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ABSTRACT

By using remote sensing data, Geographic Information Systems (GIS) provide convenience in determining basin
morphology and watershed planning studies. For this aim, the applicability of the Arc-GIS software in the Afrin
Bridge Basin by processing the Digital Elevation Model (DEM) data using the hydrological analysis tools and
watershed parameters (i.e. basin boundary, variation of elevation, drainage area, stream network, and slope) were
investigated. Additionally, soil and Land Use/Land Cover (LULC) maps were attained using ORNL-DAAC and
CORINE data sources with 250-m and 100-m spatial resolution, respectively. By combining these maps and
basin characteristics, the Curve Number (CN) values, required parameters for the SCS-CN method used in the
rainfall-driven runoff estimations, are mapped over the region. While acquisition of soil, LULC, CN maps and
the stream morphology enables the basin to be evaluated together with climatological data, flood risks and
hydrographs of the region can be determined.
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AFRIN KOPRUSU HAVZASI OZELLIiKLERININ VE EGRI SAYISI
METODOLOJISININ CBS iLE BELIRLENMESI

OZET

Uzaktan algilama verileri kullanilarak Cografi Bilgi Sistemleri (CBS), havza morfolojisinin belirlenmesinde ve
havza planlama calismalarinda kolaylik saglamaktadir. Bu amagla, Sayisal Yiikseklik Modeli (SYM) verilerinin
Arc-GIS yazilimmin hidrolojik analiz araglari kullanilarak islenmesiyle Afrin Kopriisi Havzasinda
uygulanabilirligi ve havzaya ait parametreler (havza siniri, rakim degisimi, drenaj alani, akim ag1 ve egim gibi)
arastirilmugtir. Ek olarak, toprak ve Arazi Kullanimi/Arazi Ortiisii (AKAO) haritalari ise sirastyla 250-m ve 100-
m mekansal ¢oziniirliikli ORNL-DAAC ve CORINE veri kaynaklarindan yararlanarak elde edilmistir. Bu
haritalarin ve havza 6zelliklerinin birlestirilmesiyle, yagis bazli akislarin tahminlerinde kullanilan SCS-CN
yontemi igin gerekli olan, bélgeye ait Egri Numarasi (CN) degerleri haritalastirilmistir. Toprak, AKAO ve CN
haritalarinin ve akarsu morfolojisinin belirlenmesi havzanin klimatolojik veriler ile birlikte degerlendirilmesine
olanak saglarken, bolgeye ait taskin riskleri ve hidrograflari belirlenebilir.

Anahtar Kelimeler: Egri Numarasi, Sayisal Yiikseklik Modeli, CBS

1. Introduction

While water scarcity problems arise with the increase of water pollution and the decrease in the
amount of usable water, natural disasters such as floods with the effects of other excess rainfall and
irregular urbanization threaten the living creatures and the future of vital water. This situation affects
scientific research and political decisions regarding to conservation and sustainability of water. This
impact has created awareness of recognizing and understanding water as a natural resource [1]. The
European Union Water Framework Directive (EU-WFD) declared the necessity for member and
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wishing to become a member country to manage their water resources at basin scale [2]. The basin is a
hydrological unit that explains the natural boundary of water resources and the movement of flow. It
also determines the boundaries of existing areas in a hydrologically independent way [3-4]. Basins are
emerging as suitable planning units for natural resource issues such as water quality, water reserve,
aquatic life and many wildlife environments [5-6]. For this reason, the knowledge of the both
hydrological and topographic characteristics of a basin is important in study of stream morphology,
basin planning and management. Basin modeling programs are used as digital footer and supply very
popular opportunities. The use of Geographic Information Systems (GIS), one of these computer
programs, is increasing day by day and enables determining many features of the basin in a shorter and
safer manner thanks to the integrated software [4,7].

