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ABSTRACT 
 

The present study aims to model flash flood risk in small coastal watersheds in areas that are 
characterized by Mediterranean climate through extensive morphometric analysis which can prove 
invaluable for the investigation of flood risk, in ungauged watersheds, where flash floods are 
frequent. The available topographic data (EU-DEM) are analyzed through Geographic Information 
Systems (GIS) to produce all the secondary variables that are necessary for this morphometric 
analysis. Watershed prioritization techniques that are applied on geomorphological variables have 
proven to be an effective way of estimating the relative flash flood risk in a sub-watershed level. A 
series of morphometric parameters are used (bifurcation ratio, drainage frequency, drainage 
density, drainage texture, length of overland flow, circularity ratio, form factor, elongation ratio) 
which have an effect on flood risk. In small watersheds, with intermittent runoff, this effect can be 
different than in larger watersheds, so our methodology differs significantly from the methodology 
other researchers use. The compound factor is calculated by aggregating the assigned ranks of 
these morphometric indices and the sub-watersheds are prioritized according to their flash flood 
risk. The study area is located in the island of Samos, in Eastern Greece, where flood events are 
usual and pose a risk to villages and infrastructure around the island. The selected watershed 
(Imvrasos river) is divided into several sub-watersheds (W-1 to W-8) and a series of morphometric 
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indices are calculated and evaluated through statistical procedures and by applying prioritization 
techniques, in order to locate the sub-basins that have the highest risk to flash floods. Sub-
watersheds W-2 and W-3 (on the southern part of Imvrasos area) show the highest prioritization 
values, and should be prioritized for better watershed management planning. 
 

 

Keywords: Geomorphology; G.I.S; hydrology; flood risk; flash floods; morphometric analysis. 
 

1. INTRODUCTION 
 

River flooding is a natural process of the 
hydrologic cycle affecting large areas on our 
planet. Flash floods are common in small 
mountainous watersheds which are very 
common in southern Europe and other places 
around the world. The increase of the population 
and infrastructure near rivers, in combination with 
more frequent extreme rainfall events, caused by 
climate change, increases the flash flood hazard 
in these areas, making flash floods more intense 
and recurrent [1].  
 

The drainage pattern and the geometry of a river 
system are controlled mainly by climate, lithology 
and topography [2], but rainfall intensity is a key 
factor especially in areas that are characterized 
by temperate climate [3]. Geomorphology and 
climate play a key role in areas surrounding the 
Mediterranean Sea: in these areas small 
watersheds are prevalent and runoff is seasonal 
[4,5], usually occurring only during storm events. 
  

Drainage morphometric analysis of ungauged 
catchments can provide a dynamic tool for 
estimating the conditions and developing 
regional hydrological models at catchment or 
sub-catchment level in the absence of data 
availability and can be used to resolve different 
hydrological problems in river watersheds [6,7]. 
Through this analysis the river catchment’s 
hydrological conditions can be identified, and the 
sub-watersheds can be rated based on their 
flood susceptibility.  
 

The aim of this study is to understand the 
hydrologic behavior of flash flood prone drainage 
basins in small coastal watersheds in areas 
characterized by a temperate climate through 
G.I.S. analysis of the morphometric 
characteristics of these watersheds. By utilizing 
digital elevation models and GIS tools we 
prioritize the sub-watersheds to identify the flood 
susceptible area in the main watersheds of 
Samos Island, Greece. 
 

1.1 Study Area 
 

The Mediterranean Sea and the Black Sea are 
components of the same marine system, 

communicating through the Sea of Marmara [8]. 
On the southwest of Marmara Sea is the Aegean 
Sea where a complex of islands is located (most 
of them belonging to Greece). Samos Island is 
located on the Eastern part of the Aegean Sea, 
in close proximity to Turkey and is one of the 
largest Greek islands. It is located between 
longitudes 26° 33' 36" E and 27° 3' 36" E and 
latitudes 37° 48' 36"N and 37° 38' 24"N. The 
island is characterized by its elongated shape 
and its mountainous relief. The central part is 
characterized by two geomorphological 
depressions where the main river network of the 
island is formed. Climate is mild and wet in winter 
and dry in summer, with an average precipitation 
of 676.5 mm/year (during the period 1979-2019; 
[9]) and an average temperature of 18.98o C for 
the same period of time. The streams are 
ephemeral, and during summer they are 
completely dry in most of their drainage length. In 
the island elevation ranges from 1234 meters to 
sea level (on the coast) and average elevation is 
~312 meters. Average slope for the whole island 
is 37.2% but the central part of the island where 
the large watersheds are formed is characterized 
by relatively flat topography. Tidal range in this 
particular location of the world is very low (about 
+-5 cm; [10]) and doesn’t play any significant role 
in coastal processes.  

