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a b s t r a c t

The morphometric analysis of alluvial drainage provides insights into its dynamics, erosion
capacity, susceptibility to floods and possible genetic relations to tectonic faulting. In this
study, we analysed the drainage system of Samos Island, located in the northern Aegean
Sea. The results indicate a vulnerability to erosion and flooding events, and these intense
phenomena concentrate mostly on third-order catchments. Two dissimilar drainage
network systems are shown: an older drainage network system with a main NWeSE di-
rection, which includes fourth- and fifth-order branches, and a recent drainage network
system, which includes new, smaller order branches with a main NEeSW direction. The
major tectonic fault orientations are NNWeSSE. The branches of the hydrographic network
and faults present different directions, which indicates that the hydrographic pattern is not
affected by tectonics.

© 2019 Published by Elsevier Masson SAS on behalf of Académie des sciences.
1. Introduction

Morphometry is the measurement and mathematical
analysis of the configuration, shape, and dimension of the
Earth surface and its landforms (Hajam et al., 2013; Pareta
and Pareta, 2011). The morphometric analysis of alluvial
drainage provides insights on its dynamics, erosion ca-
pacity, susceptibility to floods, etc., as on its possible ge-
netic relations to tectonic faulting. The principal
morphometric parameters that are commonly analyzed
include the hierarchical order of the various streamse from
principal (order-1) to smaller (order-n) bifurcating streams
e of the whole basin area and slopes, the length of the
oulos).

S on behalf of Académie des
drainage channels, their density (D) e the aggregate length
of streams per unit areae and frequency (F)e the numbers
of streams per unit area e, and the bifurcation ratio (Rb)
(Kumar et al., 2000; Verstappen, 1983). Pioneering works
on drainage basin morphometry were performed by
Horton (1932) and Strahler (1952). Building on these
landmark works, more recent studies were conducted
using the benefit of GIS representations. Altogether, these
studies show that drainage morphology and hence
morphometry are intimately controlled by erosional pro-
cesses (Dash et al., 2014; Kumar et al., 2018; Ngapna et al.,
2018), flooding events (Arnous and Omar, 2018; Bhagwat
et al., 2011; Jahan et al., 2018) and tectonics (Argyriou
et al., 2017; Bahrami, 2013; Ntokos, 2017; Ribolini and
Spagnolo, 2008).

Here we analyze the drainage system of Samos Island,
one of the largest Islands of Greece. The Island presents a
sciences.

mailto:nchariz@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crte.2019.03.001&domain=pdf
www.sciencedirect.com/science/journal/16310713
www.journals.elsevier.com/comptes-rendus-geoscience
https://doi.org/10.1016/j.crte.2019.03.001
https://doi.org/10.1016/j.crte.2019.03.001
https://doi.org/10.1016/j.crte.2019.03.001


N. Charizopoulos et al. / Comptes rendus - Geoscience 351 (2019) 375e383376
vulnerability to erosion and flooding events and has been
affected many times in the past by such natural hazards
(Kotinas, 2014). In such areas where flash floods are
frequent, a morphometric analysis is one of the most
important tools to determine and evaluate the responses of
the drainage basin to drainage characteristics and flash
flood hazard (Angilliri, 2008; Perucca and Angilieri, 2010).
Moreover, morphometric parameters for stream networks,
drainage basins, and relief can be used to investigate the
erosion status and the interplay between the tectonic
processes and the morphology of the drainage basin
(Argyriou et al., 2017). In this research, the catchment
length, area, and slopes were measured using available
topographic maps and GIS software and the stream hier-
archical ranks were defined according to Strahler's classi-
fication (Strahler, 1952). The bifurcation ratio, stream total
number and length, drainage density, and channel fre-
quency were determined according to Horton's laws
(Horton, 1932, 1940, 1945). The relief ratio and the hypso-
metric integral were calculated using standard methods
(Keller and Pinter, 2002; Schumm, 1956). The effects of
tectonics on the drainage network were examined by
comparing the orientations of the known tectonic faults
and the directions of the branches of the drainage network
(use of rose diagrams/plots).

From this analysis, we discuss (a) the erosional pro-
cesses and flood events in the third-, fourth-, and fifth-
order catchments of Samos Island and (b) the controls of
the tectonic faults on the development of the drainage
network of Samos Island.