Basin Land Use/Land Cover (LULC), soil, vegetation, drainage characteristics can be obtained
from satellite images and other sources (i.e. terrain analysis, remote sensing, drone monitoring, and
simulations), and processed after geometric corrections with GIS. The LULC map used in this study
was obtained from the Copernicus Land Monitoring Service (CORINE) data source. CORINE is a
program launched in 1985 aimed at collecting information for the European Union on priority issues
related to the environment (i.e. air, water, soil, land cover, coastal erosion, biotopes). It is the
management of the same basic data and the creation of a standard database for the purposes of
determining environmental changes in land, rational management of natural resources and
environmental-related policies in all European Environment Agency (EEA) member states in
accordance with the criteria and classification system established by the EEA. According to the
criteria and classification units of the EEA (44 classes), changes in LULC for monitoring land using
satellite images are detected with the help of remote sensing and GIS [8]. Additionally, soil map data
was obtained from the Oak Ridge National Laboratory Distributed Active Archive Center (ORNL-
DAAC). The ORNL-DAAC for Biogeochemical Dynamics is a NASA Earth Observing System Data
and Information System (EOSDIS) data center managed by the Earth Science Data and Information
System (ESDIS) Project. The ORNL-DAAC is operated by Oak Ridge National Laboratory in
Tennessee, and is a member of the Remote Sensing and Environmental Informatics Group of the
Environmental Sciences Division (ESD) [9]. Later, these processed geomorphological data can be
made available for use by modifying new data entry and analysis in the desired region [10]. Then, it is
possible to determine water potentials and predict flood estimations using rainfall-runoff simulations
by obtaining accurate basin characteristics with developing computer technology.

In this aim, numerous methods (i.e. Rational, Time-Area, Unit Hydrograph, Curve Number and
etc.) have been developed in order to establish a relationship between rainfall and runoff. For example,
the Rational Method that assumes rainfall intensity does not change temporally over the drainage area
is widely used in urban areas [11]. The peak rate of the flow is reflected by the rainfall intensity, and
peak flow rate values are determined based on the drainage area, rainfall intensity and flow coefficient
[12]. On the other hand, the Time-Area Method, as its name suggests, has been developed based on
the time step that takes into account the lag time of flow from a basin area divided into sub-basins to
the outlet. The method converts an effective storm hyetograph into hydrograph [13]. Another method,
the Unit Hydrograph (also called the Unit Graph Method), was developed in the 1930s by Sherman
[14-15]. The procedure assumes that the discharge at any given time is proportional to the runoff
volume, and that the time factors affecting the hydrograph shape are constant. Likewise, the Unit
Hydrograph is a discharge hydrograph resulting from one-inch direct runoff due to precipitation
uniformly and spatio-temporally distributed over the basin for a given period of time [16]. One of the
most widely used rainfall-runoff model for routine design purposes is the Curve Number (CN)
Method. This method is a popular rainfall-runoff model that links rainfall to runoff events assembling
an empirical number depending on the land use, vegetation cover, hydrological soil group, and
hydrological conditions of the region [11, 17].

Rainfall-driven runoff forecast, prediction of the flood risk situation, and existing water
potential over a region is extremely vital importance for living things and decision-making
mechanisms. For this purpose, basin geomorphological maps via GIS were determined in order to use
the CN methodology, which has both national and international applicability and requires less data
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parameters. The Afrin Bridge Basin, located Gaziantep and Kilis, was chosen for the convenience of
access to data and the projects such as utilizing the existing water potential in the region with the dam.
For this purpose, data (i.e. updated elevation, slope, LULC, soil, and CN maps) and their spatial
distribution over the area can be processed quickly by using tools such as GIS in parallel with the
developing technology; thus, possible flooding and time loss can be prevented. In the study, obtained
Digital Elevation Model (DEM) from satellite data is applied in Arc-Hydro module by using Arc-GIS
program. By processing DEM data into the module, the basin boundaries were determined by
assessing the process steps of projection transfer, filling gaps in the DEM, acquiring the flow direction
and accumulation maps, basin delineation, polygon conversion. By deriving slope, soil, LULC
information, infiltration capacity, CN values were determined and mapped over the region. GIS
provided a fast, economical and practical solution compared to classical methods in obtaining basin
parameters.

2. Materials and Methods

Arc-GIS software was used to determine the basin boundaries and characteristics of the study
area. Firstly, in this purpose, DEM data was obtained from the US Geological Survey (USGS) with
30x30 m spatial resolution [18]. After adding acquired DEM data into Arc-GIS software, slope,
elevation analyzes, and basin delineation can be attained from it. It is impossible to transfer the
physical earth, in the form of a sphere, to the map environment without any deterioration. The process
of reducing the three-dimensional earth to two dimensions and representing it with the help of
mathematical or geometric relations is called projection [19]. In the study, Universal Transversal
Mercator (UTM) projection, frequently used in Turkey, applied. In this projection system, the world is
divided into 60 slices at 6° intervals. Therefore, DEM data were adjusted to European Datum 1950
Zone 37N in accordance with the location of the region. In the DEM maps uploaded to the Arc-GIS
software, the steps of projection transformation, filling the gap, determining the flow direction, and
converting the flow accumulation to polygon format were done, respectively. Basin boundaries were
determined as a result of these process steps.

