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Abstract. Coastal erosion that is generated by the reduction of the annual sediment yield at
river outlets, due to the construction of dams, constitutes one of the main environmental
problems in many parts of the world. Nestos is one of the most important transboundary rivers,
flowing through Bulgaria and Greece, characterized by its great biodiversity. In the Greek part
of the river, two dams, the Thisavros dam and the Platanovrysi dam, have already been
constructed and started operating in 1997 and 1999, respectively. The present paper investigates
the reservoir sedimentation effect on the coastal erosion for the case of the Nestos River delta
and the adjacent shorelines, through a combination of mathematical modeling, modern remote
sensing techniques and field surveying. It is found that the construction and operation of the
considered dams have caused a dramatic decrease (about 83%) in the sediments supplied
directly to the basin outlet and indirectly to the neighbouring coast and that this fact has almost
inversed the erosion/accretion balance in the deltaic area as well as the adjacent shorelines.
Before the construction of the dams, accretion predominated erosion by 25.36%, while just
within five years after the construction of the dams erosion predominates accretion by 21.26%.
Keywords: Reservoir sedimentation, Sediment transport, Shoreline change monitoring, Coastal
erosion, Nestos River
1. Introduction
Coastal erosion constitutes one of the main environmental problems in many parts of the world.
Especially in the case of deltaic regions, the construction of dams in the river basin impedes
sediment supply at the river mouths and therefore the rates of shoreline retreat and sea level rise
may exceed the corresponding rates of vertical shoreline accretion, resulting to the increase and
in many cases the predomination of deltaic and coastal erosion. Over the last decades, many
investigations have been directly or indirectly focused on the assessment of reservoir
sedimentation and its effect on sediment yield reduction and coastal erosion, in the wider coastal
regions of various rivers worldwide, using varying study methodologies and techniques (e.g.
Malini and Rao, 2004; Chen et al., 2008; Liu et al., 2008; Huang, 2011; Zhang et al., 2011).
Nestos is one of the most important transboundary rivers, characterized by its great biodiversity.
Nestos River flows through two European countries, Bulgaria and Greece, and discharges its
water into the Aegean Sea. Its total length reaches 234 km and the river basin covers an area of
5749 km2, 130 km (<56 per cent) and 2280 km2 (<40 per cent) of which lie in Greek territory.
In the Greek part of the river, two dams, the Thisavros Dam and the Platanovrysi Dam, have
already been constructed and started operating in 1997 and 1999, respectively. The construction
of the dams implies a reduction of sediment yield at the outlet of the Nestos River basin and the
alteration of the sediment balance of the basin in general, which results in coastal erosion.

In the present paper, the assessment of reservoir sedimentation effect on the coastal erosion for
the case of the Nestos River delta and the adjacent shorelines is addressed in detail through
mathematical simulation modeling, remote sensing techniques and field surveying.
2. Description of the mathematical simulation model
2.1. Rainfall-runoff submodel
By means of the rainfall-runoff submodel, the runoff depth for a certain rainfall depth is
computed. It is a simplified water balance model (Giakoumakis et al., 1991), in which the
variation of soil moisture due to rainfall, evapotranspiration, deep percolation and runoff is
considered. The basic balancing equation is:
S n ʹ = S n−1 + N n − E pn

(1)

where S n−1 is the available soil moisture for the time step n − 1 (mm); N n is the rainfall depth
for the time step n (mm); E pn is the potential evapotranspiration for the time step n (mm) and
S n ʹ is an auxiliary variable (mm).