2. Site description, materials, and methods

2.1. Site description

The Island of Samos is situated at the eastern end of the
central Aegean Sea and is 1.2 km away from the Turkish
coastline. Samos has a coastline length of 160.9 km, a major
axis of 43 km, a minor axis of 19 km and a surface area
around 480 km2 (Fig. 1a). The mean yearly precipitation
and temperature in Samos for the period 1950e2007 are
790 mm and 17.9 �C, respectively (http://www.hnms.gr/
emy/el/). Following the K€oppeneGeiger climatic charac-
terization (Peel et al., 2007), Samos Island is under a
Mediterranean Climate, in Csa class. The precipitation gets
its highest values from November to February, with a
normal month height of more than 100 mm. This
commonly induces extreme flooding events. Precipitations
are almost null from June to August. In the remaining of the
year, the precipitations range between 25 and 90 mm.

2.1.1. Geomorphology
Samos Island is divided into five geomorphological units

related to the presence of individual massifs: (a) the eastern
Samos karst range, (b) the Neogenic deposits in eastern
Samos, (c) central Samos, (d) the Neogenic deposits in
western Samos and (e) western Samos. The hill “Zoodochos
Pigi” (433 m), the “Ampelos” (1150 m), and the “Kerketeas”
(1433 m) mountains occupy the eastern, central, and
western parts of Samos, respectively. Among them are two
Neogenic basins, the “Karlovasion” and the “Mytilinii”"
(Fig. 1b). The mountainous northwestern part of the island
presents steep cliffs, while the coastal topography gradient
is high and coasts are mostly fault-controlled
(Vassilopoulos et al., 2008). The high and steep relief, the
rough topography of the close-by Turkish coastline and the
geographic position of Samos Island in the northern Aegean
make it prone to extreme winter precipitation events
(Psilovikos Ar et al., 2003, 2004). The vegetation of Samos is
dense; many springs outflowing even in summer and small
streams of torrential type exist also on the Island
(Mourtzios et al., 2009).

2.1.2. Geology
Samos Island belongs to the AtticeCycladic Вlueschist

Unit (Vassilopoulos et al., 2008). A characteristic feature of
the formations of this unit is that they have been meta-
morphosed at high-pressure and low-temperature condi-
tions, resulting in the frequent occurrence of blue schists.
On Samos Island, two main Neogene basins were devel-
oped. The Mytilinii basin, situated in eastern Samos, and
the Karlovassi basin, situated in the west (Kantiranis et al.,
2004). The pre-Neogene basement of both basins com-
prises four tectonic units containing marbles, dolomites,
quartzites, phyllites, metamorphic basic to ultrabasic rocks,
and a more youthful nappe of diabases, peridotites, cherts,
and limestones (Stamatakis, 1989a, 1989b). The deposits of
both basins are upper Miocene to Pliocene in age and are
probably a mainland facies (Dermitzakis and Papanikolaou,
1981). At the margin of the basin, there are events of rhy-
olites, dacites, trachytes, and basalts of Neogene age
(Kantiranis et al., 2004).

2.2. Materials

We used two topographic maps from the Hellenic Mil-
itary Geographical Service namely the sheets “Samos” and
“Neon Karlovasion” (HMGS, 1978) and two geological maps
of the Institute of Geology andMineral Exploration, namely
the sheets “Samos” and “Neon Karlovasion” (IGME, 1985),
in 1:50,000 scale. The meteorological data were taken from
the Hellenic National Meteorological Service for the Samos
Airport hydrometeorological station, which is in the
southern part of the island (http://www.hnms.gr/emy/el/).
Finally, ArcGIS 9.3 Software by ESRI was used for the pro-
duction of the digital geodatabase.

2.3. Methodology

Using the ArcGIS 9.3 software and the maps specified
above, we conducted the following steps: (i) digitizing of
the large-scale, overall hydrographic network of Samos Is-
land; (ii) digitizing of the third-, fourth-, and fifth-order
catchments in the Samos basins; (iii) establishing the hi-
erarchy and numbering of the hydrographic network,
following Strahler (1952); (iv) recovering the topography of
the zone by digitizing the contour lines every 20 m as the
trigonometrical points. From this information, we created a
Digital Elevation Model (DEM), with a pixel size of 20 m
(both horizontal and vertical). (v) We also digitized the
coastline, the geologic formations, and all the tectonic
faults shown on the available maps. Then, we referenced all
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Fig. 1. (a) Samos Island in the Hellenic Territory. (b) Geological map of Samos Island.
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the data in GIS software and measured the catchment's
length and area and stream hierarchy following Horton's
first and second laws (Horton, 1932, 1940, 1945). We also
measured the number of streams, the length and mean
length for each hierarchical order, the total number of
streams and their lengths, the bifurcation ratio and mean
bifurcation ratio, the theoretically expected number for the
number of streams and mean length of streams (indicated
as ideal values), and the drainage density and channel
frequency based on Horton's laws. The minimum,
maximum, and mean altitudes of the catchment were
computed providing inputs for the calculation of relief ratio
and hypsometric integral (Table 1) according to Schumm
(1956) and Keller and Pinter (2002) methods respectively
and a slope map from the DEM (in degrees) was measured.
The Geodetic Reference System is the Hellenic Geodetic
Reference System 1987 (EGSA 087). Finally, using Georient
v.9.2 software rose diagrams e plots (Rf) of the stream di-
rections per order and for the tectonic faults, orientations
for each one of the five geomorphological units of Samos
Island were constructed.

