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Abstract
The purpose of this study is the evaluation of runoff and sediment transport in the basin of the
Nestos River (Northern Greece) downstream of the dam of Platanovrisi, constructed in 1998.
The model used for the simulation was AGNPS, which is based on the Revised Universal
Soil Loss Equation (RUSLE), combined with a GIS interface. Two different simulations were
conducted, one for the years 1980-1990 and another for the period 2006-2030, before and
after the construction of the dam respectively. For the simulation for the period 1980-1990
existing meteorological data were employed, and the results were in good agreement with
those of a different study (Hrissanthou, 2002). The simulation for the period 2006-2030 was
based on rainfall and climatic data generated from the software packages GlimClim and
ClimGen. The mean runoff was by 5% lower and the mean annual sediment yield by 20%
lower than the corresponding values for the period 1980-1990.
Keywords: River Basin; Discharge; Sediment transport; AGNPS; RUSLE; Dam
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 Introduction
Watersheds are often subjected to flooding, erosion and sedimentation hazards leading to
environmental, social and economical complications. Sediment discharge consists mainly of
soil erosion products of the watershed, discharged into the main stream of the basin. The
prediction of the runoff and sediment yield (total sediment outflow per unit time) of a
watershed has been an ambitious goal for a variety of scientists, such as engineers,
hydrologists, geologists and others. In particular, estimation of sediment discharge in various
temporal and spatial scales is a vital key point for the assessment and design of major
hydraulic projects, such as hydroelectric dams and flood attenuation structures.
Computer modeling is considered to be a cost-effective tool for assessing the impact of
agricultural management practices on water quality at a watershed scale. In order to simulate
the main processes of sediment transport, three categories of models (empirical, conceptual
and physically-based) have been developed (Kaffas & Hrissanthou, 2015). Some common
empirical models are the Universal Soil Loss Equation (USLE) (Wischmeier and Smith,
1978), the Musgrave Equation (Musgrave, 1947), the Dendy-Boltan Method (Dendy &
Boltan, 1976) and the Sediment Delivery Ratio (Renfro, 1975). Empirical models are created
for certain conditions, from field measurements and observations. The most widely used
empirical model is the Universal Soil Loss Equation (USLE). A revision of USLE is the
Revised Universal Soil Loss Equation (RUSLE).
Conceptual models, such as the Sediment Routing Model (Williams & Hann, 1978), the
Discrete Dynamic Model (Sharma & Dickinson, 1979) and the Agricultural Catchment
Research Unit (Schulze, 1995) are a mixture of empirical and physically-based models.
Finally, physically-based models describe the natural procedure of streamflow and
sediment transport in a basin (Merritt et al., 2003). Some examples of physically-based
models are the: Areal Non-Point Source Watershed Environment Response Simulation
(Beasley et al., 1980), Chemical Runoff and Erosion from Agricultural Management Systems
(Knisel, 1980), Water Erosion Prediction Project (Laflen et al., 1991), and European Soil
Erosion Model (Morgan et al., 1998).
Several non-point source (NPS) models have been developed to evaluate the sediment yield
in a watershed (Binger et al., 1992). AnnAGNPS is a suite of models developed as a planning
tool for forested or agricultural watersheds (Binger & Theurer, 2001). It was developed
jointly by the United States Department of Agriculture (USDA) Agricultural Research
Service (ARS) and the USDA Natural Resources Conservation Service (NRCS).
In this paper, the Agricultural Non-Point Source Pollution Model (AGNPS) was used to
predict runoff and sediment losses from a section of a predominantly forested watershed of
Nestos River, located in Macedonia and Thrace, Northern Greece. In particular, the study area
is the basin downstream of the hydroelectric dam of Platanovrisi, which is located
approximately at the middle of the river’s course inside the Greek territory (Fig. 1). The
construction of the dam was completed in 1998. The area of the basin is 884 km2. Runoff and
sediment yield were estimated at the location Toxotes, at the outlet of the study area.
Extensive rainfall and climate data, such as wind speed, relative humidity, temperature and
solar radiation are necessary (Iordanidis, 2010). The use of the model as a prediction tool
requires its calibration for the conditions in the study area. In the calibration process, the
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values of various parameters are adjusted, such that the measured values of runoff and
sediment yield for a specific year approximate closely the values estimated by the model. The
validity of the adjustment is confirmed, from the agreement between predicted and measured
values of runoff and sediment yield in a different year. Two different simulations were
conducted, one for the years 1980-1990 and another for the period 2006-2030. The
simulation for the years 1980-1990 was conducted using recorded meteorological data,
whereas the simulation for the period 2006-2030 was based on rainfall and climate data
generated by two software packages, namely GlimClim and ClimGen.
 Materials and methods
Soil detachment, deposition and transport are important factors when modeling sediment
loads in watersheds. Detached soil particles, apart from their potential effect in filling of lakes
and reservoirs, may transfer harmful contaminants in downstream watercourses. AGNPS is a
sediment and pollutant load modeling module, designed for risk and cost/benefit analyses. It
is a batchprocess, continuous-simulation, surface-runoff computer model which is suitable for
studies of watersheds of this scale. The model was developed for the simulation of long-term
sediment and chemical transport from forest or agricultural watersheds. The basic modeling
components are hydrology, sediment, nutrient and pesticide transport (TR-55).
AGNPS is a daily time-step, distributed model, which enables the modeling of all different
processes and parameters that affect sediment transport, allowing the creation of a detailed
model of the study area (Binger et al., 1992). AGNPS is based on the Revised Universal Soil
Loss Equation (RUSLE) combined with a GIS (Geographic Information System) interface for
more convenient preparation of input data. RUSLE is a simple empirical model which is
based on regression analyses of soil loss rates. It has the following structure, similarly to the
USLE (Renard et al., 1997):