 
“Imvrasos” river (Fig. 1) flows through the largest 
neogene basin of the island and drains the 
second largest watershed of Samos (having an 
area of ~44km2). It is located in the SE part of the 
island and its river outlet is located near the “Iraio 
(Heraion) of Samos”, an area that is 
characterized as an “UNESCO world heritage 
site because of the significant Greek ancient 
monuments that were found there. This area is 
also a touristic attraction during summer and very 
sensitive infrastructure is located nearby (e.g. the 
international airport of Samos). The watershed 
can be divided to 8 sub-watersheds of 4th or 
higher order [11] and flood events very frequent 
and intense (e.g. during the years 2001, 2013, 
2019) affecting the flood plain between Iraio and 
Pythagoreio. As a result, this study can prove 
invaluable to mitigate problems caused by flash 
floods in this area.  



 
Fig. 1. The island of samos, Greece and the location of one of its larges

This area is characterized by large areas used 
for cultivation (vineyards, olive trees, fruit bearing 
trees) and areas covered mainly by 
sclerophyllous vegetation [9]. In this pa
area human interventions to the natural channel 
of the river are limited, mainly located near the 
outlet of the river.  
 

2. METHODOLOGY  
 

2.1 Materials 
 

To describe the geomorphological 
the study area the Digital Elevation Model over 
Europe (EU-DEM) was used, having a grid 
resolution of 25 m × 25 m. Topographic maps of 
1:50.000 scale were used mainly for cross
checking and correcting the EU-DEM. The DEM 
was processed through ARCGIS PRO and 
SAGA GIS software. The catchment area and 
the river network of ‘Imvrasos’ river was 
calculated automatically after creating a slope 
map, a flow direction map and flow accumulation 
map for the study area. The 8 sub
created through a selection of pour points and 
GIS processing. The main topographic variables 
(slope, catchment area, perimeter of basin, 
length of basin, main channel length, 
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gh a selection of pour points and 
GIS processing. The main topographic variables 
(slope, catchment area, perimeter of basin, 
length of basin, main channel length, 

max/average altitude) were obtained through 
G.I.S for each sub-basin of Imvrasos river. The 
stream order information was assigned to the 
various parts of the river network, after applying 
the ordering system developed by Strahler [11]. 
 
2.2 Methods 
 
A detailed geo-database was created, as we 
have seen in the previous chapter, involving all 
the necessary primary variables and then we 
further processed the data in order to calculate 
the secondary morphometric parameters for the 
study area (e.g. drainage density, elongation 
ratio). 
 
2.2.1 Basic morphometric parameters
 

The basic parameters of each sub
were computed through G.I.S. techniques: the 
area (A), perimeter (P), stream order (u), basin 
length (Lb), and stream length of order u streams 
(Lu). The drainage area is considered the most 
significant hydrological characteristic of a 
watershed, reflecting the volume of water that is 
received during precipitation, the infiltration rate 
and time of concetration [12]. The stream order 
parameter was introduced by Horton [13] and 
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received during precipitation, the infiltration rate 
and time of concetration [12]. The stream order 
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Strahler [11] to describe quantitively the 
properties of a river network. The first order 
stream has no tributary, and its flow depends 
totally on surface overland flow. Second
stream are formed by the intersection of two
order streams and demonstrate higher surface 
flow, the third-order streams form when two 
second-order streams are combined and so on. 
In the present case study, all sub-basins (Fig. 2) 
are of fourth-order or higher. The number of 
streams of various orders (�� ) for each sub
watershed was calculated and their lengths were 
measured. For each stream order the total length 
( �� ) was also calculated through G.I.S. 
According to Patel et al. [6], the length of a basin 
is crucial while studying the hydrolo
conditions of a watershed and high values are an 
indication of high drainage capacity. It has to be 
noted that Lb is defined as the distance 
measured along the main flow path from the 
watershed outlet to the basin divide and its 
calculation is more complicated than other 
parameters. 
 