3. Results and discussion

3.1. Digitizing and numbering of the hydrographic network

The branches of the entire hydrographic network were
numbered according to Strahler (1952) (Fig. 2) and we
focused on the third-, fourth-, and fifth-order catchments
(Fig. 3aec). Their pattern is dendritic, and the aggregate
number of streams (SNu) is 1162, while their aggregate
length (SLu) is 834.15 km (Table 2). The aggregate number
of the catchments is 47, 10, and 2 for the third-, fourth-, and
fifth-orders, respectively (Fig. 3aec). The main drainage



Table 1
Morphometric parameters of the catchment area of Samos Island.

Parameter Formula Description References

Horton's first law of
stream numbers

Nu ¼ Rb
K�u The numbers of streams of successively lower orders in a given

catchment tend to form a geometric progress
Horton (1940)

Horton's second law
of stream lengths

P
Lu ¼ L1 RL

u�1 The mean stream length segments of each of the successive
orders tend to approximate a direct geometric series with
stream length increasing towards a higher order of streams

Horton (1940)

Drainage density, D (km�1)
D ¼

P
L

A
The aggregate length of streams per unit area

Horton (1945, 1932)

Channel frequency, F (km�2)
F ¼

P
Nu
A

The total number of streams per unit area
Horton (1945, 1932)

Relief ratio, Rh (%)
Rh ¼ H

Lbumax

The ratio of basin relief to basin length Schumm (1956)

Hypsometric integral, HI (%) HI ¼ Hm � Hmin

Hmax � Hmin

The area below the hypsometric curve, which represents the
relative proportion of the watershed area below (or above) a
given height

Keller and Pinter (2002)

where Nu ¼ ideal value for the number of streams of order u, Rb ¼ mean bifurcation ratio (Rb ¼ Nu
Nu þ 1

(Nu: the number of streams of order u)),

K¼maximum order of the streams, u ¼ streams of a given order,SLu ¼ ideal value for the channel mean length of order u, L1 ¼mean channel length of first

order, RL¼ mean length ratio (RL ¼ Lu
Lu � 1

(Lu: mean channel length of order u)), SL ¼ total channels length (km), A ¼ catchment area (km2), SNu ¼ total

number of streams, H ¼ Hmax e Hmin (m), Lbumax ¼ maximum length of the catchment (km) (Apollov, 1963), Hm ¼ mean altitude of the catchment (m),
Hmin ¼ minimum altitude of the catchment (m), Hmax ¼ maximum altitude of the catchment (m)
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divide (Fig. 2 e red line) in the center separates the island
into northern and southern catchments. In the Neogenic
deposits in eastern Samos, the catchments on the northern
side are significantly smaller than the catchments on the
southern side. The inverse occurs in the Neogenic deposits
in the western part of Samos. The catchments in the
southern part are smaller than the northern ones and
moreover, the hydrographic network is more developed in
this area. In the east, small branches of streams are found
because of karstic phenomena (Cooper et al., 2011) (Fig. 2e

light blue circle).
Fig. 2. The hydrographic network stream order of Samos Island accord
3.2. Horton's first law

The analysis of the number of streams in the study area
is presented in Table 2. As shown, the higher the order, the
lower the number of streams. This means that all order
catchments follow Horton's first law. The bifurcation ratio
ranges from 3.71 to 5. These values are typically found in
zones where geologic structures do not exert any signifi-
cant impact on the drainage pattern (Waikar and Nilawar,
2014). Within the range of 3e5, higher Rb values can be
indicative of structural complexity and low permeability
ing to Strahler (1952) with the main drainage divide (red line).