A  R  K  LS  C  P , where:
A is the computed spatial and temporal average soil loss per unit area [Mg/(ha year)],
R is the rainfall-runoff erosivity factor [MJ mm/(ha h year)];,
K is the soil erodibility factor [Mg h/(MJ mm)],
LS is the slope length and steepness factor,
C is the vegetation cover and management factor,
P is the conservation support practices factor.
The LS, C, and P values are dimensionless.
AGNPS is widely used because of its relative simplicity, robustness and ability to enable
prediction of average annual erosion by multiplying several factors together, such as rainfall
erosivity (R), soil erodibility (K), slope length and steepness (LS).
A large amount of input data is necessary for the model setup. AGNPS simulates runoff
and sediment transport from land to streams, as a result of storm flow. Runoff is calculated in
the model using a variation of the Technical Release 55 (TR-55) method (NRCS, 2001). TR4

55 employs simplified procedures to calculate runoff volume in small watersheds. A
modified Einstein deposition equation, using the Bagnold suspended sediment formula for the
transport capacity by particle size class, was used for the sediment transport in the watershed.
In order to facilitate the processing of spatial data, AGNPS provides an ArcView GIS
interface, in which the GIS tools for terrain processing can be utilized (De Roo, 1998). The
most important of these tools are the Digital Elevation Model (DEM) manipulation, the
Digital Elevation Drainage Network Model (DEDNM) used for both the river basin
discretization and the hydrologic network delineation, and the land use and soil texture data
spatial input. (Iordanidis, 2010). It should be mentioned that the current version of AGNPS
provides a built-in GIS interface, based on the MapWinGIS software suite.
2.1. Watershed discretization
Using the Digital Elevation Drainage Network Model (DEDNM) of AGNPS, the basin was
discretised into cells and channel reaches. The discretisation was based on the critical source
area (CSA) and minimum source channel length (MSCL) parameter values. Critical source
area is the minimum area for which a cell can be generated, and minimum source channel
length the minimum possible length for the generation of a channel reach. AGNPS offers the
capability to use up to five different value pairs for the CSA and MSCL parameters.
AGNPS uses amorphous cells, each cell being a grouping of individual square grid
elements, which collectively represent homogeneous hydrological response units. The
number of amorphous cells or hydrologic response units representing a watershed depends on
the size and spatial variability within the watershed. Since no significant variations within the
basin were detected, the selected values for CSA and MSCL were 55 ha and 150 m
respectively for the entire study area. Figure 2 presents the final discretisation of the study
area into 1568 cells.
Cell landscape parameters were derived using a landscape analysis tool of AGNPS for
topographic evaluation, drainage identification, watershed segmentation and sub-catchment
parameterization (Binger et al., 1998). The cell attributes include the drainage area, average
elevation, average slope, shallow flow slope and length, concentrated flow slope and length,
and the LS-factor, a basic factor of Revised Universal Soil Loss Equation (RUSLE), which
computes the effect of slope length and steepness on erosion (Van Remortel et al., 2001). In
order to model the boundary of the basin after the construction of the dam, the digital
elevation model of the study area was modified locally, and the discharge was represented as
a point source of water.
The drainage network, comprising 699 channel reaches, is illustrated in Figure 3. The
reach attributes include drainage area, contributing cells, receiving reaches, average elevation
and channel slope and length.
2.2. Land use data