2.2. Soil erosion submodel
The soil erosion submodel is based on the assumption that the impact of droplets on the soil
surface and the surface runoff are proportional to the momentum flux contained in the droplets
and the runoff, respectively (Schmidt, 1992).
The momentum flux exerted by the falling droplets, ϕ r (kg m/s2), is given by:
ϕ r = CrρAu r sin a

(2)

where C is the soil cover factor; r is the rainfall intensity (m/s); ρ is the water density (kg/m3);
2
A is the sub-basin area (m ); u r is the mean fall velocity of the droplets (m/s) and α is the
mean slope angle of the soil surface (o).
The momentum flux exerted by the runoff, ϕ f (kg m/s2), is given by:

ϕ f = qρbu

(3)

where q is the direct runoff rate per unit width [m3/(s m)]; b is the width of the sub-basin area
(m); u is the mean flow velocity (m/s).
The sediment supply to the main stream of the sub-basin considered is estimated by means of a
comparison between the available sediment discharge in the sub-basin and the sediment
transport capacity by overland flow.
2.3. Stream sediment transport submodel
The sediment yield at the outlet of the main stream of the sub-basin considered can be computed
by the concept of sediment transport capacity by the stream flow. The following relationship is
used to compute sediment transport capacity by the stream flow (Yang, 1973):
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where c t is the total sediment concentration by weight (ppm); w is the terminal fall velocity of
suspended particles (m/s); D50 is the median grain diameter of the bed material (m); v is the
kinematic viscosity of the water (m2/s); u * is the shear velocity (m/s); u is the mean flow
velocity (m/s); u cr is the critical mean flow velocity (m/s) and s is the energy slope.
The sediment yield at the outlet of the main stream of the sub-basin considered can be estimated
by comparing the available sediment in the stream with the sediment transport capacity by the
stream flow, resulting from the total sediment concentration.
3. Application of the mathematical simulation model
3.1. Available data and maps for Nestos River basin
For more precise calculations, the Nestos River basin was divided into 60 sub-basins.
Specifically, the basin of the Thisavros Dam (Bulgarian and Greek parts) was divided into 31
sub-basins, the basin of the Platanovrysi Dam (Greece) into nine sub-basins and the basin
downstream of the Platanovrysi Dam into 20 sub-basins. The outlet of the last basin is named
Toxotes.
Meteorological data (mainly monthly rainfall data and mean monthly temperature data) from 22
meteorological stations in Greece and Bulgaria were used as input data for the simulation
model. Various digital thematic maps were constructed from georeferenced background maps,
for the accurate computation of the sub-basins parameters. Indicatively, the sub-basins and main
streams map is illustrated in Figure 1.
The calculations were performed for each sub-basin on a monthly time basis. This means that
cumulative monthly values for runoff, soil erosion and sediment transport were calculated for
each sub-basin.

Figure 1. Sub-basins and main streams map of the Nestos River basin.

