack of detailed precipitation data from
meteorological stations inside the river catchment,
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Public Works) were used (Fig.3). The calibration of
the model was achieved by the procedure “trial and
error”, evaluated by statistical criteria, until
satisfactory results were accomplished.

In Rivers and Lakes dialogue the coupling
between MIKE SHE and MIKE 11 is accomplished.
In River Simulation File, the river network, cross
sections, boundary conditions and hydrodynamic
parameters are defined (Fig.2). Because of lack of
data concerning cross sections along Evros River,
the open channel flow was chosen to be simulated in
the simple shape of isosceles trapezoid. Also, the
flood processes of the sub-catchment were chosen to
be simulated through the overbank spilling option.

Fig. 2: River network (blue line), cross sections (red
trapezoid), boundaries (blue rectangles) and
computational grid poinds (white cirles: h-points,
black cirles: Q-points)

Kipoi Bridge

Fig.4: Simulated and observed head elevation in
saturated zone at five boreholes and wells.
Fig.3: Water sampling points used for calibration
2.2.1 Calibration of hydrological model
Four of five boreholes and wells used for calibration
are located at quaternary deposits, while one is
located at molasse deposits.
Based on the results, there is a satisfactory
agreement between observed and simulated head
elevation (Fig.4) and between observed and
simulated water level (Fig.5). The correlation

2.2 Results (01/10/1984 - 30/09/1990)
In order to calibrate the hydrological model, in situ
observations of five boreholes and wells concerning
groundwater level [8] and one hydrometric station
concerning water level data at Evros river (Kipoi
bridge, Ministry of Environment, Planning and
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for the entire model and errors occurring due to
input data or numerical instabilities [3].
Based on the water balance calculated (5
hydrological years), from 2,179mm precipitation,
1,547mm is evaporated and transpired, 365mm
(2,595mm-2,230mm) recharge the aquifer, 79mm
are surface runoff, 178mm were distributed to
neighboring basins, 64mm was the storage change
in saturated zone and -25mm the change of storage
in unsaturated zone (Fig.6).

coefficient (R) can be characterized as moderate to
strong in all cases. Negative values of mean error
(ME) indicate model over-predictions, while
negative values of Nash-Sutcliffe coefficient of
efficiency (R2) occur when the residual variance, is
larger than the data variance (Table 1).

3 Water quality model setup and
parameterization
Scope of this project was to construct a model for
simulation of nitrate transport at Evros River. In
order to setup the advection-dispersion model of the
river for the period 22/02/2009-30/05/2011, the
pollution sources and the particle parameters for
groundwater and surface water must be defined
(reference temperature, temp-decay exponent, water
content decay exponent, plant uptake transpiration
factor and solubility).

Fig.5: Simulated and observed water level at Ervos
River (Kipoi Bridge).
Table 1: Statistic calculations
Name
F8
F11
F52
G167
G110
Gef.Kipon

ME
-0.318
-2.239
-2.261
3.161
-0.105
0.321

MAE
0.386
2.239
2.261
3.161
0.696
0.869

RMSE
0.532
2.268
2.359
3.305
0.958
1.207

STDres
0.427
0.367
0.673
0.967
0.952
1.163

R
0.813
0.710
0.648
0.543
0.405
0.461

R2
-1.113
-36.757
-19.254
-55.426
0.020
-0.859

where ME: mean error, MAE: mean absolute error, RMSE: root mean
square error, STDres: standard deviation of the residuals, R: correlation
coefficient, R2: Nash-Sutcliffe coefficient

3.1 Pollution pressures
The non point pollution sources were estimated
based on the mapped pollution pressures (livestock,
cultivation and urban wastes) that have been
identified in the study area.
The calculation of the pollution loads followed
the methodology suggested by the World Health
Organization [16] by using data concerning the
livestock average waste production and statistical
data about the number and the kind of livestock in
the municipalities of the catchment area [7], [14].
In order to estimate the pollution pressure from
agricultural activities, the amount of fertilizers per
acre proposed by agronomists for the cultivations of
the study area was used.
Urban wastes consist of suspended and dissolved
inorganic and organic substances. The composition
depends on living conditions and daily water
consumption, which ranges between 100 and 500 lt/
day/person. The estimation of the urban wastes was
based on the typical composition of urban wastes in
pollutants [11] and population data [7], [14].
In Table 2 the estimated daily Total N pollution
load from livestock, agricultural activities and urban
wastes in study area is given. Based on
bibliographical data, a rate of 30-50% of the TN
calculated drained from unsaturated to saturated
zone ends up to a aquifer as NO3- [2], [5] (Table 3).

