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ABSTRACT

Drainage watershed morphometry plays a major role in terms of understanding flood
dynamics. Flood potentials are explained considering the linear, areal, and relief
morphometry features of the watersheds. In general, there are number of geomorphometric
indices in the description of these features. The formal geometries, geomorphology, geology,
and general climate characteristics, etc., which play a decisive role in the flood potential in
the watershed, can be determined relatively with morphometric indices. In this study, 35
different river watersheds draining their waters to the Aras, located in the center of Igdir
Province, were examined. Geographic information systems (GIS) and statistical software were
chosen to analyze and calculate indices for this research. Flood events occur in these 35
different river watersheds and this study evaluates river watersheds in terms of their flood
potential using 14 different indices. In the evaluation of the results obtained, the values that
have a high impact on the floods are ranked according to their priorities. These results were
evaluated in terms of flood priorities using morphometric analysis and principal component
analysis methods. Flood priorities of watersheds, obtained through two different methods,
are classified as high, medium, or low priorities. The number of common watersheds,
determined based on two different methods, is 8 in river watersheds with "high" priority, 11
in river watersheds with "medium" priority, and 7 in river watersheds with "low" priority.
According to these results, it is seen that river watersheds with high priority flood potential
correspond to the areas where flood events occurred.

© 2021 Jeomorfoloji Dernegi / Turkish Society for Geomorphology
Tum haklar saklidir / All rights reserved.

INTRODUCTION

Floods are one of the most disasters that

engineering  practices on river beds,

occurs in almost every country around the
world resulting in losses of life and property,
and structural damages (Mukherjee & Singh,
2019). Floods and their frequency are
controlled by several factors including climate,
geomorphology, geology, improper

destruction of the flood plain, agricultural land
and forest area due to urbanization and
population growth, etc. (Brown et al., 2007;
Erglnay 2007; Mason et al., 2007; Nied et al,,
2014; Mukherjee & Singh, 2019; Skilodimou et
al,, 2019; Komolafe et al.,, 2020). Floods are
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also one of the most common and devastating
natural hazards in Turkey (Erginay, 2007).
According to the Emergency Events Database
(EM-DAT) data, the flood events that occurred
between 1960 and 2014 caused 876 people to
lose their lives and inflicted an approximate
damage of 800 million dollars on economy.
(Kog & Thieken, 2018; Koc¢ et al., 2020).

Drainage watershed morphometry is one of the
most actively used methods (Kumar Rai et al,,

2017). Drainage morphometry is used to
determine landform developments, flood
dynamics, and erosional processes, etc.

(Cirebal & Erginal, 2007; Memon et al., 2020).
Morphometric analysis is a quantitative
method which is used to understand the
earth’s  surface  processes based on
mathematical measurement of the earth’s
topography (Clarke, 1966; Sakthivel et al,
2019). The morphometric analysis reveals
important information mainly about
topographical, climatic, hydrologic evolution,
and processes in river drainage watershed
through using quantitative measurements
(Strahler, 1957; Morisawa, 1962; Nag &
Chakraborty, 2003; Kim et al.,, 2011; Krishnan
et al.,, 2017). So, scientific interest in drainage
watershed morphometry has increased in
recent years, with the use of geomorphic
indices in studies on watersheds (Fural &
Poyraz, 2015; El Tahan & Elhanafy, 2016;
Amiri et al., 2019; Karabulut & Ozdemir, 2019;
Rahmati et al.,, 2019; Sakthivel et al., 2019;
Eludoyin & Adewole, 2020; Siddiqui et al,
2020). For example, EL Tahan and Elhanafy
(2016) performed a morphometric and
hydrologic analysis to evaluate the flood
parameters. Ozdemir and Bird (2009) tested
different drainage networks which are
extracted from DEM data of 10 m resolution
and topographical maps with 1/25000 scale in
Havran River watershed, Turkey. Utlu &
Ozdemir (2018) explained the flood generation
potential of the sub-basins of the Biga stream
with basin morphometry. There are various
studies conducted through the employment of
drainage watershed morphometry based on
DEM, orthophotos, different scale topographic
maps, satellite images, and field measurement
data using GIS to wunderstand of the

hydrological situation of the watershed
concerning flood (Ozdemir & Bird, 2009;
Youssef et al.,, 2011; Poyraz et al. 2011; Bhat et
al,, 2018; Hamdan & Khozyem, 2018; Bhat et
al., 2019; Elsadek et al, 2019a; 2019b;
Shadmehri Toosi et al.,, 2019). Morphometric
studies measure various river drainage
watershed properties using several indices
concerning linear, areal, and relief parameters
that mainly involve many indices such as

stream order-rank, watershed geometry,
watershed relief properties, ruggedness
number, form factor, drainage network,

density, and texture, etc. (Youssef et al., 2011;
Patel et al,, 2012; Kumar, 2016). These indices
facilitate understanding hydrologic properties
and drainage watershed properties concerning
flood potential (Bhat et al.,, 2019). Because
drainage networks reflect the general
characteristics of the watersheds, which are
geomorphology, lithology, and hydrologic
situation, etc.

The main purpose of this study is to prioritize
watersheds in terms of their flood potential
using geomorphometric indices. For this
purpose, 35 different watersheds in Igdir
Province, Turkey, were selected as study areas.
Linear, areal, and relief morphometric
parameters were used to assess the flood
potential and rank based on morphometric and
principal component analyses (PCA).