Fig. 3. Thematic maps of Samos Island hydrographic network order catchments according to Strahler (1952): (a) third-order catchments, (b) fourth-order
catchments, (c) fifth-order catchments.
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(Argyriou et al., 2017). The mean bifurcation ratio ðRbÞ is
4.60 (Table 2). As indicated by Shreve (1966), the “theo-
retical” ðRbÞ value is 4.00 and is found in areas where the
geologic structures do not distort the drainage pattern
(Strahler, 1964). The numbers of hydrographic network
stream orders are larger than the theoretically expected
values presenting a critical positive deviation from 93.97 to
141.23% for all orders, with major differences in the second
(141.23%) and the third (123.80%) orders (Table 2, Fig. 4a).
3.3. Horton's second law

The analysis of the lengths of the streams in the study
area is shown in Table 2. It is observed that the average
stream length increases towards a higher order of streams
for all order catchments, except catchments of the fifth
order. This implies that all order catchments follow Hor-
ton's second law, while the observed deviation in
Table 2
Horton's first and second laws for the hydrographic complex of Samos Island.

Stream
order (u)

Streams
number (Nu)

Bifurcation
ratio ðRbÞ

Mean
bifurcation

ratio ðRbÞ

Ideal streams
number

Deviation
(%)

Stre
len

1 869 4.60 448 93.97 486
2 234 3.71 97 141.23 203
3 47 4.98 21 123.80 105
4 10 4.70 5 100 29.
5 2 5 1 100 10.

SNu ¼ 1162 SLu
catchments of the fifth order indicates a variation in relief
(Argyriou et al., 2017). The stream lengths present negative
deviations from the ideal values for the second (�31.50%),
third (�22.22%), and fifth (�66.24%) orders. This indicates
that these streams are short because they are still in a
youthful phase of development, which suggests that these
streams cannot drain their area satisfactorily. The streams
of smaller lengths are found in regions with larger slopes
and smoother topography (Waikar and Nilawar, 2014). In
contrast, the mean estimate of fourth-order stream lengths
presents positive deviations (52.67%) from ideal values,
which indicates more extensive and well-developed
stream lengths (Table 2, Fig. 4b).
3.4. Drainage density (D)

The drainage density of third-order catchments ranges
from 1.50 to 3.10 km�1 with a mean value of 2.26 km�1
ams
gth (Lu)

Mean streams
length ðLuÞ

Length
ratio ðRLÞ

Mean length
ratio ðRLÞ

Ideal mean
streams
length

Deviation
(%)

.6 0.56 2.27 0.56 0.0

.4 0.87 1.55 1.27 �31.50

.1 2.24 2.57 2.88 �22.22
02 10 4.46 6.55 52.67
03 5.02 0.50 14.87 �66.24
¼ 834.15 (km)



Fig. 4. (a) Deviation from ideal streams number per order according to Horton's first law. (b) Deviation from the ideal mean streams length per order according to
Horton's second law.
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(Table 3). The D values for the fourth- and fifth-order
catchments range from 1.61 to 2.63 km�1 (mean value
2.04 km�1) and 2.06 to 2.30 km�1 (mean value 2.18 km�1)
(Table 3). The D values in the third-, fourth- and fifth-order
catchments show large variations, corresponding to various
geographical developments and climatic regions. Low D
values indicate inefficient drainage in the hydrographic
network. D can influence the shape of a river's hydrologic
response during a rainstorm. Rivers that have a low
drainage density will not be prone to flash floods (Jackson,
2012). The D values are presented in Fig. S5a.

3.5. Channel frequency (F)

The third-order catchments have a channel frequency
from 1.21 to 10.56 km�2, with a mean value of 3.88 km�2.
For the fourth- and fifth-order catchments, F values are
1.61e5.46 km�2 (mean value 3.10 km�2) and from 2.48 to
3.19 km�2 (mean value 2.84 km�2), respectively (Table 3,
Fig. S5b). The high values of channel frequency (>5) are
associated with impermeable subsurface material, high
relief, and low infiltration capacity, while low values (<5)
imply high permeability geology, low relief and high infil-
tration capacity (Argyriou et al., 2017).

3.6. Relief ratio (Rh)

The relief ratio (Rh) is a dimensionless number that
captures the overall slope of a drainage basin (Schumm,
1956) and indicates erosion, flooding seriousness, and
sediment delivery processes (Strahler, 1957) that occur in
the branches of the catchment. Rh is considered one of the
essential morphometric parameters. In the third-order
catchments, the relief ratio values range from 0.06 to
0.80, with a mean range of 0.20 (Table 3, Fig. S5c). In the
fourth-order catchments, the Rh values range from 0.08 to
Table 3
Morphometric parameters of Samos Island.