Land use data were acquired from the European Environmental Agency. This dataset is a
raster-format, geo-referenced, categorized land cover data layer. The raster data were
converted into shapefile format using ArcView version 9.3, and the AGNPS/ArcView
interface was then used to determine the land use in each cell (Fig. 4). According to the
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existing land use data, the cells within the watershed were classified into groups for more
convenient handling and management.
Land uses in AGNPS are classified into two categories:
a) Non-cropland
b) Cropland
There is a total of 16 distinct land uses in the study area (Fig. 4). Thirteen of them are
“non-cropland uses” and include urban infrastructure, wooded land and other non-cultivated
land uses. Annual Rainfall Height, Annual Cover Ratio, Root Mass and Surface Residue
Cover were inputted in order to simulate non-cropland uses. Cropland uses consist of croprelated activities such as sowing, harvesting, etc.
Since the study area contains cropland land uses, it is necessary to simulate the effects of
agricultural activities such as sowing and harvesting, including their time schedule during a
year. The connection of each land use with the above activities was assigned via the input
editor and specifically the “Field Data Management” option. Each field data contains one or
more events (sowing, harvesting), which are scheduled to take place at a specific time of the
year. The time period for each event was determined through the “Management Schedule”
option.
2.3. Soil parameterization
Four main soil types exist in the study area, whose distribution is illustrated in the map of
Fig. 5. The textures of the soil samples obtained from various locations in the basin were
identified and categorized per soil type. For each soil type, the average texture was calculated
and a specific code number was assigned to each soil type. The average textures, for the four
soil types, are quoted in Table 1. Sandy clay loam soils are dominated by sand particles, but
contain enough clay to provide structure and fertility. Clay soils have greater strength,
especially when they are dry and are susceptible to waterlogging due to poor infiltration and
aeration (Melonas, 2004).
Table 1. Average texture of various soil types.
Soil Type

Sand
(%)

Clay
(%)

Silt
(%)

Sandy Clay Loam

55

19

26

Silty Loam

22

21

57

Loamy Sand

78

4

18

Silty Clay Loam

8

39

53

Twelve soil hydraulic parameters, such as bulk density, saturated hydraulic conductivity,
field capacity and wilting point ratios, out of a total twenty eight parameters included in
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AGNPS, were used to simulate the runoff and sediment transport in the watershed. The
values if these parameters for each soil type were derived using the module ‘Soil Water
Characteristics’ of the Soil Plant Atmosphere Water (SPAW) hydrology model, which has
been developed by the United States Department of Agriculture (USDA) (Madramootoo &
Norville, 1990). The soil parameters mentioned before were assigned to each soil code
number via the input editor. The AGNPS/ArcView interface was then used to assign the soil
type to each cell.
2.4. Discharge and sediment data
Discharge data at the location of Platanovrisi dam were provided by the Hellenic Public
Power Corporation (HPPC/DEI). The mean monthly flow rates at that location for the period
1964-1983 are depicted in Fig. 6, and their average values for the same period in Fig. 7.
Discharge measurements at various locations along Nestos river, including location Toxotes
(Fig. 1), have been conducted for the interval 1980-1997 by the Greek Ministry of
Agriculture. In addition, HPPC/DEI is the only Greek authority which has performed
sediment yield measurements, but, unfortunately, these measurements ended in 1983.