2. STUDY AREA

35 different watersheds were selected for the
drainage  morphometry  studies.  These
watersheds are located in the East Anatolian
Region of Turkey in Igdir Province (Figure 1la-
b) and they drain into Aras River. Igdir is
located in an alluvial plain, which is created by
the Aras River and its sub-watersheds. These
watersheds drain from south to north direction
and have a drainage area of approximately
1105.9 km?, and the elevation ranges from
838m to 3627.5m (Figure 1c). The lithology of
the study area varies including Mesozoic,
Miocene, and Quaternary lithological units
based on the 1/500000 scale geology map
(Figure 2a). Basalt, andesite, and pyroclastic
substances originating from Agri Stratovolcano
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occupy large areas in high mountainous areas.
There is an undifferentiated Quaternary
deposit formed by Aras River and its tributaries
in Igdir Plain and its immediate surroundings.
Tectonic and volcanic movements that started

43°45'0"E

in the Middle Miocene and Pliocene were
highly influential in the structural and
geomorphological development of the region
(Saroglu & Guner, 1979; Ketin, 1983; Yulu;
2019).
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Figure 1: a-b) The location of the watersheds c) the elevation of the watersheds
The study area and its surroundings include Areas with high slopes correspond to

Agri Mts. (in English: Ararat Mts. 5137 m), an
extension of the tectonically active collision
zone of the Alp-Himalayan mountain belt
(Nicoll, 2010; Azzoni et al., 2017; 2019). While
narrow and deep valleys with flood character
developed within these N-S oriented
watersheds, valleys with a meandering flow
developed in E-W directional watersheds
(Karaoglu & Celim, 2018). Agrn Mts. is the
source of many watersheds in the study area
and one of the most explicit examples of
glacial morphology and skullcap glacier (Ciner,
2003; de Silva & Lindsay, 2015; Azzoni et al,,
2017). The study area consists of different
landforms that include basalt plateau, alluvial
fans, badlands topography, and floodplain.
Slope degree ranges from 0 to 65.4° which
indicates that the study area is a mountainous
and badlands topography based on the
geomorphology of the study area (Figure 2b).
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mountainous areas. The swath profile south to
the east that is extracted from the study area
represents steep and mountainous topography
(Figure 2c-A-B-Q).

The study area has hot summers and warm
winters, which classified as semi-arid climate
(BSk)  according to Koppen climate
classification (Oztiirk et al., 2017). Moreover,
the average annual temperature is 12.9°C
whereas total precipitation is 268 mm
according to the 50-year data of Igdir
Meteorology Station (857 m.) located at the
center of the 1gdir Province. The highest
precipitation is observed in May (106.9 mm)
and in June (92 mm). Watershed’s stream show
seasonal flows leading to sudden floods. Most
of the settlements or towns that were built at
the intersection of sub-watersheds has
suffered more damage than expected during
flood events. (Figure 3).
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Figure 2: a) The geology map of the study area 1/500000 scale b) slope map c) three swath profiles with red
boxes showing the trend of the max. min. and mean topography of watershed south to the east (A-B-C)

3. MATERIAL and METHOD

10m spatial resolution Topo-DEM derived from
topographic maps was used in this study. The
topographic maps with the working scale of
1:25000 were also used to determine the
drainage watersheds using visual
interpretation  methods. For drainage
morphometry analysis (/) linear, (i) areal, and
(#i) relief aspects that are widely used drainage

morphometric parameters (Table 1) were
applied to 35 different watersheds. These
datasets were geo-referenced using the UTM
projection Zone38, WGS84 horizontal datum
coordinate system. ArcGIS 10.5 was used for
the analysis of drainage morphometry and
Microsoft Office Excel and SPSS were used to
analyze the drainage morphometry and
computation results.
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Figure 3: Flood event that led to harm on settlements and structures in villages (URL-1-2-3-4)

Moreover, SPSS software was used to
determine flood priority rank using principal
component analysis (PCA). In this study, in
which Topo-DEM data were employed, the
ArcGIS Hydrology tool was used to determine
the watersheds. Within this scope, methods,
which may be listed as (l) fill (to remove fill-

sink error), (II) flow direction (D8), (lll) flow
accumulation processes (threshold 500), and
(IV) pour point, were employed to ascertain the
watersheds. The computed morphometric
parameters for all 35 sub-watersheds are given
in Table 2. The general flow chart of the study
is presented in Figure 4.
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Figure 4: General flowchart of the study

4. RESULT and DISCUSSION

The morphometric parameters were evaluated
in terms of linear, areal, and relief aspects that
are widely used in drainage morphometry
based on the flood outputs. Totally 14
different morphometric parameters were used
in 35 different watersheds. Linear aspect
results of the study area include stream orders

and stream number, total stream length,
average bifurcation ratio (Rp), length ratio (R),
length of overland flow (L,), and texture ratio
(T). Areal aspect results include drainage
density (Dg), stream frequency (Fs), form factor
(Ry), elongation ratio (R.), circulatory ratio (R.),
and constant of channel maintenance (Ccm).
Relief aspect results include basin relief (By),
relief ratio (Rn), ruggedness number (R.), and
hypsometric integral (H)).
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Table 1: Morphometric parameters and formula and explanation

