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Abstract The main objective of this paper is to estimate interrill erosion after rainfall in
the basin of Mourganis river (442 kmz; Kalabaka province, Trikala prefecture, Thessaly,
Greece). For the estimation of the interrill erosion, the method of Valmis et al. (1988) was
used, in combination with Nearing et al. (1989). Input data of the algorithm include the
slope angle of the ground surface, the rainfall, the ground cover type, the height of canopy,
and the instability of ground of the study area. The spatial data were processed by standard
GIS software. Soil samples were collected in the field to calibrate the model. The results
comprise soil erosion maps for two specific rainfall scenarios. The first rainfall scenario
refers to the most extreme rainfall in this catchment that happened on the 7/21/1959 with
48 mm/h. The second scenario is closer to average as the intensity rainfall is 3.54 mm/h.
The total mass of eroded material ranges from 0.048 t/ha (assuming mean rainfall inten-
sity) up to 3.5 t/ha (for the extreme scenario). We note that the western part of the
Mourgani basin exhibits higher erosion than the eastern part.
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1 Introduction

Soil erosion is defined as a progress of detachment and transportation of soil material
(Ellison 1947). The basic natural factors, which create the soil erosion by water, are the
rainfall, the type of soil, and the geomorphology of area (Park et al. 1982). Erosion can be
considered as a major environmental problem in Greece (e.g., Kosmas and Danalatos 1997;
Valmis et al. 2005; Theocharopoulos et al. 2006; Myronidis et al. 2010), and increasing
pressures are applied to authorities to provide quantitative estimates in view of rapid
climate changes. In this study, geographic information systems (GIS) were used to
establish an information data base to study a large catchment in central Greece and locate
potential erosion areas using field analysis and modeling involving multiple layers. GIS
characterized the catchment easily and efficiently.

The study region is the hydrological basin of the Mourganis River (Trikala, Greece,
Fig. 1). The Mourganis River is a tributary of Pinios River. Mourgani basin’s area is
approximately 442 km?, and river length is 47 km. The study area includes 26 settlements
with a population of 6,208 inhabitants (EL.STAT 2001). In addition, the area includes a
part of the national road Trikala—Grevena (15), as well as a part of the new motorway
(E65), which is under construction. This area is one of the less-developed areas of Greece
where population density is small and the local economy is primarily based on agriculture
and farming.

The Mourganis River is directed east—west (flow is to the west) for about 30 km before
turning south to join Pinios river (Fig. 1). The elevation of the study area ranges from 260
to 1,550 m. The slope map shows that high slopes are located in the west part of the area
(<60%), whereas low slopes are located both in the riverbed and close to the settlement of
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Fig. 1 Relief map of the study area (Mourganis catchment, Kalabaka, Greece). Map grid spacing is 10 km
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Koniskos (Fig. 1; <5%). According to CORINE 2000 data (Biittner et al. 2004), a large
part of the study region is covered with forests (29.6%) and agriculture areas (29.4%).
Furthermore, the natural grasslands cover 11.8%, and the sclerophyllous vegetation covers
11.6%. A small area (0.4%) is covered with urban fabric.

In terms of geology, the Mourganis basin is located in the Mesohellenic sedimentary
trough that was formed during the Oligocene epoch—early Miocene (30-20 Ma; Brunn
1956; Papanikolaou et al. 1986; Zelilidis et al. 2002). The 1:50000 geology map series
(IGME 1980) shows that the lithology of the eastern part is mainly bedrock: gneises,
actinolite schists, and mica schists of lower Paleozoic age. The central part of the Mourgani
Basin is extensively covered with molassic sediments of marine origin (Fig. 2). There are
three molassic sediment series. The Pentalofon series, in the western part, is composed by
conglomerate, sandstone, and marl. The Tsotili series, in the central and eastern part of
study region, is composed by conglomerate, sandstone, and marl, while a small part is also
composed by sandstone and marl. The third series is the Heptachorion series, in the central
and western part of study region. This series is composed by sandstone and marl, also a
small part is composed by conglomerate. The lithology in the western part consists of
ophiolites (ultrabasic igneous rocks).