 5. Meteorological data
Meteorological (rainfall and climate) data were obtained from two meteorological stations
inside the basin (Fig. 8). AGNPS requires detailed meteorological data on a daily basis for
the simulation period, stored in a separate file. The meteorological data of the two stations
contain eight daily parameters: date, precipitation, daily maximum temperature, daily
minimum temperature, dew point temperature, sky cover or solar radiation, wind speed and
wind direction. This is the minimum information required to calculate surface runoff and
other physical processes, which are simulated by AGNPS.
The two meteorological stations mentioned previously contain monthly rainfall and climate
data for the period 1964-2009. Complete sets of data on a daily basis suitable for use by
AGNPS exist only for the periods 1980-1990 and 2006-2009. Stochastic time-series of the
necessary meteorological parameters at a daily time step for the period 2006 to 2030 were
generated with the use of two software packages, namely GlimClim and ClimGen. The data
for the period 2006-2009 were used for the calibration of these two software packages. After
their calibration, GlimClim was used to estimate daily rainfall values in the study area for the
period 2006-2030 and ClimGen was used to estimate the daily values for all the other
meteorological parameters for the same period.
Glimclim is a statistical rainfall estimation tool which incorporates the theory of
generalized linear models (Generalized Linear Models - GLMs) and allows the quick and
reliable generation of stochastic rainfall time series. The software has been developed by
Chandler (2002) in collaboration with the Department of Civil Engineering at the Imperial
College of London. It can be used to generate time series of data for areas up to 100 x 100
km2 (Yang et al., 2005). It has been applied already to the basin of Drama, which is adjacent
to the area of the present study (Iordanidis and Anagnostopoulos 2012). That study has
confirmed that the model is capable of generating reliable data series in regions with
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Mediterranean climate conditions. The GlimClim package consists of two mathematical
models and the simulation software. The first model (Logistic-Events model) is used to
generate the rainfall events for the study period, determining whether rainfall will occur or
not, on a given day. The second model (Gamma-Magnitude Model) calculates the amount of
rainfall in a day for which the Logistic model has determined that rainfall will occur. The
parameters of the Logistic and the Gamma model are calibrated using input data from stations
within the study area.
A necessary stage before using the data generated by GlimClim is the statistical test of the
reliability of the time-series. The verification is implemented by calculating the values of
selected statistical measures (such as the maximum and minimum values of monthly rainfall)
from the generated data and comparing them with the corresponding values calculated from
the recorded data (Iordanidis and Anagnostopoulos, 2012). The set of data for the period
1980-1990, available on a daily basis, was used for the generation of a large number of daily
time series of rainfall for the period 1964-2009. For each of these time series, the total
monthly rainfall was calculated throughout the period examined. Then, for each simulation,
the maximum monthly rainfall value was selected for each of the twelve months, regardless
of the year of occurrence. The same procedure was followed for all simulations. Thus, a n x
12 table was created, were n is the total number of simulations. Each element of the table
refers to the maximum monthly rainfall for each simulation. The last step was to determine
the maximum value for each column, which yields the maximum monthly rainfall, for the
entire time span of the simulation.
The maximum estimated monthly rainfall height at Stations 1 and 2 of Fig. 8 for the period
1964 to 2009 are illustrated in Figs. 9 and 10 respectively. The maximum recorded monthly
rainfall height for the period 1964-2008 is also displayed in these diagrams. The simulation
values are slightly higher than the recorded data, except from August to October for Station 1
and for August for Station 2. Therefore, the simulation can be considered reliable (Yang et
al., 2005).
GlimClim was then used to estimate daily rainfall values in the study area for the period
2006-2030. A large number of simulations (approximately 1000) was conducted for this
period. Since GlimClim is a statistical model, the large number of simulations serves in
obtaining an adequate sample of estimated values of rainfall for each day in the simulation
period. For all simulations, the rainfall for each day in the interval 2006-2009 was compared
with the corresponding recorded value. The simulation which yielded daily estimated rainfall
closest to the recorded throughout the interval 2006-2009 was selected as the most reliable.
ClimGen is a climate data generation software, which has been developed by the
University of Washington in cooperation with the US Department of Agriculture (United
States Department of Agriculture - U.S.D.A.). ClimGen uses UED files (Universal
Environmental Database) which store daily data for the maximum and minimum temperature,
the maximum and minimum relative humidity, dew point temperature, sky cover or solar
radiation, wind speed and wind direction. ClimGen employs an algorithm that calibrates the
climate generation parameters automatically from the input data. These parameters are then
used to generate stochastic time series at a daily step for each of the weather parameters
mentioned previously. Similarly to GlimClim, a large number of simulations were conducted
for the period 2006-2030. The simulation which yielded daily climate data closest to the
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recorded for the interval 2006-2009 was selected as the most reliable.
2.6. Model implementation
In order to calculate runoff, AGNPS uses the Curve Number Method (Xiao, 2003). This
method uses the following equation
2