No. Parameters Unit Mathhematical expression Reference

Basic parameters

1 A km? Area of river basin Horton (1945)
2 u dimensionless Strahler stream order. Hierarchical rank Strahler (1964)
3 N dimensionless Total number of streams in basin Strahler (1958)
4  Nuoa2s. dimensionless  Total number of streams of each order Horton (1945)
5 L km Total length of stream Horton (1945)
6 Luis., km Total lenght of stream of each order
7 Hupa m Maximum elevation of basin
8 Il m Minimum elevation of basin
9 Huewn m Mean clevation of basin
Linear parameters
10 R, dimensionless Bifurcation ratio, Ry= Nu/(Nu+1) Horton (1945)
Nu= total number of stream segments of order “u”
Nu+1=number of stream segments of next high order
11 R dimensionless Stream length ratio, R= Lu/(Lu+1) Strahler (1964)
Lu= total length of stream secgments of order *“u”
Lu+1=length of stream segments of next high order
12 L, km Length of overland flow, Lg= 1/2*Dy Horton (1945)
3.7 km? Texture ratio, T= N,, *(1/P) Smith (1950)
N,,=Total number of 1*order
P= Perimeter of the basin
Aeral parameters
14 Dy, km/km* Drainage density D, = L/A Horton (1945)
L= total length of streams in basin
A= arca of the basin (km?)
15 F, km? Stream frequency Fs = N/A Horton (1945)
N= total number of streams in basin
A= area of the basin (km?)
16 R, dimensionless Form factor Ry= A/L;? Horton (1932)
L,= basin length (km)
A= area of the basin (km?)
17 R. dimensionless Circularity ratio R.= 41A/P? Miller (1953)
P= perimeter of the basin (km?)
A= area of the basin (km?)
18 R dimensionless Elongation ratio R,= (2/L,)*(A/m)"* Schumm (1956)
L,= basin length (km)
P= perimeter of the basin (km?)
19 Con dimensionless Constant of channel maintenance Schumm (1956)
C=1/D (Drainage density) '
Relief parameters
20 B,R) & Basin relief, B,(R) = Hmax -Hmin Schumm (1956)
21 R, m Relief ratio, R, = H/L Schumm (1956)
H= Basin relief (B,)
L=Maksimum length of the basin Pike and Wilson (1971)
22 H, m Hypsometric Integral= (Hmean-Hmin)/(Hmax-Hmin) - Mayer (1990)
23 R, dimensionless Ruggedness number, Rn =Bh(R) x Dd B, Melton (1957)
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Table 2: Linear, areal, and relief parameters results

Basic parameters Linear parameters Areal parameters Relief parameters

Basin A P Nu L L. R, R, L, T Ds F;, R, R, R, C, B, R, H, R,
no. (km?) (km) (km) (km)