2.2.2 Secondary morphometric parameters
 
Based on the primary parameters a series of 
morphometric indices were calculated for each 
 

 
Fig. 2. The sub-watersheds of Imvrasos river
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2.2.2 Secondary morphometric parameters 

Based on the primary parameters a series of 
morphometric indices were calculated for each 

sub-watershed (Table 1). Eight secondary 
morphometric variables (indices) were 
calculated:  
 

1) Bifurcation Ratio (Rb) is the ratio of the 
number of the streams of a given order to 
the number of streams of the next higher 
order [13] and is an index of relief and 
topographic dissection. Bifurcation ratio 
varies between 2 for flat catchments, and 6 
for steep watersheds or watersheds with 
irregular drainage pattern [14] caused by 
lithology. Low values of this morphometric 
index represent higher flood risk, since 
water tends to gather in a channel.

2) Drainage Density (Dd) is a measure
total length of streams in a watershed per 
unit area, and therefore, it is a measure of 
runoff potential of the catchment. 
Topography, climate conditions, infiltration 
rate and resistance of bedrock to erosion 
play define the drainage density in a 
watershed. High values of D
relatively high density of streams, high 
runoff, a low infiltration rate, very rapid 
concetration time and high runoff potential 
[15].
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3) Stream Frequency (Fs) is calculated as the 
ratio of total number of streams (Nu) in a 
catchment to its catchment area and is 
mainly related to the lithological conditions 
of an area [13]. The Fs value is positively 
correlated with the Dd value for a specific 
basin but a comparison can only be valid 
for sub-basins of comparable area [16]. 
Flood risk in small watersheds increases 
when stream frequency is high. 

4) Texture Ratio (T) refers to the ratio of the 
total number of streams of first order (N1) 
to the perimeter (P) of the basin. It 
combines Dd and Fs in one single variable 
and high values are typical for basins with 
increased flood risk [17]. 

5) Length of Overland Flow (Lg) represents 
the distance that water travels before it 
starts flowing in a definite stream channel. 
Lg has an inverse relationship with the 
average channel slope [6] and is a very 
important morphometric parameter for the 
identification of the hydrological 
characteristics of a sub-basin, and in 
particular to calculate time of concetration 
of water in this sub-basin. Low values of 
length of overland flow are correlated with 
low time of concentration and high flood 
risk. 

6) Elongation ratio (Re) is the ratio between 
the diameter of a circle of the same area 
as the sub-basin to its maximum length 
[18]. The values of Re generally vary 
between 0.6 and 1.0 over a wide range of 
climatic and geological environments 
[14,11]. Lower values describe 
mountainous basins with high relief and 
steep slopes which are usually elongated. 
With increasing values of Re the basins 
tend to be circular and relatively flat. Time 
of concetration is lower in circular basins, 
which tend to be more efficient in runoff 
[19], and flood risk is higher in these 
basins. 

7) Circularity Ratio (Rc) is the ratio of basin 
area (A) to an equal sized circle that has 
the same circumference as the perimeter 
of the basin [20]. Rc is affected by many 
factors (length and frequency of streams, 
lithology, land use, climate, relief etc) and 
higher values are an indication of a circular 
shape and higher flood risk. 

8) Form Factor (Rf) can be defined as the 
ratio of the area of a basin to the square of 
its maximum length [21]. The value of Rf is 
always less than 0.79 in the case of a 
perfectly circular basin. The basins with 

high form factor values (circular) are 
characterized with high peak flow of 
shorter duration, whereas elongated ones 
show a low form factor, and have a low 
peak flow of longer duration. 

 
2.2.3 Prioritization of sub-watersheds 
 
Other researchers have prioritized sub-basins of 
large watersheds by taking into consideration 
that Rb, Dd, Lg, Rf have a direct connection with 
flooding susceptibility [22,23,24] and the 
remaining variables have a reverse relation with 
flood susceptibility. However in small 
mountainous watersheds with intermittent flow 
this is not the case, and we use a different way of 
assigning ranks than in previous works of other 
researchers. The main difference, in this type of 
watersheds, comes from the fact that peak flow 
of a river and flood risk increases, since all water 
arrives at the channel rapidly rather than being 
stored on the landscape and in the soil [25].  
 