3.2. Model testing
Sediment measurements (suspended load) for 53 years (1937-1989) were available for the
location “Momina Koula” (Gergov, 1996) in the Bulgarian part of Nestos River (Figure 1).
According to the measurements, the mean annual suspended sediment yield for the time period
given above is 202 t/km2 (Gergov, 1996).
Bed load measurements were not available; therefore, the following assumption (Andredaki et
al., 2011) was made: the ratio of bed load to suspended load at the outlet of a basin on an annual
basis amounts approximately to 0.25. According to this assumption, the measured mean annual
sediment yield at “Momina Koula” is 252.5 t/km2.
The simulation model described above was applied to the basin corresponding to this location
for the same time period (Andredaki et al., 2011). The basin area is 1511 km2, which is about
30% of the entire basin area of the Nestos River. The computed mean annual value of sediment
yield at the basin outlet is 315 000 t or 207.9 t/km2. This means that the mathematical model
used underestimates the measured mean annual sediment yield by about 18%.
3.3. Main computations of sediment yield
The relatively low deviation between computation and measurement results for the mean annual
sediment yield at the location “Momina Koula” was an encouraging indication for the further
application of the simulation model to other parts of the Nestos River basin. The following
calculations were therefore performed for a time period of eleven years (1980-1990) that
corresponds to the period before the construction and operation of the Thisavros and
Platanovrysi Dams:
a. Calculation of mean annual sediment amount inflowing into the Thisavros Reservoir from
the Bulgarian part (3052 km2) and from the Greek part (804 km2) of the Nestos River
basin (Andredaki et al., 2011; Kapona and Tona, 2003).
b. Calculation of mean annual sediment amount inflowing into the Platanovrysi Reservoir
from the corresponding basin (405 km2, Greece) (Klisiari, 2002).
c. In a previous study (Hrissanthou, 2002), the mean annual value of sediment yield at the
outlet of the Nestos River basin (Toxotes) was calculated. The sediment yield originates
mainly from the part of the Nestos River basin which lies downstream of the
Platanovrysi Dam (840 km2, Greece).
The calculated values of the annual sediment yield for different years at certain locations of the
Nestos River basin (Thisavros Reservoir, Platanovrysi Reservoir and Toxotes) are summarized
in Table 1. According to Table 1, the mean annual value of sediment yield at the outlet of the
Nestos River basin before the construction of the dams (mean annual value of sediment yield at
the outlet of the entire Nestos River basin) is about 1.9x106 t, while after the construction of the
dams (mean annual value of sediment yield at the outlet of basin downstream of the
Platanovrysi Dam) this amounts to 0.33x106 t. Therefore, it can be concluded that the
construction of the considered dams has caused a dramatic decrease (about 83%) in the
sediments supplied directly to the basin outlet and indirectly to the neighbouring coast. The
reduction in the sediment yield that reaches the Nestos River mouth, influences the seashore
sediment balance, and results in a considerable increase in the erosion rates of the Nestos River
mouth and the adjacent shorelines.

Table 1. Computational results of sediment yield at various locations of the Nesto River basin.
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Thisavros

Thisavros
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Platanovrysi

downstream
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of Dospat
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(Bulgarian
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River (t)
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1980

1 084 000

184 000

154 500

366 000

278 000

2 066 500

1981

968 000

128 000

128 500

344 000

588 000

2 156 500

1982

850 000

312 500

112 500

409 000

426 000

2 110 000

1983

309 500

114 000

32 500

99 500

73 000

628 500

1984

678 500

360 500

107 500

277 000

494 000

1 917 500

1985

991 000

94 500

127 500

54 500

131 000

1 398 500

1986

1 495 500

613 000

162 000

303 500

198 000

2 772 500

1987

1 021 000

875 500

131 500

761 500

673 000

3 462 500

1988

884 000

357 500

130 000

241 000

383 000

1 995 500

1989

73 500

121 000

xx

192 500

207 000

594 000

1990

545 500

552 500

46 500

289 500

64 000

1 498 000

Mean

809 000

337 500

113 000

314 500

331 000

1 873 000

(t)

value

xx: no results due to very low values

4. Description of adopted methodology, for shoreline change monitoring
The adopted shoreline change monitoring methodology for the Nestos River delta and the
adjacent shorelines was the use of available high resolution satellite images from the QuickBird
(QB) satellite archive and aerial photographs from the Hellenic Military Geographical Service
(HMGS), in conjunction with high resolution D-GPS field measurements of the region. In more
detail:
a. Use of ortho-rectified/geo-referenced, satellite images that were available in the QB
archive for the extraction of the shoreline in the year 2002. The spatial resolution of
these satellite images is 0.6 m per pixel. The proposed year was selected as it was more
close to the years 1997 and 1999 during which the Thisavros Dam and the Platanovrysi
Dam operation, respectively, had started.
b. Use of high resolution DGPS (Differential Global Positioning System) field
measurements for the extraction of the shoreline in the year 2007, in order to obtain the
shoreline state approximately a decade after the operation of the considered dams. The
accuracy of these field measurements can reach the order of few centimeters.
c. Comparison of the extracted shorelines between the above two time periods in order to
access a short term shoreline evolution of the region that roughly corresponds to the
period after the construction of the dams.
d. Ortho-rectification/geo-referencing of available, old aerial photographs of the region
from the year 1945 from the HMGS and extraction of an old shoreline, approximately
50 years before the construction and operation of the dams.