1 224 383 266 112 111.8  3.85 2.11 0.10 539 498 11.86 0.18 0.19 0.48 0.20 434.0 0.04 035 2.16
2 68.0 98.1 838 333 3332 5.08 1.78 0.10 6.61 490 1232 0.06 0.09 0.28 0.20 1895.7  0.06 0.34 9.29
3 10.1 283 33 9.9 42.1 3 3.46 0.11 0.84 4.18 327 0.10 0.16 0.36 0.24 457.6 0.05  0.39 1.91
4 67.3 794 903 23.8 286.6 537 1.69 0.11 9.07 426 13.42 0.12 0.13 0.39 023 1810.5 0.08 0.46 7.71
5 17.8 300 214 9.6 73.4 5.75 1.57 0.12 5.70 4.13 12.04 0.19 0.25 0.50 0.24 610.0 0.06 0.43 2.52
6 973 747 1365 24.1 4458 4.09 198 0.10 14.27 4.58 14.03 0.17 022 0.46 0.22 1822.0 0.08 0.42 8.35
7 119 251 103 9.2 60.5 4.57 435 0.09 3.38 508 8.66 0.14 0.24 042 0.20 251.2 0.03 0.32 1.28
8 8.9 282 97 9.1 47.5 4.38 1.78 0.09 2.72 531 10.85 0.11 0.14 0.37 0.19 240.2 0.03 045 1.28
9 131  91.6 1884 253 620.6 3.53 2.62 0.10 16.14 4.74 1438 0.20 0.20 0.51 0.21 1836.6  0.07 0.51 8.70
10 21,5 40.7 166 15.1 103.2  5.11 1.52 0.10 3.29 4.80 7.73 0.09 0.16 0.35 0.21 692.4 0.05 0.44 3.33
11 145 231 195 7.6 87.5 5.58 2.03 0.08 6.62 6.04 1345 025 0.34 0.56 0.17 156.3 0.02 0.37 0.94
12 39.0 752 464 21.8 1998 452 197 0.09 4.89 513 11.90 0.08 0.09 0.32 0.20 1776.4  0.08  0.30 9.10
13 139 322 170 102 804 3.73 2.84 0.08 4.22 5.78 1221 0.13 0.17 0.41 0.17 392.8 0.04 0.28 2.27
14 184 384 236 123 1198 426 472 0.07 4.96 6.50 12.81 0.12 0.16 0.39 0.15 594.5 0.05 0.28 3.87
15 135 250 150 7.7 74.5 3.87 2.44 0.09 4.59 552 11.12 023 0.27 0.54 0.18 434.0 0.06 0.25 2.40
16 714 456 992 17.1 3623 3.80 1.85 0.09 16.73 5.08 1390 0.24 043 0.56 0.20 1788.1  0.10 035 9.08
17 67.6 72.1 1132 20.0 329.6 4.09 193 0.10 12.17 4.88 16.75 0.17 0.16 0.46 0.21 23614  0.12 059 11.52
18 23.8 306 335 9.0 137.7  4.07 2.14 0.08 8.44 578 14.06 030 0.32 0.62 0.17 944 .4 0.11 031 5.46
19 355 432 560 13.7 190.5 3.45 222 0.09 9.67 536 15.77 0.19 0.24 0.49 0.19 1978.0 0.14 0.44 10.61
20 225 427 305 147 1173 3.90 1.98 0.09 5.40 522 13.59 0.10 0.15 0.36 0.19 1972.8  0.13  0.32 10.31
21 141 352 177 122 770 3.54 415 0.09 3.80 545 12.53 0.10 0.14 0.35 0.18 19869 0.16 0.21 10.83
22 7.1 16.1 70 5.4 40.5 3.79 3.32 0.08 3.22 5.68 983 025 0.34 0.56 0.18 416.6 0.08 0.42 237
23 66.7 535 998 155 3386 3.84 2.14 0.09 14.62 5.08 1497 028 0.29 0.59 0.20 22234 0.14 048 11.29
24 26,5 31.1 342 10.0 1452 4.01 2.05 0.09 8.32 547 1290 027 0.34 0.58 0.18 17412 0.17  0.28 9.53
25 6.5 132 116 4.4 31.2 3.19 2.13 0.10 6.44 4.82 1790 0.33 047 0.65 0.21 252.1 0.06 0.32 1.22
26 113 61.0 1814 148 660.5 3.79 1.88 0.08 23.01 5.85 16.06 0.52 0.38 0.81 0.17 24558  0.17 043 14.36
27 3.4 125 60 4.1 20.5 4.07 197 0.08 3.93 6.00 17.60 020 0.28 0.50 0.17 519.2 0.13  0.47 3.11
28 122 257 232 8.0 65.6 3.70 1.86 0.09 6.96 539 19.06 0.19 0.23 0.49 0.19 1118.2 0.14  0.58 6.03
29 6.0 194 111 5.7 36.8 446 1.63 0.08 421 6.15 18.56 0.19 0.20 0.49 0.16 326.8 0.06 093 2.01
30 3.7 16.6 66 5.4 20.7 85 1.62 0.09 3.13 554 17.69 0.13 0.17 0.40 0.18 428.8 0.08 0.39 237
31 149 275 282 8.0 81.1 3.79 2.09 0.09 7.50 546 18.98 023 0.25 0.54 0.18 1037.0  0.13 0.43 5.66
32 2.8 123 55 33 12.7 3.41 1.67 0.11 3.16 449 19.50 0.26 0.23 0.58 0.22 434.4 0.13  0.46 1.95
33 4.2 122 74 32 20.3 3.80 1.66 0.10 4.49 4.86 17.75 042 035 0.73 0.21 420.3 0.13 042 2.04
34 104 305 179 75 50.6 356 1.72 0.10 4.42 4.88 17.26 0.18 0.14 0.48 021 424.5 0.06  0.37 2.07
35 382 56.6 614 143 1946 492 1.87 0.09 8.40 5.10 16.08 0.19 0.15 0.49 0.20 929.5 0.07 0.22 4.74

4.1. Linear Parameters

Bifurcation ratio (R.) is play major roles runoff
potential and hydrograph curve of the
watershed (Rakesh et al. 2000). R, values
ranging from 3 to 8.5 indicate that some of the
watersheds are structurally controlled whereas
some of are not controlled. While the highest
Ro value result of the watershed is 30 (R, =
8.5), the lowest value result of the watershed
was 3 (R, =3). There were also relatively
higher (>5) values of the watershed that are 2,

4,5, 10, and 11. The well-developed drainage
network showed that R, values ranged from 2
to 5 (Horton, 1945). Higher R, values indicate
more  structural control in terms of
geologically.

Stream length ratio (R) was defined by Patton
in 1988 and R, is affected by many factors such
as topographic conditions of drainage
watershed, surface runoff (Dhanusree and
Bhaskaran, 2019; Sreedevi et al., 2005). The R,
allows us to have an idea about the rate of
retention of water in the stream branches
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depending on the length. The R, values
obtained from 35 watershed values ranged
from 1.52 (watershed 10) to 4.72 (watershed
14). While some of the watersheds showed
higher R, (> 2) including 1, 3, 7, 9, 11, 13, 14,
15, 18, 19, 21, 22, 23, 24, 25, 31, the rest of
them showed lower R, (<2). While high R,
values showed lower-order source for the next
order streams, low values of R, indicated a
limited length of lower-order streams to the
next order.

Length of overland flow (L,) was defined by
Horton in 1945, depending on the drainage
density of the watersheds; it is effective in
revealing the relationship between the factors
controlling superficial erosions. In the
watersheds where the circular and drainage
density is high, the L, value is quite small since
it has more distraction depending on the
density of the water. On the other hand, this
value is relatively higher in the longitudinal
watersheds where water distraction is less. In
the watersheds, located in the selected study
area, the values of L, varied from 0.08
(watershed 11, 13, 18, 22, 26, 27, 29) to 0.12
(watershed 5). This means that the rainwater
has to run over between 0.08 km and 0.12 km
for watershed 11, 13, 18, 22, 26, 27, 29, and
watershed 5, respectively before it gets
concentrated in stream channels.