Most morphometric variables have a direct 
connection with flood susceptibility and as a 
result we assigned a rank of 1 to the highest 
values of these variables, followed by second-
rank to second highest value a third rank to the 
third highest value etc. The only factors that have 
a reverse relation with flood susceptibility in our 
study are the bifurcation ratio and length of 
overland flow. These ranks were applied 
because: (a) time of concetration (closely related 
to the shape of the sub-watershed) is very 
important when we examine flash floods in small 
watersheds and (b) infiltration rates and river 
drainage efficiency (closely related to the river 
network characteristics) define runoff potential. In 
the previous chapter we analyzed in details how 
flood risk fluctuates with different values of each 
morphometric variable. 
  
We used the compound factor [6] to prioritize 
each sub-basin based on their morphometric 
characteristics. This factor is computed by 
aggregating the assigned ranks of the various 
morphometric variables and then dividing by the 
number of morphometric criteria used for sub-
watersheds prioritization. Finally, all sub-
watersheds were grouped into four priority 
categories based on the range of compound 
factor values [23,26]: 
 

I) Very high priority (< 3.0) 
II) High priority (3.0 - 3.9) 
III) Moderate priority (4.0 - 4.9) 
IV) Low priority (>5.0) 
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Table 1. Basic and secondary parameters calculation 
 
Parameter (Units) Method Reference 
Drainage Order  U: GIS Strahler [11] 
Drainage Area (km

2
) A: GIS  

Basin Perimeter (km) P: GIS  
Nr. of streams in order u ��: GIS Strahler [11] 
Length of Streams in ord. u (km) ��: GIS Strahler [11] 
Basin Length (km) ��: GIS  
Secondary parameters (morphometric indices) 
Bifurcation Ratio �� = ��/�� + 1 Schumm [18] 
Stream Frequency �� = ���/� Horton [21] 
Drainage Density (km/km2) �� = ���/� Horton [21] 
Drainage Texture � = �� × �� Smith [17] 
Length of Overland Flow (km) �� = �/2�� Horton [13] 

Elongation Ratio �� = (2/��) × (�/�)
�.� Schumm [18] 

Circularity Ratio �� = (4� × �)/�� Miller [20] 
Form Factor �� = �/��

� Horton [21] 

 
The final data are visualized through                        
ARGIS PRO to produce the final flash flood 
prioritization map, which ranks the sub-
watersheds according to their susceptibility to 
flash flooding. 
 
3. RESULTS AND DISCUSSION 
 
Firstly we calculated through G.I.S. the basic 
morphometric parameters as they were 
discussed in the methodology section. Imvrasos 
river basin has an area of ~44 km2 as calculated 
by G.I.S: ranging from 3.8 km

2
 for sub-watershed 

W-4 to 8.75 km2 for W-1. Imvrasos river main 
channel is of 5

th
 order and flows through sub-

watershed W-1, while on higher altitudes we 
have a series of 4

th
 order channels flowing 

through the rest of the sub-watersheds (W-2-W-
8). This area is characterized, in most of its part, 
as mountainous. Average altitude is 376 meters, 
ranging from 215 meters (sub-watershed W-1) to 
626 meters (sub-watershed W-6), while the 
maximum altitude is 1153 meters in the case of 
W-6. Average slope is 18.3o ranging from 15.4o 
(W-1) to 22.1

o
 (W-7). Most of the sub-watersheds 

are elongated with the exception of sub-
watershed W-2 that is circular: the length of the 
sub-watersheds ranges from 2.4 km (W-2) to 7.6 
km (W-1).  
 

3.1 Morphometric Indices 
 
We calculated the secondary morphometric 
parameters using the formulas presented in 
Table 1 for each of the sub-watersheds of 
Imvrasos river. The results of our analyhsis are 
presented in Table 2. We observe that: 

 Bifurcation ratio ranges from 3.27 (W-4) to 
5.73 (W-1). The circular shaped sub-
watersheds (W-2-W-4) demonstrate the 
lowest Rb values while the elongated ones 
have significantly higher bifurcation ratio 
(e.g. W-1 has the maximum Rb value). 