WI  0.2 Scn 
Q

WI  0.8 Scn

 100 
 1
, Scn  245 
 CN 

(1)

where Q is the surface runoff for each cell, WI the water input (precipitation or irrigation), Scn
the retention variable and CN the Curve Number. Hydrologic models are in general sensitive
to the values of CN (Kaffas & Hrissanthou, 2014), which range between 30 and 100. The
lower the curve number, the more permeable the soil is. Therefore, lower numbers indicate
low runoff potential, whereas larger numbers indicate increased runoff potential. The Curve
Number depends on the land use and soil type of each cell, as described by TR-55 (Binger &
Theurer, 2001). Initially, the land use of the corresponding cell is identified, according to the
classification of Fig, 4. Considering also the soil type of the cell, the appropriate CN value is
selected and the runoff of the cell is evaluated from Eq. (1).
The annual sediment yield, Sy, (tn/km2) for each cell is calculated by
(2)

S y  0 .22 Q 0.68 q 0p.95 K  LS  C  P

where qp the peak rate of surface runoff and K, LS, C and P are factors of the Revised
Universal Soil Loss Equation (RUSLE) (Wischmeier & Smith 1965).
The most important of these factors is the soil erodibility factor, K, which influences the
spatial variability of sediment losses. Factor K, which is important for the determination of
the sensitivity of soil to erosion, the sediment transportability and runoff rate, is directly
related to soil properties. Soil texture, structure and particle composition are the main factors
affecting soil erodibility. The values of K range typically from about 0.10 to 0.45 [(Mg h /
(MJ mm)]. Several formulae have been developed for the determination of K factor (Wang et
al., 2016); the most widely used are USLE developed by Wischmeier & Smith (1978) and
EPIC (Erosion Productivity Impact Calculator) developed by Sharpley &Williams (1990).
The former is based on the particle size parameter, the organic matter content, the soil
structure code and the soil permeability, whereas the latter requires only the soil particle size
distribution and the soil organic carbon content for the determination of K values. Cox and
Madramootoo (1998) and Parsakhoo et al. (2014) employed the USLE formula, whereas Liu
et al. (2015) favoured the EPIC formula. Similarly to Liu et al. (2015), the erodibility factor
in the present study was calculated with the EPIC technique given by Eq. (3):
Κ = {0.2 + 0.3 exp [-0.256 S d (1 - S i /100)] [ S i /( C i + S i )]} 0.3
{1.0 - 0.25 C 0 /[ C 0 + exp(3.72 - 2.95 C 0 )]}

(3)

where Sd is sand content, Si is silt content, Ci is clay content and C0 is soil organic carbon
content.

9

The values of K for the four soil types of the present study, as calculated from the data of
Table 1, are listed in Table 2. These values are close to those reported by Liu et al. (2015),
which lie in the range between 0.278 and 0.344. However, serious discrepancies have been
reported between estimated and observed values of K factor (Shabani et al. 2014, Ostovari et
al. 2016, Wang et al. 2016). Shabani et al. (2014) report that, K is markedly influenced by the
content of lime and slope, as well as land use and permeability. EPIC formula, which relies
only on sand, silt, clay and soil organic carbon content, does not take into account these
factors.
Table 2. Predicted and calibrated K factor values.

Soil Type

K
(predicted)

K
(calibrated)

Sandy Clay Loam

0.197

0.314

Silty Loam

0.302

0.272

Loamy Sand

0.189

0.223

Silty Clay Loam

0.316

0.285

Slope length and steepness factors, LS, are topographic factors that indicate the terrain
impacts on soil erosion. Slope length, L, is defined as the distance from the point of origin of
overland flow to the point where the slope decreases sufficiently for deposition to occur. The
steepness factor, S, is the change in elevation at a specified distance. The terrain slopes in the
study area are depicted in Fig. 11. Although various formulae are available for the
determination of L and S factors (Wang et al., 2009; Liu et al., 2015), in the present study are
evaluated by AGNPS, using the digital elevation model. L and S factors are calculated
separately, but it is customary to appear as a combined term.
The vegetation cover and management factor, C, represents the effect of both the natural
vegetation cover on reducing soil loss in non-agricultural situations, and of cropping and
management practices in agricultural activities. Liu et al. (2015) obtained C factor values in
terms of the annual averaged vegetation cover, while Wang et al. (2009) and Kuok et al.
(2013) report values for various land use types such as forest, grassland and farmland. In the
present study the C factor is calculated by the model for all non-water cells in the study area,
depending on the land use (cropland or not). For cropland cells AGNPS calculates 24 values
of C factor for each year, and an average C factor for each year for non-cropland cells. For
cropland land uses, the effects of agricultural activities, such as sowing and harvesting, and
their time schedule during a year, are important for the determination of C factor. The effects
of agricultural activities and their time schedule during a year, are inputted for each cropland
cell, as mentioned previously.
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The conservation support practice factor, P, is the ratio of soil loss under a particular
conservation support practice, to soil loss for up and down slope cultivation on the unit plot,
with no conservation support (Meyer, 1984). Conservation support practices include cropping
along the contour, strip-cropping and terracing. Kuok et al. (2013) quote P factor values
equal to 0.60 for contouring, 0.35 for strip-cropping and 0.15 for terracing It is evident that
the lower the P factor value, the better the practice for controlling soil erosion. Similarly to C
factor, P factor is calculated by the model for all non-water cells in the study area. AGNPS
calculates sub-factors for contour cropping, strip-cropping and terracing, from which the P
factor of the corresponding cell for each year is evaluated.