Texture ratio (T) values depend on the
geological and geomorphological properties,
and infiltration capacity of the drainage
watershed (Thomas & Prasannakumar, 2015;
Vijith & Satheesh, 2006). Watersheds with high
T with values show that there are more first-
order streams whereas watersheds with low T
values show the opposite. T value is higher in
circular  watersheds,  while elongation
watershed shows lower values. The results
given in Table 2 showed that values ranged
from 0.84 to 23.01 for watershed 2 and 26.

4.2. Areal Parameters

Drainage density (D) was defined by Horton in
1932 and it plays a crucial role in
geomorphological evolution, permeability, and
capability of the drainage watershed (Horton,
1945). The results of Dq showed that most of

the watersheds had moderate to high D4 values
of drainage density indicating high surface
runoff, gullied landform, and low permeability.
While the watershed 11, 14, 27, 29 showed the
highest values (6 to 6.50), the rest of the
watersheds had moderate values ranging from
4.13 to 6.50. Watershed 14 showed a very high
value with 6.5 resulting from high surface
runoff rate, high flood peak, and low
permeability characteristics.

Stream frequency (F;) was defined by Horton in
1932 and 1945 and it represents the total
number of streams. A F; of higher values
represent low permeability and more surface
runoff (Melton, 1957). Each watershed's F;
values ranged from 3.27 to 19.5. Most of the
watershed Fs values were greater than 10
except watershed 3, 10, 22. F, values showed
that surface run-off other watersheds would be
more than that of watershed 3, 10, 22.

Form factor (Ry) was defined by Horton in 1932
and it expresses the shape of the watershed
quantitively and ranges from O to 1. A R¢ value
of “0” represents an elongated watershed,
whereas “1” a circular watershed (Sakthivel et
al. 2019). The results Rr values ranged from
0.06 to 0.52. Most of the R values indicates
that watersheds have an elongated geometry
that likely to have low flood peak values.
Watershed 26 and 33 had 0.41 and 0.51 as R¢
values and this represents slightly circular
geometries compared to other watersheds
which mean short duration and the highest
peak flow.

Circulatory ratio (R) was defined by Melton in
1957 and it depends on many factors such as
climate, land wuse/land cover, structural,
lithological, and geomorphological
characteristics of landforms (Kim et al,, 2011;
Sreedevi et al,, 2009). High values represents
circular watershed which indicates higher
vulnerability to sharp peak discharge and
shorter lag time (Ajibade et al, 2010) The
results shows that R. values range from 0.09 to
0.47, watershed 16 and 25, when compared to
other watersheds, had R. values of 0.43, 0.47,
which indicates that they having circular shape
results in shorter lag time and high flood
potential.
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The elongation ratio (R;) was defined by
Schumm in 1956 and it is used to determine
the shape of the drainage watershed. R.
generally ranges from 0.6 to 1.0. Watershed
shape characteristics are divided into 3
categories based on elongation ratio (Re)
values: (1) circular (0.9), (2) oval (0.9-0.8), and
(3) less elongated (0.7), (Sharma et al., 2015).
Re values range from 0.28 (Watershed 2) to
0.81 (Watershed 26). The watershed 2 shows
elongated geometries that indicate a high
infiltration rate and low runoff potential.
Watershed 26 has an oval shape which
indicates high surface runoff, high sediment
transportation rate; while 22, 23, 25, 32 are
less circular. The rest of the watersheds are
more elongated.

Constant of channel maintenance (Cm) is
controlled by drainage watershed relief,
climate, and lithology properties. This
parameter was defined by Schumm in 1956.
The results ranged from 0.15 to 0.24 km?/km
indicating a relatively low erodible surface.
While high Cq values lead to low surface
runoff and high permeability, Low Ccn values
correspond to high surface runoff and low
permeability.

4.3. Relief Parameters

Basin relief (By), was defined by Schumm in
1956 and it determines the shape and
sediment transport suggested by Hadley and
Schumm (1961). The B, values ranged from
156.3 m to 2455.8 m. The watershed 11
showed the lowest values that corresponded to
low transportation and spread of water
through the watershed and low runoff.
Watershed 26 showed the highest Bn values
meaning increased relief values, steeper
slopes, and high stream bed slopes, where
current accumulation decreases the time and
consequently increases the peak of the flood
to increase.

Relief ratio (R,) was defined by Schumm in
1956 means the differences of minimum and a
maximum elevation of the watershed. In the
study area, the R, value ranged from 0.02 to
0.17, and for watershed 7, 8, 11. Ry values in
that area exhibited low, moderate, and high

relief characteristics. The low value of R
mostly depends on the properties of the
resistance lithology of the drainage watershed
and the low degree of the gradient (Kumar Rai
et al., 2017).

Hypsometric integral (H) was defined by
Strahler in 1952 and it means the distribution
of the ground surface area concerning
elevation (Strahler, 1952). H, values play
crucial roles in understanding the hydrological
situation of the drainage watershed area
(Ritter et al. 2002). H, values are divided into
three categories: (1) H: €3 old stage (2) 0.3 H,
<0.6 mature stage and (3) H: 20.6 young stage
(Strahler, 1952; Sarangi et al., 2001). H; is
related to the geomorphological evolution of
the watershed area which is linked with
erosional landform and tectonic processes in
the watershed area (Strahler, 1952; Schumm,
1956) The H; values ranged from 0.21 to 0.93
and this indicate a relatively old and mature
stage except watershed 29 in the area. High
values correspond to high erosion processes,
high sediment transportation, whereas low

values show the maturity stage, which
indicates high permeability, low drainage
density, and low denudation, processes.