 Stream frequency ranges from 2.72 in sub-
watershed W-6 to 5.48 in W-2, depending 
mainly on their lithological properties but 
also size. These differences between the 
sub-basins indicate that there are 
lithological differences across Imvrasos 
river. 

 Drainage density ranges from 2.28 (W-5) 
and 3.03 (W-3). Sub-watersheds W-2-W-3 
show significantly higher values of Dd and 
this is an indication that they are prone to 
flash flooding.  

 Texture ranges from 6.45 (W-5) to 16.52 
(W-2) indicating an increasing flood risk 
when its values are high. 

 Length of Overland flow ranges from 0.17 
(W-2 & W-3) to 0.22 (W-5). Circular basins 
tend to have lower Lg values a strong 
indication of high flood risk. 

 Elongation ratio ranges from 0.35 (W-6) to 
0.72 (W-2). Higher values are indicative of 
a circular basin and W-2 is the most prone 
area for flooding in this respect. 

 Circularity ratio ranges from 0.19 for W-1 
(most elongated sub-basin) to 0.50 for W-2 
and W-3 which again are prone to flash 
flooding according to this shape index. 

 Form factor ranges from 0.10 (W-6) to 0.41 
(W-2). As we have seen, from other 
morphometric indices, form factor indicates 
also that the circular, small watersheds (W-
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2, W-3), seem to be the most sensitive to 
flood events. 

 
This morphometric analysis, takes into account 
all factors affecting flash floods (land cover, 
lithology, climate, morphology). For example the 
elongation ratio is representative of the prevailing 
climatic conditions and the underlying geology. 
The circularity ratio indicates the land cover in 
the area, climatic conditions, elevation, 
morphology, stream frequency and lithology. 
Drainage density shows the natural properties of 
the bedrock. Low values indicate an area where 
permeable lithological formations are                     
present with well developed vegetation                      
and low slopes. Coarse drainage texture is usual                              
in hard rock formations and sparse                  
vegetation, while fine texture is indicative of 
weathered, permeable rock and dense 
vegetation [6]. 
 

3.2 Priority Ranking 
 
After the calculation of the basic and secondary 
variables we rank the morphometric indices, 
based on the methodology presented in the 
methods section. Stream frequency, drainage 
density, texture, elongation ratio, circularity ratio 
and form factor have a direct connection with 
flash floods. For these morphometric indices we 
rank as first priority the highest value, followed by 
second-rank to second highest value and so on. 
For the bifurcation ratio and length of overland 
flow we apply a reverse ranking. These ranks 
were applied because: (a) time of concetration 
(closely related to the shape of the sub-
watershed) is very important when we examine 
flash floods in small watersheds and (b) 
infiltration rates and river drainage efficiency 
(closely related to the river network 
characteristics) define runoff potential. In the 
previous chapter we analyzed in details how 
flood risk fluctuates with different values of each 

morphometric variable. The results of our ranking 
procedure are presented in Table 3.  
 
We observe that sub-watershed W-2 
demonstrates first priority to most morphometric 
variables (FS, Dd, Lg, Re, T, Rf), second rank for 
Rb and third rank for Rc. Sub-watershed W-3 
demonstrates second priority to most 
morphometric variables (Dd, Lg, Re, Rc, Rf), third 
rank for T and fourth rank for Rb and FS. Sub-
watershed W-4 demonstrates mixed ranks, 
having first priority for Rb , third priority for FS, Re, 
and Rf and higher priorities for the remaining 
morphometric indices. Sub-watersheds W-5 & 
W-7 demonstrates low priority values (4 to 8) for 
all morphometric indices, while W-6 is assigned a 
third priority for bifurcation ratio and lower 
priorities for the other indices. Sub-watershed W-
8 has high priority ranks for some of the indices 
(first priority for Rc , second priority for FS and T, 
third priority for and Dd and Lg , forth priority for 
Re and Rf and a low priority rank for Rb. Finally, 
the main watershed of the river (W-1) 
demonstrates high values in all variables. 
 