Order catchment Drainage density (D) (km�1) Channel frequency (F) (

min max mean min max

Third 1.50 3.10 2.26 1.21 10.56
Fourth 1.61 2.63 2.04 1.61 5.46
Fifth 2.06 2.30 2.18 2.48 3.19
0.30, with a mean value of 0.14, and in the fifth-order
catchments, Rh is 0.09 for both catchments of this order
(with a mean value of 0.09) (Table 3, Fig. S5c). These values
suggest that erosion rates in the third-order catchments are
greater than those in the fourth-order catchments and even
greater than those in the fifth-order catchments. Vavliakis
(2002) confirmed these findings through the installation
of a network of test surfaces to determine erosion processes
in Samos Island. He found that in the higher-order catch-
ments the erosion processes were smoother than the
lower-order catchments. In the catchments of the Skiathos
Islandewestern Aegean area, Dalaris et al. (2013) found
that the erosionwas greater in the lower-order catchments
than in the higher ones. The large area in higher-order
catchments helps to develop a better stream network
than the small area in lower order catchments, and this
leads to effective drainage, which makes erosion phe-
nomena smoother (Dash et al., 2014). Other studies from
the Balkan Peninsula (Gavrilovic et al., 2008) and Iran
(Solaimani et al., 2009) display comparative outcomes.
3.7. Hypsometrical integral (HI)

The hypsometrical integral (HI) is a function of the
topographic dissection (Pavano et al., 2018) and can be used
as a measure of landscape maturity (Strahler, 1952). The HI
values are computed using the formula displayed in Table 1
(Keller and Pinter, 2002). According to Strahler (1952, 1957,
1964), the transition from the youth stage to the maturity
stage corresponds approximately to a 60% HI value, and the
transition from the maturity stage to the ageing stage cor-
responds to a 35% HI value. We observe that the HI values of
the third-order catchments extend from 19.42 to 63.34%,
with a mean estimate of 45.54% (Table 3, Fig. S5d). All the
third-order catchments are in the maturity stage, with the
exception of two and three catchments, which are in the
km�2) Relief ratio (Rh) (%) Hypsometric integral (HI) (%)

mean min max mean min max mean

3.88 0.06 0.80 0.20 19.42 63.34 45.54
3.10 0.08 0.30 0.14 23.00 55.79 37.27
2.84 0.09 0.09 0.09 33.85 47.16 40.51
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youth and ageing stages, respectively (Fig. S5d). The fourth-
order catchments in the central part of the island and the
catchment in the eastern part of the Island, near the
limestone formations, are in the maturity stage. The other
fourth-order catchments are in the ageing stage. Three of
the catchments are located in the two Neogenic deposits of
Samos, and one catchment is located in the
westernesouthern part of Samos (Fig. S5d). Their values
range from 23.00 to 55.79%, with an average value of 37.27%
(Table 3). The northern fifth-order catchment is in the
maturity stage, with a HI value of 47.16%, and the southern
fifth-order catchment is in the ageing stage, with a HI value
of 33.85% (Table 3). The different maturities between
catchments of the same order are connected to their size
(Fig. S5d), as smaller drainage basins tend to have larger HI
values (Chen et al., 2003; Dash et al., 2014).

3.8. Relief slopes classification

The relief slopes are essential components of the com-
plex landscape that form a drainage basin (Chorley, 1957),
and for this reason, their study is of great importance. The
relief slopes were grouped based on the six major cate-
gories outlined by the classification of the International
Geographical Union (IGU) (Demek et al., 1972) (Table 4).
The most prominent extent of the Samos zone (35.14%) is
described by slopes extending from 15� to 35�.

These values represent a rough to exceptionally rough
relief, which is characterized by extreme events of rill
erosion and denudation. These values are found in regions
all over Samos Island (Fig. S6). The second highest extent of
the Samos region (24.11%) is portrayed by slopes extending
from 35� to 55�, and the third highest extent (15.84%) is
indicated by slopes that are higher than 55�. These values
are primarily observed in the areas of Ampelos in the
northern and central parts of the island, as well as in Ker-
keteas in the western part (Fig. S6). These values represent
a very rough to vertical relief, and they have endured
serious denudation and demonstrate the extremely rough
topography of Samos Island. The lower slope values, from
0� to 2� (5.6%) and 2�e5� (6.55%), represent the flat up to
slightly inclined relief and correspond to flood fields,
levelling surfaces, and valley foothills. They are located in
the northern and southeastern parts of the island (Fig. S6).