Watershed 29 showed high H; values that are
mostly related to the lithology and
geomorphology of the drainage watershed
area.

Ruggedness number (R,) was defined by
Schumm  (1956) and  Strahler (1958),
respectively, indicates the interaction of relief
and dissection; due to the high dissection
watersheds show low relief properties,
however, watersheds with less dissection
exhibit high relief properties (Melton, 1957)
The results show low, moderate, and high R,
values that ranged from 0.94 to 14.36. This
result indicated that the hilly and steep slope
of drainage areas had a high potential of
surface erosion.

4.4. Potential Flood Prioritization of
Watersheds

Prioritization of river watersheds based on
geomorphometric analysis to understand the
flood dynamics of the river is of great
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importance in taking the necessary precautions
and measures against floods. (Mundetia et al,,
2018). Examining the  geohydrological
characteristics using parameters such as linear,
areal, and relief aspects reveals the importance
of morphometric indices (Kumar & Joshi,
2019). Because these indices are hydrologically
related to factors such as surface runoff, peak
discharge, and lag time, directly. (Nooka
Ratnam et al, 2005; Javed et al., 2009;
Meshram & Sharma, 2017; Singh & Singh,
2017; Abdeta et al., 2020). In this study, flood
prioritization was made based on two different
methods by using 14 different indices on 35
basins. The first of these is the morphometric
priority and the other is obtained through the
PCA method. (Malik et al.,, 2019; Martins and
Nunes, 2020; Siddiqui et al., 2020; Waiyasusri
and Chotpantarat, 2020).

4.4.1. Flood priority rank based on
morphometric results

Morphometric analysis is one of the methods
used to estimate the prioritization to
understand the flood outputs in the drainage
watershed scale (Memon et al. 2020). Each
basin was evaluated in terms of flood priority
depending on the indices used. The compound
value was calculated by taking the average of
the total values in each basin. (Choudhari et
al., 2018; Mundetia et al, 2018). The
calculated compound value of watersheds was
evaluated based on each score. Finally, flood
prioritization was determined based on
compound values. While the low values
represented high flood priority, the high
compound values show low flood priority ranks
(Waiyasusri & Chotpantarat 2020). The
obtained compound values were between 6.93
- 28.57. According to these results, priority was
classified as (i) High priority (H: 6.93 - 15), (ii)
Moderate priority (M: 15.1 - 20), (iii) Low
priority (L: 20.1 - 28.57). Flood prioritization of
basins is given in Figure 5. The results
revealed that 8 river basins had high priority
(watershed no. 18, 19, 23, 24, 26, 27, 28, and
31). Basins with high flood priority had a flood
characteristic with sudden flood peaks in a
short time and showed a high degree of
erosional processes and sediment

transportation. 16 river basins were found to
have moderate flood priority. These basins
were 6, 8, 9, 11, 14, 15, 16, 17, 20, 21, 22, 25,
29, 30, 33, 35, which had different geology,
geomorphology, and moderate flood peak. 11
different river basins of the selected area had
low priority including basins 1, 2, 3, 4, 5, 7, 10,
12, 13, 32 and 34, which is clear in Table 3.

4.4.2. Flood priority rank based on principal
component analysis results

In the PCA method, the input information is
assumed to be an n*p matrix. “n” is the number
of observation, which is the number of sub-
basins in this research. “p” represents the
variables to be analyzed, which are the criteria
or the morphometric characteristics of the sub-
watersheds. PCA is used to determine the
priority of watershed based on the flood scale
(Farhan et al. 2017). Table 4a shows the
correlation matrix results of 14 morphometric
indices. Results show that the correlation
between elongation ratio (R¢), and form factor
(Ry), ruggedness number (R.), and basin relief
(Bn), length of overland flow (L.), and constant
of channel maintenance (Ccm is strong (> 0.9).
It is obvious; there is a good correlation (>
0.75) between the circularity ratio (R and
form factor (R¢), form factor (R¢), and length of
overland flow (L,). There is a moderate
correlation (> 0.6) between relief ratio (Rn) and
basin relief (Bn), texture ratio (T,) and basin
relief (Bn), relief ratio (Rn), and ruggedness
number (R,). The principal component loading
matrix result was also evaluated (4b) based on
eigenvalues, which were greater than 1 and
corresponds to 81.17 % of the total variance in
morphometric indices values (4c).