Fig.6: Water balance for Evros sub-catchment for
the simulation period (01/10/1984 - 30/09/1990)

2.2.2 Water balance
The MIKE SHE Water Balance utility is a postprocessing tool, which calculates flow and storage
changes for the individual model components and
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efficiency and the validation of hydrological and
hydrodynamic models can only be tested from the
river discharge data available at Evros delta (East
Macedonia & Thrace Periphery) (Fig.7). Based on
the statistics (Table 4), the simulation of
hydrodynamic model of the study area, although
over-predicted, is satisfying.

Table 2: Estimation of daily Total N pollution load
per municipality
Municipality
Total N
Load
Urban
Livestock Agriculture
(kgr)
wastes
686.2
1038.3
45.9
Soufli
115.3
202.0
20.0
Traianoupoli
189.9
946.0
24.4
Tichero
2429.0
2188.2
57.8
Ferres
4981.3
2908.8
71.6
Enez
7264.0
8747.9
201.4
Ipsala
9742.1
8891.5
465.8
Kesan
23304.
12754.2
354.8
Malkara
0
4591.2
4310.8
114.3
Meric
53303.
41987.7
1355.9
Total
0
Total (%)
55.2%
43.4%
1.4%

Total
1770.4
337.3
1160.3
4674.9
7961.7
16213.3
19099.5
36412.9
9016.3
96646.6
100.0%

3.2.2 Results of water quality model
In order to calibrate the water quality model, the
results from the water sampling campaign and the
hydrochemical survey conducted during May 2011
were used (Fig 9).
The correlation between observed and simulated
concentrations of NO3- was calculated 0.57, which
can be characterized as moderate.

Table 3: Estimation of the actual daily pollution
loads of ΝΟ3- per municipality
Municipality
Soufli
Trianoupoli
Tichero
Ferres
Enez
Ipsala
Kesan
Malkara
Meric

ΤΝ
Area correction Final ΤΝ
(kgr/d)
factor
(kgr/d)
1770.4
0.7
1326.0
337.3
0.2
64.2
1160.3
1.0
1158.7
4674.9
0.9
4276.3
7961.7
0.3
2307.7
16213.
0.8
12480.2
3
19099.
0.7
13515.0
5
36412.
0.2
6530.5
9
9016.3
0.1
1038.9

NO3- (kgr/d)
(40% ΤΝ)
530.4
25.7
463.5
1710.5
923.1
4992.1
5406.0
2612.2
415.6

Fig.8: Sampling points along Evros river (sampling
date: 19/05/2011)

Fig.7: Simulated and observed discharge at Ervos
delta.
Table 4: Statistic calculations
Name
ME
Evros_ekboles -54.531

MAE
63.137

RMSE
74.207

STDres
50.329

R
0.567

R2
-0.550

where ME: mean error, MAE: mean absolute error, RMSE: root mean
square error, STDres: standard deviation of the residuals, R: correlation
coefficient, R2: Nash-Sutcliffe coefficient

3.2 Results (22/02/2011-30/05/2011)

Fig.9: Observed and simulated concentration NO3along Evros river (sampling date: 19/05/2011)

3.2.1 Validation of hydrological model
Unfortunately, no groundwater data were available
for the period February - May 2011. Therefore, the
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4 Conclusion
The modelling study described, has applied the
coupled hydrological/hydraulic and water quality
model to Evros river. The area of interest was
downstream of the Evros and Ergene rivers junction
so as to examine the effect of the latter to the first.
The main deficiency of the model is the lack of
accurate input data (head elevation data from the
Turkish part of the catchment in order to achieve
better calibration of the hydrodynamic model, more
accurate discharge and initial nitrate concentration
of the two rivers, determination of point pollution
sources and boreholes inventory as well as irrigation
rate data).
In general, given the aforementioned difficulties,
the hydrological, hydrodynamic and water quality
simulation of Evros sub-catchment is sufficient.
Some inaccuracies were observed at the upstream
observation points of head elevation of saturated
zone, while water level simulation of the river was
more satisfactory (01/10/84-30/09/90).
The validation of the hydrological model, due to
lack of data, was achieved only by discharge
measurements at Evros delta. The model provided
satisfactory results (R=0.57).
The results of the water quality model indicated
that the Nitrate concentrations increase along the
course of the river in this downstream part of its
catchment as a result of the significant pollution
pressures (mainly agricultural and urban wastes).
The relatively sudden increase in the Nitrate
concentrations along the sampling points SE60 to
SE67 can be assigned to significant human
interventions (drainage canals and a small scale dam
inside the river) that could not be included at this
specific modelling application and thus increased
the modelling errors in the particular segment of the
river.
Nevertheless, this effort indicated that there is
substantial deterioration of the water quality in this
part of the river catchment and therefore intensive
transboundary collaboration should be immediately
initiated to restore and protect this highly important
water body.
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