Errors in DEM data are corrected by the Filling Gaps tool after the projection conversion is
completed. As a result of this process, the water will discharge from the higher cell value to the lower
one with ensuring the flow of water. Additionally, accurate determination of flow direction is the basis
for determining the drainage structure of a basin. The D8 method, the earliest and simplest method for
specifying flow direction, has been adopted in Arc-Hydro module. The cells are encoded according to
the clockwise-running D8 algorithm developed by Jenson & Domingue [20]. This method is to assign
flow from each pixel to one of its eight neighbors by determining the direction with the steepest
downward slope. For this aim, the flow direction of each cell is determined. In this algorithm, each of
the numbers 1 (East), 2 (Southeast), 4 (South), 8 (Southwest), 16 (West), 32 (Northwest), 64 (North),
and 128 (Northeast) refers to one flow direction. Flow accumulation, on the other hand, refers to the
amount of water accumulation in each cell of the basin and can be calculated by flow direction
according to the natural laws of water movement. The flow accumulation counts the number of cells
flowing into a given cell. Accordingly, areas with very high values are probably main streams or rivers
whereas areas with lower values can be intermittent streams. Upstream drainage area in a given cell
can be calculated by multiplying the flow accumulation value by the cell area. The cells of the
resulting flow accumulation grid were used in the study to determine whether they were a part of a
flow based on the size of the drainage area or the number of cells accumulated.

Once flow accumulation is complete, the basin can be delineated based on the State Hydraulic
Works (DSI) flow gauging station point. The stream discharges at 36°48'27" N and 36°58'55" E outlet
location and runoff observation are recorded at D19A006 Station operated by the DSI (Figure 1). As it
can be seen from the figure, the study area is located within the borders of Gaziantep and Kilis
provinces. The basin area and its characteristics can be determined with converting cellular data into
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polygon format. The basin area is calculated from the attribute table and the total drainage area
calculated as approximately 619 km?.
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Figure 1. Location of the Study Area

The CN methodology, developed by the U.S. Natural Resources Conservation Service (NRCS),
is applied to rainfall driven runoff simulations [16]. CNs values are a dimensionless parameter used in
the estimation of the basin infiltration capacity, and rainfall-surface runoff potential. The values vary
0-100 (30-100 in practical) and determined based on basin geomorphological characteristics (i.e. soil
map and LULC). The method uses LULC map and Hydrological Soil Group (HSG) information to
derive CN values (Table 1). Therefore, the LULC map, produced from satellite images of the
CORINE, obtained with 100 m spatial resolution [8]. Additionally, the soil information map
downloaded from the ORNL-DAAC database with 250 m spatial resolution [9]. Then, it is added to
Arc-GIS software to determine the soil map of the study area. HSG and LULC maps contain important
information regarding to the basin runoff potential and basin infiltration capacity. Combining these
maps play an important role in the preparation of the CN maps. The basin CN values are determined
by combining the information regarding to basin characteristics additional to soil and vegetation maps
of the basin. As it can be seen from the Table 1, CNs values can be determined based on these
combined maps. HSGs can be divided into four different groups depending on region infiltration
capacity and runoff potential. Among these four HSG characteristics, the soils in group-A have a high
permeability value due to their sand or gravel content, even if they are moist. On the other hand,
group-D is the soils with very high runoff potential and the smallest infiltration capacity. In other
words, while the infiltration rate of the group-A is the highest, the infiltration rate towards the group-D
decreases. Additionally, although the HSGs are the same, CNs values differ depending on LULC map
for wetlands, forest areas, agricultural areas, and residential areas (Table 1). The obtained flow curve
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numbers will allow the use of the most preferred Soil Conservation Service-Curve Number (SCS-CN)
method in a hydrological model for rainfall-runoff modeling and determination of water potential. The
flow diagram developed for the GIS-based determination of the basin morphological characteristics
and the CN methodology obtained accordingly are given in Figure 2. As it can be seen from the figure,
DEM, LULC, and HSG data sets are used to acquire CNs values and several steps done during this
process.