According to our own field work, the soil erosion that can be identified in the Mourganis
basin is mostly erosion at layers (Interrill): raindrops striking exposed soil detach the soil
particles and splash them into the air and into shallow overland flows. Erosion at layers
appears between small rills, mainly caused by rainfall, flow and transfer of soil molecules
through the hydrographic network caused by the plash of raindrops, and the shallow
ground flow (Hadley et al. 1985; Meyer and Harmon 1989). Extensive research has been
conducted to calculate the rate of erosion at rills, which was based on laboratory
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Fig. 2 Geological map of the Mourganis basin. The map was constructed by rectification and mosaicking
of three (3) 1:50000 map sheets of IGME. Red triangles indicate sample locations reported in Table 2
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experiments using rainfall simulators. The major factors considered for the calculation of
the erosion rate are the rainfall intensity and slope. The core of the method is the estimation
of the soil instability index f (Valmis et al. 2005; Dimoyiannis et al. 2006). f is a
composite parameter that embodies many soil properties affecting structural stability, such
as texture, organic matter content, sesquioxides content, etc. Thus, it can be considered that
it successfully describes the vulnerability of soils to erosion, accounting for soil variability.

2 Materials and methodology

Geographic information systems are powerful tools used to collect, store, retrieve, process,
model, and display spatial data from the real world for soil erosion studies. The use of GIS
in this field is a recent topic (e.g., Petersen et al. 1998), mainly its application in erosion
modeling. The software used was ArcGIS v.9.3 for Windows. Available analogue data
included three 1:50000 scale map sheets of the Hellenic Army Geographical Service
(HAGS) and three 1:50000 scale geology maps from the Institute of Geological and
Mineral Exploration of Greece (IGME). The GIS database included the following geo-
spatial data: land elevation, cities, river network, road network, geology, and land use. The
following spatial features were digitized: a) catchment boundaries (total number 56), b)
streams c) geology formations, d) elevation contours at 20-m intervals, and e) elevation
points (usually benchmarks on mountain peaks). The Greek national projection system
(EGSAS87; ASPRS 2002) was used for all data, and a 4-pixel snapping tolerance during
digitization process was accepted. The Mourganis basin can be classified as a six-class
basin according to Strahler’s classification (Strahler 1952).

The Digital Elevation Model (DEM) was constructed by combining elevation infor-
mation from photogrammetrically extracted contours (20-m interval; from HAGS maps;
procedure and product accuracy is described in Ganas et al. 2005) and elevation points
(benchmarks from the l1st-order trigonometric network of Greece). Natural Neighbour
(Sibson 1981) was the spatial interpolation method used with pixel size 30 m x 30 m. The
slope was calculated from the DEM using a Third-order finite difference algorithm from
Horn (1981) and window size 3 x 3 pixels. Jones (1998) compared the slope algorithms
and concluded that Horn’s algorithm is better to calculate slope at surfaces with rough
relief.

2.1 Rainfall

It is assumed that maximum rainfalls follow a frequency of distribution of extreme values
(Gumbel 1954). Gumbel (1954) suggested a relation of exponential probability based on
the extreme values. In this research, a distribution Gumbel—type 1 (method of moments)
was used. In our statistical analysis, 24 h/day rainfall measurements for the period
1951-1997 were used. Those data were collected at Ayiofillo meteorological station
(Ministry of Public works) located inside the Mourganis basin (location in Fig. 1). It was
found that daily rainfalls ranging from approximately 35-48 mm have high probability to
occur, over 50%, and the return period is between 1 and 2 years. Moreover, rainfalls that
range from 50 to 65 mm have a lower probability of occurrence (20-30%), and the return
period is 2-5 years. Rainfalls with ~70-80 mm have return period 10 years and a lower
probability of occurrence (Fig. 3). The rainfall occurred in 7/21/1959 is extraordinary
because it has both high intensity (48.6 mm/h) and rainfall (77.9 mm) (Table 1).
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Fig. 3 (left) Variation of maximum 24-h rainfall with the return period for the Ayiofillo meteorology
station. (right) Variation of maximum 24-h rainfall intensity with the return period for the Ayiofillo
meteorology station

Table 1 Statistics for the maximum 24-h rainfall (mm)

Mean 50.31
SD 16.98
Min 18.3
Max 91.3

Data from Ayiofillo station (see Fig. 1 for location). Max value was observed on November 1953

ANALYSIS OF SAMPLES
IN LABORATORY

METEOROLOGY DEM (30x30) GEOLOGY MAP c ;
ORINE 2000 | | CALCULATE INDEX B
DATASET FROM 1:50000 | | |
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Fig. 4 Flow diagram of data and methods used in the Mourganis GIS to estimate the interrill erosion
rate (E;)

2.2 Soil erosion

In this research, for the estimation of the interrill erosion the method of Valmis et al.
(2005) was used, in combination with Nearing et al. (1989). Valmis et al. (2005) proposed
that soil detachment by raindrop impact, which strongly depends on aggregate stability, is
the principal erosion process controlling interrill erosion (Bradford and Huang 1996). This
method uses the following spatial and climatic data: ground slope, rainfall, ground cover,

canopy cover, and ground stability at the study area. The flow chart of the algorithm is
presented in Fig. 4.
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E; =0.628 % fx 57 % "7 % G, « C, (1)
E; Interrill erosion rate (kg/mz)
B Instability index
1 Rainfall intensity (mm/h)
S;  Tangent of the slope angle
G, Effect of the ground cover

G, = ¢!"238)  (Nearing et al. 1989) (2)
where g; is the fraction of surface that is covered by ground vegetation or plant remnants
C, Effect of the canopy cover

C,=1—F.e ¥ (Nearingetal. 1989) (3)

where F. is the fraction of ground that is protected from canopy cover, and H. is the height
of the canopy (m).