 Calibration and validation
The calibration and validation of the model are necessary stages prior its use for
predictions. In case that the model prediction for runoff and sediment yield at the outlet of the
basin over a specified interval agrees closely with measured values, the reliability of the
model is confirmed, and no further action is required. In case of discrepancy, the model
should be calibrated by adjusting some of its parameters, in a way that the difference between
predicted and measured values is minimized. Next, the model should be validated for a
different period, in order to check the validity of these adjustments.
Year 1980 was selected for the initial check and the possible calibration of the model if
necessary. Measured values of the discharge from Nestos river into the basin and of the
runoff and sediment yield at the outlet of the basin (location Toxotes) were available for this
year, together with daily meteorological data. In addition, the mean annual discharge of the
dam was almost the same for both years, equal to 46 m3/s.
The results of the simulation obtained for K factor values predicted from EPIC formula are
listed in Table 3. These results contain the simulated values of mean annual runoff and the
sediment yield for the year 1980 at the location Toxotes. The corresponding measured values
are also listed. We see that the values of both the runoff and the sediment yield obtained from
the simulation are lower than the measured, by 7.58% and 17.85% respectively.

Table 3. Runoff and sediment yield for year 1980. K values predicted from EPIC formula.
Measured
values

Simulated
values

Deviation

Runoff (m3/s)

48.66

45.23

7.58%

Sediment Yield (tn/yr)

298,000

244,781

17.85%

The discrepancy, especially for the sediment yield, although can be considered within
acceptable limits (Liu et al., 2015) is rather large. The parameter most responsible for this
discrepancy was considered to be the K factor, since, as previously stated, its predicted values
are rather approximate. Preliminary tests were conducted, to investigate the impact of K
11

factor of each of the four soil types of the study area on runoff and sediment yield. This was
implemented by modifying the K factor value of one of the soil types, keeping the values of
the other three soil types constant. It was found that the results, especially of sediment yield,
were susceptible even to small changes of K factor values, especially for Sandy Clay Loam.
Since the value of K for Sandy Clay Loam obtained from EPIC formula yielded
underestimated results, it was considered reasonable to test larger K values.
A very large number of tests was conducted, for the determination of the K factor values,
which yielded values of mean annual runoff and sediment yield for the year 1980 as close as
possible to the measured values. These values, denoted as “calibrated”, are listed in the right
column of Table 2. With the exception of Sandy Clay Loam, whose calibrated K value was
significantly higher than the predicted, the calibrated K values of the other three soil types
were rather close to the predicted from EPIC formula. The calibrated values of Silty Loam
and Silty Clay Loam were by 10% lower than the predicted, whereas the calibrated value of
Loamy Sand was by 15% higher than the predicted.
The results of mean annual runoff and sediment yield at the location Toxotes using the
calibrated K values are listed in Table 4, together with the corresponding measured values.
The simulated runoff value is now 5.24% lower than the predicted and the simulated
sediment yield 2.21% lower than the predicted.