This prioritization was tested in watersheds
and the obtained value was called a compound
parameter value, which was used for priority
assessment. Moreover, component 1: form
factor (Ry), elongation ratio (Re), circularity ratio
(Ro), 2: basin relief (Bn), ruggedness number
(Rn), 3: length of overland flow (L), channel
constant maintenance (C.n) and drainage
density were strongly correlated according to
the inter-correlation matrix results (4a).
Accordingly, Table 4b, showed that the first
component was most highly correlated with
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elongation ratio (R.), form factor (R¢, and and basin relief (Byn). The third component was
circularity ratio (R.). But, the elongation ratio most highly correlated with constant of
(Re) was a better representative. It was also channel maintenance (C.n), drainage density
obvious that the second component was most (Dq), and length of overland flow (Lo).

highly correlated with ruggedness number (R,)

Table 3: Calculation of compound parameters and priority ranks according to morphometric analysis results

Basin

v R Ds F. R L, B, R, R, H T R R, R Cg ‘-"’"/’;’;Z:s""’ Priority
1 20 23 29 13 23 25 26 31 22 19 21 21 21 23 22.64 L
2 6 24 25 27 24 7 8 25 24 15 35 35 34 24 22.36 L
3 35 34 35 4 34 22 31 29 19 35 31 31 26 34 28.57 L
4 4 33 21 29 33 10 13 18 8 8 28 28 33 33 21.36 L
5 2 35 27 34 35 19 21 22 13 17 15 15 12 35 21.57 L
6 13 31 17 18 31 9 12 19 17 5 23 23 18 31 19.07 M
7 8 20 33 2 20 33 32 33 27 29 24 24 15 20 22.86 L
8 11 16 31 26 16 34 33 34 9 34 29 29 31 16 24.93 M
9 31 30 15 7 30 8 11 20 4 3 13 13 20 30 16.79 M
10 5 29 34 35 29 18 19 30 10 30 33 33 25 29 25.64 L
11 3 3 20 16 3 35 35 35 21 14 9 9 7 3 15.21 M
12 9 18 28 20 18 12 9 15 29 21 34 34 35 18 21.43 L
13 27 7 26 6 7 30 25 32 30 25 25 25 23 7 21.07 L
14 12 1 23 1 1 20 18 28 32 20 27 27 27 1 17.00 M
15 19 10 30 8 10 24 22 27 33 22 12 12 11 10 17.86 M
16 22 22 18 25 22 11 10 14 23 2 10 10 2 22 15.21 M
17 13 25 10 21 25 2 2 12 2 6 22 22 24 25 15.07 M
18 15 6 16 10 6 16 16 13 28 9 4 4 8 6 11.21 H
19 32 15 13 9 15 5 5 4 11 7 17 17 14 15 12.79 H
20 18 17 19 17 17 6 6 7 26 18 30 30 28 17 18.29 M
21 30 13 24 3 13 4 4 3 35 28 32 32 30 13 18.86 M
22 24 8 32 5 8 29 24 17 15 31 8 8 5 8 15.86 M
23 21 21 14 11 21 3 3 5 5 4 5 5 9 21 10.57 H
24 17 11 22 15 11 13 7 1 31 11 6 6 6 11 12.00 H
25 34 28 5 12 28 32 34 24 25 16 3 3 1 28 19.50 M
26 24 5 12 22 5 1 1 2 14 1 1 1 3 5 6.93 H
27 15 4 8 19 4 21 20 11 6 27 14 14 10 4 12.64 H
28 28 14 2 24 14 14 14 6 3 13 16 16 17 14 13.93 H
29 10 2 4 32 2 31 29 23 1 26 19 19 19 2 15.64 M
30 1 9 7 33 9 26 23 16 18 33 26 26 22 9 18.43 M
31 24 12 3 14 12 15 15 10 12 12 11 11 13 12 12.57 H
32 33 32 1 30 32 23 30 9 7 32 7 7 16 32 20.79 L
33 22 27 6 31 27 28 28 8 16 23 2 2 4 27 17.93 M
34 29 26 9 28 26 27 27 26 20 24 20 20 32 26 24.29 L
35 7 19 11 23 19 17 17 21 34 10 18 18 29 19 18.71 M
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Figure 6. Flood priority of 35 watersheds based on PCA analysis.
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Table 4: (a) Inter- Correlation matrix, (b) Principal component loading matrix, (c) total variance explained of the

morphometric indices

@ (b)
Morth D, F, R L, B, R, R, H, T R R. Com Morph. Component
Param. Param. 1 2 3 4
R, 1 R, -0423 0.231 -0.082 0.437
Dy 005 1 p, 0080 -0.025 -0.985 -0.032
F. 002 021 1 F 0327 0211 -0.258 0.692
R, -0.26 027 -0.46 1 R 0114 -0.085 -0.266 -0.818
L, 003 -099 -023 -024 1 L, -0.087 0.068 0.970 -0.055
B, -0.15 -0.15 0.10 -0.11 0.11 1 B, -0.106 0.979 0.119 -0.006
R, -0.17 -0.03 0.13 -0.07 -0.01 099 1 R, -0.059 0.991 0.005 -0.031
R, -0.29 -0.08 046 -0.15 -0.12 0.62 067 1 R, 0329 0.722 -0.142 0.135
H; 001 002 036 -037 001 000 -0.02 006 1 H, 0011 0.011 -0.013 0.679
T -016 -0.03 0.26 -021 001 072 075 040 012 1 T 0386 0.744 0.083 0.123
R; -028 015 042 -022 016 004 009 043 009 05 1 R, 0.940 0.149 -0.090 0.158
R. -029 016 046 -0.22 016 .001 004 041 011 048 099 1 R.  0.961 0.099 -0.077 0.178
R. -024 o018 023 -009 018 00 -0.04 028-0.02 037 082 084 1 R.  0.906 -0.013 -0.105 -0.017
C,-0.03 -099 -023 -024 1 011 -0.01 -0.12 0.01 0.01 -0.16 -0.16-0.18 1 C.n -0.057 0.024 0.986 0.040
Initial BEgenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component - -
P Total % of Cumulative Total % of Cumulative Total ©
Variance % Variance %
1 4202 30013 30013 4202 30013 30013 3504
2 3.230 23.070 53.084 3230 23.070 53.084 3172
3 2248 16.057 69.141 2248 16.057 69.141 3.368
4 1.685 12,037 81.179 1.685 12,037 81.179 1.967
5 0920 6575 87.754
6 0.705 5037 92.791
7 0.376 2683 95474
8 0.350 2501 97975
9 0.187 1.335 99310
10 0.045 0325 99635
1" 0.034 0243 99.878
12 0.009 0.062 99.941
13 0.007 0.048 99.989
14 0.002 0.011 100.00
I PCA Priority
I Morphometric Analysis Priority
I Common watershed
S 15-
S 15-
< 4
[72])
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Figure 7: Priority and common watersheds properties based on morphometry and PCA analysis