e. Comparison of the extracted shorelines between the years 1945 and 2002 in order to
access a long term shoreline evolution of the region that roughly corresponds to the
period before the construction of the dams.
In order to use a common, user-friendly working sub-base for all the above digitally extracted
shorelines, an ortho-rectified background of the wider geographical region was created using
various available topographic maps from the HMGS. The merging and ortho-rectification of the
proposed maps was conducted in ArcMap software from the ArcGIS 9 package, using as
Ground Control Points (GCP’s) a wide scatter of known, benchmark, trigonometric points of the
region that were provided by the HMGS. The “Greek Grid” coordinate system was used. The
digitally extracted shorelines from the aerial photographs (year 1945), the satellite images (year
2002) and the DGPS field measurements (year 2007) were all superimposed the above
mentioned working sub-base and an ArcMap digital database was created.
5. Calculation of erosion/accretion balance
In order to investigate the erosion/accretion balance between the years 1945 and 2002 (time
period before the construction of the dams) and the years 2002 to 2007 (time period after the
construction of the dams), polygons that represent eroded and accreted areas were extracted
from the ArcMap database. These are illustrated in Figure 2 for the two different time periods,
respectively.

Figure 2. Eroded/accreted areas for the time periods 1945-2002 and 2002-2007.
The boundaries of these polygons are defined by the non-intersecting parts of the digitally
extracted shorelines in each of the examined time periods. The total area of the considered
erosion/accretion polygons, expressed in m2 and the resulting erosion/accretion balance are
summarized in Table 2 for the two time periods considered.
Table 2. Erosion/accretion balance for the time periods 1945-2002 and 2002-2007.
1945-2002

Erosion

Accretion

Total area (m )

1335027.90

2242207.82

Change (%)

37.32

62.68

2002-2007

Erosion

Accretion

2

2

Total area (m )

374892.96

Change (%)

60.63

243453.14
39.37

As it can be observed, from the year 1945 up to the year 2002 and for the considered shoreline
(total length of 25 km), the erosion was about 1335028 m2 (23421 m2 per year) and the
accretion 2242208 m2 (39337 m2 per year), i.e. the overall balance of the eroded/accreted areas
from 1945 to 2002, for a total shoreline length of approximately 25 km in the vicinity of the
Nestos River delta, indicates that accretion is the dominant mechanism covering a total area
almost 1.7 times bigger than the corresponding area of the eroded parts. In other words,
accretion dominates erosion by 25.36%. On the other hand, examining the same shoreline
region from 2002 to 2007, the erosion was about 374893 m2 (74979 m2 per year) and the
accretion 243453 m2 (48691 m2 per year), i.e. the erosion mechanism dominates accretion by
approximately 21.26%. Therefore, it can be concluded that the dramatic decrease in the
sediments supplied directly to the Nestos River basin outlet and indirectly to the neighbouring
coast, due to the construction and operation of the dams, that was calculated in Section 3 of the
present paper, has almost inversed the previous situation regarding the erosion-accretion balance
in the considered region, just within five years after the construction of the dams. This finding
evaluates the direct effect of the construction of the Thisavros and Platanovrysi Dams, to the
erosion increase in the coastal region of the Nestos River delta and the adjacent shorelines.
6. Conclusions
The mathematical model results indicate that the construction of the considered dams has
caused a dramatic decrease (about 83%) in the sediments supplied directly to the basin outlet
(delta) and indirectly to the neighbouring coast. Comparing the overall balance of the eroded
and accreted areas in the region, before and after the construction and operation of the dams, it
can be concluded that the decrease in the sediments supplied directly to the Nestos River basin
outlet, and indirectly to the neighbouring coast, has almost inversed the previous situation
(where accretion predominated erosion by 25.36%), just within five years after the construction
of the dams, with erosion now predominating accretion by 21.26%.
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