The compound factor was calculated for each 
watershed and is also presented in the same 
table. With reference to the eight sub-watersheds 
of Imvrasos river, sub–watershed W-2 is given 
rank: 1 with the lowest compound factor at 1.38. 
It is succeeded by W-3 and W-8 with compound 
factor values of 2.63 and 3.13 respectively. Sub-
basin W-1, W-5 and W-6 demonstrate high 
values of the compound factor. 
 
By grouping, as discussed before, the compound 
factor to four prioritized ranks (Table 3) we get 
the final result: out of the eight sub-watersheds, 
W-2 and W-3 are classified as very high priority 
(rank I), W-8 is classified as high priority (rank II), 
W-4 is classified as moderate priority (rank III) 
and the remaining sub-watersheds are classified 
an low priority (rank IV). 
 

Table 2. Morphometric Analysis on a sub-watershed level for Imvrasos river 
 

Sub-basin Rb Fs Dd T Lg Re Rc Rf 

W-1 5.73 3.43 2.57 8.79 0.19 0.44 0.19 0.15 

W-2 3.47 5.48 3.02 16.52 0.17 0.72 0.49 0.41 

W-3 3.92 3.89 3.03 11.64 0.17 0.69 0.50 0.38 

W-4 3.27 4.21 2.38 10.01 0.21 0.67 0.32 0.35 

W-5 4.32 2.84 2.28 6.45 0.22 0.52 0.43 0.21 

W-6 3.71 2.72 2.61 7.10 0.19 0.35 0.24 0.10 

W-7 4.51 2.82 2.55 7.19 0.20 0.44 0.24 0.15 

W-8 4.39 4.33 2.76 11.94 0.18 0.55 0.54 0.24 
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Table 3. Calculation of the compound factor values & priority ranking for the 8 sub-watersheds 
of Imvrasos River 

 
 Rank 

 
Compound 
factor 

Prioritized 
ranks 

Sub-basin Rb FS Dd Lg Re Rc T Rf 
W-1 8 5 5 5 6 8 5 6 6.00 IV 
W-2 2 1 1 1 1 3 1 1 1.38 I 
W-3 4 4 2 2 2 2 3 2 2.63 I 
W-4 1 3 7 7 3 5 4 3 4.13 III 
W-5 5 6 8 8 5 4 8 5 6.13 IV 
W-6 3 8 4 4 8 7 7 8 6.13 IV 
W-7 7 7 6 6 7 6 6 7 6.50 IV 
W-8 6 2 3 3 4 1 2 4 3.13 II 

 
The smaller, more circular watersheds in the 
southern part on Imvrasos river (sub-watersheds 
W-2, W-3) are prioritized as very high (Rank I) 
showing a compound factor of 1.38 and 
2.63respectively. These watersheds have a low 
bifurcation ratio, high drainage frequency, density 
and texture indicating a low infiltration rate a 
relatively high density of streams and a very 
rapid concetration time which increases their 
runoff potential. Length of overland flow is low 
(about 170 meters before a channel is formed) 
and the elongation ratio, circularity ratio and form 

factor have very high values in comparison with 
the rest of the sub-watersheds. This is an 
indication of their round shape which describes 
the sub-watersheds that have lower slopes and 
are usually smaller. These watersheds present a 
very low concetration time of water and tend to 
be more efficient to runoff increasing flood risk 
potential. Sub-watershed W-8 demonstrates a 
high priority (Rank II) with a compound factor of 
3.13. The shape of this basin is relatively round 
and the river network is well developed, leading 
to rapid concetration of water to its outlet.  

 

 
 

Fig. 3. Priority of Imvrasos sub-basins based on the conducted morphometric analysis 
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However the bifurcation ratio for this sub-
watershed is high indicating that water tends to 
disperse amongst different smaller channels 
reducing the peak flow of the main channel and 
thus the compound factor is not as high as in W-
2 and W-3. Sub-watershed W-4 has a moderate 
flood risk potential and is characterized as rank 
III. This particular sub-watershed demonstrates 
very high values of drainage texture and length 
of overland flow and this is the reason why flood 
risk is mitigated. The rest of the basins (W-1, W-
5,W-6,W-7) are prioritized as low (Rank IV) and 
flood risk is relatively smaller in these basins. 
This is the result of a combination of: (a) an 
elongated shape for these watersheds that 
reduces time of concetration and (b) high 
infiltration rates (due to lithology) and not so well 
developed river network, reducing surface flow 
and as a result flood risk is lower. 
 