Table 4. Runoff and sediment yield for 1980, using calibrated K factor values.
Measured
values

Simulated
values

Deviation

Runoff (m3/s)

48.66

47.58

5.24%

Sediment Yield (tn/yr)

298,000

282,364

2.21%

A necessary step before using AGNPS as prediction tool in the study area was its
validation. In case that the evaluated values of runoff and sediment yield at the location
Toxotes in a year different from 1980 were close to the measured, the model is considered as
validated. Year 1981 was selected for the validation, using the calibrated K factor values. The
inflow in the basin and the available climate and rainfall data for 1981 were used for the
validation. The mean annual inflow from Nestos river was almost the same for both years,
very close to 46 m3/s. The results are listed in Table 5. It is evident that the simulated values
of both runoff and sediment yield agree closely with the measured, which confirms the
reliability of calibrated K values. It should be noted that a similar simulation for 1981 using
the predicted values of K yielded runoff and sediment yield lower than the measured by 9%
and 20% respectively.
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Table 5. Runoff and sediment yield for 1981, using calibrated K factor values.
Measured
values

Simulated
values

Deviation

Runoff (m3/s)

54.10

53.21

1.58%

Sediment Yield (tn/yr)

497,000

515,476

3.72%

 Application, results and discussion
Two different simulations were performed using AGNPS, one for the period 1980-1990
and the other for 2006-2030. The purpose of both simulations was the estimation of the
sediment yield at the outlet of the river Nestos basin at the location Toxotes.
The period 1980-1990 was selected, because detailed meteorological data on a daily basis
were available from the two meteorological stations within the basin. Although no measured
values of sediment yield were available after 1983, estimated values were provided by
Hrissanthou (2002) at the same location and period of time. Table 6 presents the estimated
values of sediment yield using the AGNPS model in comparison with the results of two
different simulation models by Hrissanthou (2002). The sediment yield, in Table 7 is the year
average for the whole period of eleven years.
Table 6. Estimated values of sediment yield (tn/yr)
Year

Hrissanthou (2002)

AGNPS

Model 1

Model 2

1980

282,355

298,000

278,000

1981

515,476

528,000

588,000

1982

467,195

446,000

426,000

1983

105,124

80,000

73,000

1984

295,626

492,000

494,000

1985

170,985

119,000

131,000

1986

256,752

196,000

198,000

1987

511,482

638,000

673,000

1988

350,203

396,000

383,000

1989

213,839

201,000

207,000

1990

162,335

75,000

64.000
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Table 7. Estimated values of mean annual sediment yield for years 1980-1990.

Technique

AGNPS

Sediment Yield (tn/yr)

302,852

Hrissanthou (2002)
Model 1

Model 2

315,500

319,500

Considerable agreement of the results of the two studies is observed for years 1980-1982
and for years 1988-1989. The greatest proportional discrepancy is observed for years 1984,
1987 and 1990. However, in spite of the differences detected in individual years, the values
of mean annual sediment yield for the whole period derived from the present study and the
two models by Hrissanthou are very close.
Another simulation was conducted for the years 2006-2030, after the dam of Platanovrisi
was constructed. The inflow of water in the study area was different from that depicted in
Figs. 6 and 7, since it was regulated by the dam operation. A constant inflow of 6 m3/s was
assumed for the whole period. Although this value is rather arbitrary, preliminary tests
revealed that the inflow has small effect on the results. The rainfall and climate data for this
interval were generated by GlimClim and ClimGen respectively, using existing data for the
period 2006-2009. All other parameters were the same as for the simulation for years 19801990. The estimated sediment yield for each year is displayed in Fig. 12. The sediment yield
fluctuates from 50,000 tn (year 2025) to 600,000 tn (year 2016). These fluctuations are
analogous to those for the period 1980-1990 (Table 6). The trend line plotted in Fig. 12
shows a tendency for reduction of sediment yield from approximately 300,000 tn in the
beginning of the period to 200,000 tn at the end of the period. Interestingly, approximately
300,000 tn is the mean annual sediment yield for the period 1980-1990. Table 8 presents the
estimated values of mean annual runoff and sediment yield at location Toxotes for the years
2006-2030. The mean annual runoff is by 5% lower than that for the period 1980-1990, and
the mean annual sediment yield lower by 20%. This is in agreement to the study by Liu et al.
(2015), according to which, the decrease of runoff from 1989 to 1998 at Beibei Station, in
spite of annual fluctuations, is associated with a decrease in the sediment load. The same
trend between sediment transport rate and discharge was observed by Metallinos &
Hrissanthou (2010) in Nestos river, Greece.
Table 8. Estimated values of mean annual runoff and
sediment yield (Years 2006-2030)
Runoff (m3/s)

44.3

Sediment Yield (tn/yr)

252,266

Table 9 presents a comparison of mean annual sediment yield rates for Nestos River with
related references (Zarris et al., 2011). All sediment yield estimates are of the same order of
magnitude. The inconsistency between sediment yield and catchment area can be justified
14

from the different data and techniques employed by various researchers. Even for the same
catchment area (River Mouth) the difference of sediment yield quoted by the two relevant
studies is of the order 100%. In any case, the sediment yield derived from the present study,
and the sediment yield obtained by the two models of Hrissanthou (2002), are higher than the
values reported in the other studies.
Table 9. Comparison of mean annual sediment yield rates for Nestos River.