3.9. Rose diagrams e plots (Rf)

Concerning hydrography, rose diagrams indicate that
most of the first- and second-order streams are in the
Table 4
Relief slope classification of Samos Island catchment according to IGU
(Demek et al., 1972).

Slope angle Surface in km2 Percentage of total surface (%)

0e2� 26.84 5.6
2e5� 31.36 6.55
5e15� 60.95 12.73
15e35� 168.17 35.14
35e55� 115.37 24.11
>55� 75.80 15.84
NEeSW direction (Figs. S8aeb). The third-order branches
are in the northesouth direction, while the branches of
high orders (fourth and fifth) are in the NWeSE direction
(Figs. S8cee). The rose diagrams reveal two hydrographic
network systems: an older hydrographic network system
with a main NWeSE direction, which includes the higher
branches, and a recent hydrographic network system with
a main NEeSW direction, which includes the new, smaller
order branches. Concerning tectonic faults (Fig. S7), the
rose diagrams were grouped based on the five previously
mentioned geomorphological zones of Samos. It is pre-
sumed that in both the eastern and western regions of
Samos, the major trends are NNWeSSE (Figs. S9a and e).
Themajor trends for both Neogenic deposits arewesteeast,
and theminor trends are NWeSE for the eastern region and
NWWeSEE for the western region (Figs. S9b and d). In
central Samos, there is a primary westeeast trend and an
extremely slight NWWeSEE trend (Fig. S9c). The impact of
tectonic faults on the hydrographic network was deter-
mined by the correlation between the trends of the tectonic
faults (Fig. S9ae) indicated by the rose diagrams and the
branches of the drainage networks (Figs. S8aee). The
orientation of the major tectonic faults in the study area, as
expressed above, is NNWeSSE. The direction of the first-
and second-order streams is mainly NEeSW oriented, and
the third-order streams mainly flowed in the northesouth
direction. These directions do not match the faults’ orien-
tations. The dominant orientations of the fourth- and fifth-
order streams are NWeSE and do not match the trend of
the faults. Taking everything into account, the tectonic
regime has a non-significant impact on the development of
the stream network pattern of Samos Island.

4. Conclusions

In this study, we analysed the drainage system of Samos
Island to determine erosion capacity, susceptibility to
floods, and the interplay between the tectonics and the
drainage basinmorphology. The results indicate that Samos
is a fifth-order basin. The hydrographic network has short
stream lengths for third- and fifth-order catchments, which
indicates a non-satisfactory drainage capacity and a
vulnerability to erosion phenomena. The finding is
enhanced by the prevalence of slopes ranging from 15� to
35�, which suggests intense erosion events and denuda-
tion. The catchments developed at different geographical
formations and microclimatic regions exhibit a variable
drainage density, while the impermeable subsurface ma-
terial and high-relief and low-infiltration capacity produce
high channel frequency values in some third- and fourth-
order catchments. The relief ratio shows that the erosion
processes occurring in the third-order catchments aremore
serious than those of higher (fourth and fifth) orders. This is
associated with the fact that, in lower-order catchments,
the hydrographic network is younger and unable to satis-
factorily drain the area, which leads to erosion phenomena,
unlike in higher order catchments, where the large area
favours the development of the hydrographic network,
thus making erosion events smoother. As indicated by
hypsometrical integral analysis, most of the third-order
catchments are in the youth and maturity stages. The
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fourth- and fifth-order catchments are in the maturity and
ageing stages. The different maturities between catch-
ments of the same order appear to be dependent on their
size. Two different hydrographic network systems
appeared in the study area: an older hydrographic network
system with a main NWeSE direction, which includes the
fourth- and fifth-order branches, and a younger hydro-
graphic network with a main direction of NEeSW, which
includes new, smaller-order branches. The major tectonic
structures (nappes contacts) are NNWeSSE. The super-
position of rose diagrams of the hydrographic network and
tectonic faults of Samos Island indicate that the flow di-
rections of the streams do not match the faults’ orienta-
tions, which indicates that the tectonic faults do not affect
the development of the drainage system.

Appendix A. Supplementary data

Supplementary data to this article can be found online
at https://doi.org/10.1016/j.crte.2019.03.001.
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