The tangent of the slope angle was estimated from function (4). This function calculates
the slope from DEM, extracts the pixels that value >4°, and calculates the tangent of the
slope angle to a new raster dataset with pixel size 30 m x 30 m.

Tan (((([slope] > = 4) IN{1}) * [slope]) DIV DEG) 4)

Information about indexes C, and G, was obtained during field research in July 2009
according to the bibliography (Cook and Stubbendieck 1986; Jennings et al. 1999). As
erodible areas are considered those covered with: (a) canopy with average cover 20%
(F. = 0.2) and average height of 2.5 m (H. = 2.5) and (b) vegetation or plant remnants
with average cover 40% (g; = 0.40). Moreover, the erosion of the areas covered with
forest and alluvial deposits close to Mourganis River (Fig. 1) was not estimated due to near
zero slope steepness (between 0° and 4°), that is, it is assumed as areas with zero interrill
erodibility. The area of those lowlands is about 62 km?, or 14% of the total catchment area.
The Index f (Valmis et al. 1988; Dimoyiannis et al. 1998) was estimated from the fol-
lowing function:

ﬁ = [lOg(Wa - Ws) - IOg(Wi - Ws)]/z (5)

W, The dry mass of the initial sample (gr)
W, The dry mass of the sand-sized primary mineral particles (gr),
W,  The dry mass of the materials remaining on the sieve after the soaking (gr)

For ideal, perfectly stable aggregates (100% of the initial sand content-corrected dry
mass of aggregates is retained on the sieve), f§ takes the lowest value, for example, § = 0.
In the case of a completely unstable soil (1% of the initial sand content-corrected dry mass
of aggregates is retained on the sieve), f = 1. For the estimation of Index f3, twelve (12)
soil samples were collected from the study region on July 23, 2009 (the sample locations
can be seen in Fig. 2). In Greece, the most intense storm events occur in the period from
late-spring to mid-fall so our sampling timing can be considered suitable for realistic
erosion estimates. Sampling was conducted in order to collect material from all the pos-
sible geological formations combined with the land uses as they were classified by
CORINE 2000 (Biittner et al. 2004). The analysis of calculating Index f was conducted in
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4

Fig. 5 a Interrill erosion in the study region (location near 39.81° N, 21.80°E, 7/23/2009; sample D10 on
gneiss) b Field photograph of sampling point D4 (location 39.81°N, 21.47°E; rock type peridotite),
¢ Photograph showing the disk movement for the wet sieving of soil samples, d Photograph showing the W,
estimation

the laboratory of National Agricultural Research Foundation (N.AG.RE.F.; Fig. 5) in
Larissa (central Greece). The technique of wet sieving was applied for 4 min per sample.
The results are reported in Table 2 with values ranging 0.019-0.421. Samples with high f
originated from conglomerate and sandstone areas. Then, the infersect algorithm from
ArcToolbox (in ARC GIS) was used to create a new vector (polygon) dataset that has
information regarding the geology and the land use for every polygon. Based on this
dataset, we classified index f. Finally, this dataset was converted from vector to raster
based on index f§ with pixel size 30 m x 30 m (see Fig. 6).

The index E; was calculated for two cases of rainfall intensity. The first case refers to the
most extreme rainfall which happened in our study area (7/21/1959), where the rainfall
intensity is 48.6 mm/h, and the height of rainfall is 77.9 mm. The second case has a small
return period and high probability of occurrence for rainfall up to 40 mm. Based on the
method of moments, the rainfall intensity is 3.54 mm/h, the probability of occurrence is
74.5%, and the return period is 1.31 year.