4. CONCLUSIONS 
 
This work demonstrates that the 
geomorphometric analysis of sub-watersheds 
can be a capable and easy to implement tool for 
their prioritization to flash flood risk. Since it is 
based on Digital Elevation Models, which are 
easily obtained for any area around the world this 
methodology can be applied worldwide, where 
many researchers have published similar works, 
usually for larger watersheds and rivers. In the 
case of small coastal watersheds with 
intermittent flows the ranking of the 
morphometric variables has to be adjusted 
according to the methodology that we propose in 
this paper. Our methodology combines, through 
a simple procedure, all the main factors that are 
controlling flash flood formation (climate, 
lithology, land use, geomorphology). This can be 
effectively implemented through G.I.S. to have a 
first prioritization of flash flood prone areas in a 
watershed. Scale of the topographic data plays a 
huge role for this analysis, since river network 
delineation is affected by scale of the DEM and 
subsequently all the morphometric analysis will 
be different for different scales. However, since 
we are prioritizing watersheds with the same 
data this problem is mitigated. In the areas that 
we prioritized as high, more detailed analysis 
(analyzing its sub-watersheds) should follow. 
Moreover, if actual data about land use, land 
management and lithology are available they can 
be used to improve our results.  
 
In the current study we examined a small coastal 
watershed that has a rich history of flash floods 
(Imvrasos river, Samos island, Greece). In this 

area a lot of previous flash flood events have 
been recorded (e.g. 24/01/2019, 18/01/2010, 
28/11/2001), affecting the outlet of the main 
channel but also upslope areas. 
 
We divided the watershed to 8 sub-watersheds 
and applied our methodology through G.I.S. in 
order to prioritize them according to their flood 
risk potential by using a prioritization method for 
small coastal watersheds. Sub-watershed W-2 
demonstrates first priority to most morphometric 
variables (FS, Dd, Lg, Re, T, Rf) and second or 
third rank for the rest having the highest 
compound factor, being classified as Very High 
Priority. Sub-watershed W-3 demonstrates 
second priority to most morphometric variables 
(Dd, Lg, Re, Rc, Rf) and third or fourth rank for the 
rest of the variables and is also classified as Very 
High Priority . Sub-watershed W-4 demonstrates 
mixed ranks, having first priority for Rb, third 
priority for FS, Re, and Rf and priorities lower 
priority for the remaining morphometric indices 
and as a result it demonstrates a moderate to 
high compound factor and High flash flood risk 
priority. Sub-watershed W-8 has high priority 
ranks for some of the indices but the low priority 
rank for Rb mitigates the compound factor and 
this sub-watershed is prioritized as moderate. . 
Sub-watersheds W-5 & W-7 demonstrates low 
priority values (4 to 8) for all morphometric 
indices, while W-6 is assigned a third priority for 
bifurcation ratio and lower priorities for the other 
indices. These watersheds have a low priority.  
 
We have to note that W-1 is the sub-watershed 
that is crossed by the 5

th
 order stream and flows 

to the sea, receiving water from all other sub-
watersheds. In our study we examine each sub-
watershed individually and rank them according 
to our methodology and we don’t take into 
account the inputs of water from other sub-
watersheds. This is commonly done by some 
researches [24] while other researchers prefer to 
omit the main channel watershed from their 
analysis [23]. However since water gathers to the 
outlet of sub-watershed W-1 flood risk is 
expected to be higher near Iraio village, and this 
can be confirmed by historical flash flood events. 
However the prioritization of upslope sub-
watersheds can prove invaluable to mitigate 
flood risk in those watersheds but also to the 
main channel watershed. 
 
Careful planning and flood prevention actions 
should focus to sub-watersheds W-2 and W-3 in 
the southern part of Imvrasos river and also to 
W-8 in its central part. This study can prove 
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useful for decision makers, private and 
government agencies who are trying to mitigate 
flash flood risk in coastal small basins with 
intermittent flows. More detailed research can be 
applied to the identified Very High priority sub-
watersheds to create more detailed flash flood 
hazard maps by combining also other variables 
like land use, soil type, land management 
techniques etc.  
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