References

Gauging station/
Catchment area (km2)

Gergov (1996)

M. Kula (Bulgaria)/1511

202.0

Gergov and
Karagiozova (2002)

Hadgidumovo (Bulgaria)/2123

125.0

Paraskevopoulos and
Georgiadis (2001)

Greek-Bulgarian Border/3584

181.0

Paraskevopoulos and
Georgiadis (2001)

River Mouth (Greece)/6365

78.0

UNEP/MAP (2003)

River Mouth (Greece)/6100

160.0

Poulos and
Alexandrakis (2005)

Temenos (Greece)/4394

157.4

Zarris, Vlastara and Panagoulia
(2011)

Temenos (Greece)/4954

203.4

Hrissanthou – Mod. 1 (2002)

Toxotes (Greece)/838

376.5

Hrissanthou – Mod. 2 (2002)

Toxotes (Greece)/838

381.3

This study (1980-1990)

Toxotes (Greece)/884

342.6

This study (2006-2030)

Toxotes (Greece)/884

285.4

Mean annual
sediment yield (tn/km2)

 Conclusions
The AGNPS software was employed in order to simulate both runoff and sediment yield in
the basin of Nestos River, downstream of the hydroelectric dam of Platanovrisi. After the
calibration and validation of AGNPS two different simulations were conducted, one for the
period 1980-1990 and another for the period 2006-2030, after the construction of the dam in
1998. For the former of these simulations (1980-1990) existing meteorological data at a daily
basis were employed. The mean annual sediment yield for the period 1980-1990 was very
close to that obtained at the same location by Hrissanthou (2002), in spite of differences
detected at specific years. Apparently, the good agreement of the mean annual sediment yield
acts to reinforce the validity of the present model. The simulation for the period 2006-2030,
the necessary climate and rainfall data for which were obtained using the GlimClim and
15

ClimGen software packages, yielded reduced value of the mean runoff by 5% and reduced
value of the mean annual sediment yield by 20%, compared to the corresponding values for
the period 1980-1990. This constitutes strong evidence, that the runoff play a key role for the
sediment yield in the area.
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Fig 1. The study area.
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Fig 2. Area discretisation into 1568 amorphous cells.

22

Fig 3. The drainage network of the study area (699 channel reaches).
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Fig 4. The land uses of the study area.
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Fig. 5. Soil map of the study area.
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Fig.6. Mean monthly flow rate at Platanovrisi dam for the period 1964-1983.
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Fig. 7. Average mean monthly flow rate at Platanovrisi dam for the period 1964-1983.
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Fig 8. The study area with the two meteorological stations.
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Fig 9. Maximum monthly rainfall at station 1.

29

Fig 10. Maximum monthly rainfall at station 2.
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Fig. 11. Terrain slopes in the study area.
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Fig. 12. Estimated sediment yield at location Toxotes for years 2006-2030.

32

Figures

Figure 1
The study area. Note: The designations employed and the presentation of the material on this map do not
imply the expression of any opinion whatsoever on the part of Research Square concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.

Figure 2
Area discretisation into 1568 amorphous cells. Note: The designations employed and the presentation of
the material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 3
The drainage network of the study area (699 channel reaches). Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 4
The land uses of the study area. Note: The designations employed and the presentation of the material
on this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 5
Soil map of the study area. Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.

Figure 6
Mean monthly ow rate at Platanovrisi dam for the period 1964-1983.

Figure 7
Average mean monthly ow rate at Platanovrisi dam for the period 1964-1983.

Figure 8
The study area with the two meteorological stations. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 9
Maximum monthly rainfall at station 1.

Figure 10
Maximum monthly rainfall at station 2.

Figure 11
Terrain slopes in the study area. Note: The designations employed and the presentation of the material on
this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 12
Estimated sediment yield at location Toxotes for years 2006-2030.