3 Results and discussion

In the most common case of rainfall intensity of 3.54 mm/h, the highest value of soil
erosion is 0.11 kg/m? (Fig. 7) and occurs in western sub-basins of the Mourganis river. The
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Fig. 6 Map of Mourganis basin showing spatial distribution of f$-index. High f values indicate large soil
erodibility
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Fig. 7 Map of single storm interrill soil erosion of the Mourganis basin assuming rainfall intensity of
3.54 mm/h
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Fig. 8 Map of single storm interrill soil erosion of the Mourganis basin assuming rainfall intensity of
48 mm/h

22% of the basin area exhibits erosion values ranging from 0.0013 to 0.017 kg/m”. The
total mass of eroded material is estimated at 1,201,014 kg, or 1,201 tonnes (0.048 t/ha).
For the extreme rainfall case (Fig. 8), the highest erosion rate is 8 kg/mz, and the mean
value is 0.35 kg/mz. The total mass of eroded material is estimated at 87,130,224 kg
(87,130 tonnes; 3.5 t/ha) or 73 times larger. This interrill sediment loss is at the low end of
the range of values obtained from Dimoyiannis et al. (2006) for cultivated soils in central
Greece (1.6—49.3 t/ha; Dimoyiannis et al. 2006, Table 1). Larue (2001), working on sandy
soils under cultivation in the western Paris basin, measured some 0.15-0.2 t/ha interrill soil
losses during the month following sowing. These losses, compared with our estimation for
Mourganis catchment, are 3-5 times higher for common-rainfall events and one order of
magnitude less for extreme rainfall events; however, they also concern cultivated soils and
have been recorded for a time span of a month. It is well known that cultivated soils are
especially susceptible to water erosion.

A quick assessment of uncertainties in the above calculations included the widening of
the values allowed for the parameter F. (canopy cover) in Eq. 3. The calculations were
repeated for F. = 0.1 (i.e., 10% of the pixel is covered by canopy) and F. = 0.3. The
results in the extreme rainfall case are in range +20% of our initial estimate (3.5 t/ha). For
other researchers who might wish to follow this methodology, potential sources of error
include a) the slope angle accuracy and b) the ground cover conditions. The first is a
function of map scale and algorithm used in slope calculation. It is suggested that the
1:50000 scale (used in this study) is a good analogue for local basin studies. The second
error source (ground cover) is affected by the assessment in the field and by land cover
information.
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Google

Fig. 9 Google Earth imagery of western part of the Mourganis basin showing high erosion model results
(right) in areas with earth slides (left, white circles). A rainfall intensity scenario of 48 mm/h is assumed

The results from the soil erosion model were compared (in a qualitative sense) with a
photo-interpretation from the Google Earth™ image, in the western sub-basins (Fig. 9, west
of Ayiofyllo, and south of village Kakoplevrion; Fig. 1). In this area, the Google image is a
high-resolution satellite image obtained by Digital Globe on March 27, 2003 (last checked
on November 9, 2011; Fig. 9 left). In areas where a high erosion rate is predicted (Fig. 9
right), there are landforms resulting from high erosion (debris flows, etc.), as well as
numerous landslides. Here, protective measures are needed, especially in terms of main-
tenance and enhancement of vegetative cover. In terms of sediment deposition, it is easy to
identify on Google Earth imagery large areas of recent deposits at both river banks of
Mourganis, supporting the idea that eroded material is transported downstream.

The proposed methodology is useful for the following purposes: (1) To implement a
methodological approach (Fig. 4) and capacity building program, for supporting plans to
manage land degradation and soil productivity in mountainous catchments in Greece, (2) to
provide the planners and decision makers with a realistic thematic map of river catchments
(erosion risk map, Fig. 6) (3) to provide the planners—engineers and local authorities with
GIS tools for acquiring knowledge on causes and effects of soil erosion so as to provide
quantitative estimates in view of rapid climate changes, and (4) to contribute toward the
production of guidelines and recommendations for soil erosion monitoring.

4 Conclusions

1. Soil erosion is a surface process that can be evaluated, as well as monitored using GIS
techniques. A methodology based on digital analysis of spatial and climatic data
(elevation, land cover, geology, etc.) was applied in order to estimate soil erosion on a
basin-wide scale for the Mourganis catchment, Kalabaka area, central Greece, where
the main form of the soil erosion occurring is that of interrill erosion.

2. Our study used field data (soil samples) to calculate the soil instability index f (Fig. 6)
to calibrate the erosion model. The total mass of eroded material ranges from
0.048 t/ha (assuming mean rainfall intensity of 3.54 mm/h) up to 3.5 t/ha (for the
extreme scenario, 48 mm/h).

@ Springer



874 Nat Hazards (2012) 62:863-875

3. These values are relatively low in comparison with sediment loss from cultivated soils
in central Greece.

4. The most vulnerable areas in the catchment are the western ones. Here, protective
measures are needed, especially in terms of maintenance and enhancement of
vegetative cover. For the efficient implementation of the above methodology, which is
not appropriate for studying rill or gully erosion, care must be taken in describing
vegetative cover, since it varies seasonally.
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