As mentioned, according to rotated component
matrix results, 8 different indices showed a
high correlation. Thus, 8 indices were
evaluated using PCA compound parameters for
watershed flood priority (Table 5). PCA map
showed that 12 watersheds had a high priority,
15 watersheds had moderate priority, and 8
watersheds had low priority (Figure 6).
According to the morphometric analysis

results, 8 watersheds had high priorities, while
12 watersheds had high priorities based on
PCA analysis. 8 watersheds were found to have
common high priorities (Figure 7). 11
watersheds were found to have moderate
priorities and 7 watersheds to have common
priorities. These results revealed that different
prioritization methods gave the almost similar
results.
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Table 5: Calculation of compound parameters and prioritized ranks according to PCA analysis results

" D, L, B, R, R R, R Co U prioriny
1 23 23 25 26 21 21 21 23 22.88 M
2 24 24 7 8 35 35 34 24 23.88 L
3 34 34 22 31 31 31 26 34 30.38 L
4 33 33 10 13 28 28 33 33 26.38 L
5 35 35 19 21 15 15 12 35 23.38 L
6 31 31 9 12 23 23 18 31 22.25 M
7 20 20 33 32 24 24 15 20 23.50 L
8 16 16 34 33 29 29 31 16 25.50 L
9 30 30 8 11 13 13 20 30 19.38 M
10 29 29 18 19 33 33 25 29 26.88 L
11 3 3 35 35 9 9 7 3 13 H
12 18 18 12 9 34 34 35 18 22.25 M
13 7 7 30 25 25 25 23 7 18.63 M
14 1 1 20 18 27 27 27 1 15.25 M
15 10 10 24 22 12 12 11 10 13.88 H
16 22 22 11 10 10 10 2 22 13.63 H
17 25 25 2 2 22 22 24 25 18.38 M
18 6 6 16 16 4 4 8 6 8.25 H
19 15 15 5 5 17 17 14 15 12.88 H
20 17 17 6 6 30 30 28 17 18.88 M
21 13 13 4 4 32 32 30 13 17.63 M
22 8 8 29 24 8 8 5 8 12.25 H
23 21 21 3 3 5 5 9 21 11 H
24 11 11 13 7 6 6 6 11 8.88 H
25 28 28 32 34 3 3 1 28 19.63 M
26 5 5 1 1 1 1 3 5 2.75 H
27 4 4 21 20 14 14 10 4 11.38 H
28 14 14 14 14 16 16 17 14 14.88 H
29 2 2 31 29 19 19 19 2 15.38 M
30 9 9 26 23 26 26 22 9 18.75 M
31 12 12 15 15 11 11 13 12 12.63 H
32 32 32 23 30 7 7 16 32 22.38 M
33 27 27 28 28 2 2 4 27 18.13 M
34 26 26 27 27 20 20 32 26 25.50 L
35 19 19 17 17 18 18 29 19 19.50 M
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5. CONCLUSION

The flood properties of 35 different watersheds
were evaluated in terms of morphometric
parameters. 14 different morphometric indices
including parameters such as linear, areal, and
relief aspects, were used to determine flood
priority in this study. Surface runoff,
permeability, drainage density, geologic and
relief properties, infiltration capacity are
factors affecting the flood potential. For this
reason, morphometric analysis has a crucial
role in determining the flood characteristics of
a watershed quantitatively at a different scale
using GIS. Also, it helps to prioritize
watersheds for flood potential based on
compound values. According to morphometric
results, watersheds were evaluated in terms of
flood prioritization based on two different
methods. Morphometric analysis and principal
component analysis methods were used in this
study. As a consequence of the morphometry
analysis, 8 watersheds were found to have
high priorities, 17 watersheds to have
moderate priorities, and 11 watersheds to have
low priorities. The watersheds with high
priority correspond to a circular shape that
represents shorter lag time and high peak
flood hydrography. Besides, principal
component analysis (PCA) results showed that
12 watersheds had high priorities, 15
watersheds had moderate priorities and 8
watersheds had low priorities. As the
consequence of morphometric analyses and
the principal component analysis made, this
study revealed that 8 watersheds had high
priority; 11 watersheds had medium priority,
and 7 watersheds had a low priority in terms of
the flood. Basins with high flood risk were the
basins where river erosion factors and
processes continued actively. In these basins,
elevation difference, drainage density, stream
frequency, surface runoff and first stream order
texture ratio values were quite high. There
have been floods in various watersheds in

different  periods. Therefore,  basin
morphometry is of great importance in
understanding floods. The priority

classification showed that necessary measures

should be taken in areas with high flood
potential.
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