Table 1. Curve Number According to Hydrological Soil Groups [21]

Land Use /Land Curve Number According to HSG
Cover A B C D
Medium Residential 57 72 81 86
Agricultural 67 77 83 87
Forest 30 58 70 77
Wetlands 100 100 100 100
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Figure 2. Flow Diagram for the Methodology
In order to find the rainfall-driven runoff in any region and period, the runoff depth, O, [inches]
can be drived by Equation 1 by using the water balance equation and the proportional equation
hypothesis of the SCS-CN method [16]. In this equation, P represents rainfall depth [inches], and S

[inches] known as basin’s potential maximum retention after runoff begins. Where S is related to the
HSG and LULC maps through the CNs and it is calculated by the following Equation 2. Acquiring
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these maps and basin features can be used in a hydrological model combining with additional
meteorological data (rainfall, temperature, evapotranspiration, wind and etc.), and surface flow and
related flood risk/water resources potential can be estimated.
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3. Results and Discussions

The elevation of the basin ranges from 402 m to 1486 m with general elevation gradient
accelerating from South to North and the outlet point of the basin is in the southwestern of the basin
(Figure 3a). The basin slope, that determines the flow of water, is one of the important elements, and
can be acquired based on the DEM data. Figure 3b shows the distribution of basin slope values. As can
be seen from the Figure 3b, most of the slope values varies from 0 to 60% range over the region while
the interval of 40-60% (0-20%) is dominant in the northwestern and southern (middle) part of the
basin. It is expected that the surface runoff will be high in areas with high slope values while the
amount of infiltration is anticipated to be high in areas with low slope values. The drainage network
covers all tributaries of the streams, whether artificial or natural, permanent or temporary, participating
in the flow. The amount of water flowing into the stream is directly proportional to the basin area and
the precipitation. The drainage network system is a vectorial system and is created by taking into
account flow direction maps [22-23]. Figure 3¢ shows the stream network of the Afrin Bridge Basin,
represented with blue-colored lines. The total stream length in the region is 185.44 km.
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Figure 3.Basin Border, Slope Maps, and Stream Network, Respectively

As it can be seen from the Figure 4a, most of the basin consists of agricultural land. In order to
facilitate the interpretation of the LULC map, the study area has been reclassified according to
Basyigit’s CORINE land use map table [24]. According to the new map, the region is divided into four
groups as agricultural land areas (64.90%), forest (34.90%), water body (0.20%), and residential areas
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(0.09%) (Figure 4b). Soil map, additionally, is classified into four groups according to infiltration
rates: A (the highest degree of infiltration capacity), B, C, and D (the lowest degree of infiltration
capacity). These infiltration groups are shown in Figure 4c, as can be seen from the figure, most of the
study area belongs to Group D. The distribution of CNs values over the region is presented in Figure
4d. As it can be recognized from the CN map, the numbers are between 30 and 100. The lowest values
of the basin are indicated in gray and are located in the northwestern of the basin.
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Figure 4. LULC, Reclassified LULC, Basin Soil, and CNs Maps, Respectively
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4. Conclusions

In this study, the acquisition of basin parameters and geographical information systems of the
Afrin Bridge Basin (619 km?) has been examined. As a first step, in basin planning studies, basin
boundaries and associated parameters are quickly and practically obtained using hydrological analysis
tools of the Arc-GIS software developed on the basis of GIS. DEM maps used in the study can be
applied not only for the study region, but also for the entire region of Turkey. Determination of basin
maps such as soil, land use, vegetation cover, and slope allow understanding basin characteristics and
adding these obtained data recommends acquiring the parameters of basin runoff coefficients. The
basin CN is a rainfall-runoff method established by the US Soil Conservation Service. For this
method, it is necessary to know the soil map, LULC data over the basin. As can be seen from the HSG
map, the majority of the basin consists of the groups-C and D, that refers the soil has very low
permeability capacity. In addition, it is observed from LULC map, that the settlement area is low in
the region while agricultural and forest areas are dominant. Combining these two maps result high CN
values in the region. The combination uses of basin parameters (i.e. basin boundary, elevation,
drainage area, flow network, slope, soil map, land use, vegetation cover, curve number and etc.) and
meteorological data (i.e. precipitation, temperature and evapotranspiration) are promising the chance
to simulate rainfall-runoff processes over the study area with a hydrological model with application of
SCS-CN methodology. Water potentials and possible flood predictions can be analyzed with required
calibration and validation of a hydrological model in the region.
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