Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

EXAMINING THE ADVANTAGES OF AIRBORNE LIDAR
INTEGRATED WITH GIS IN HYDROLOGIC MODELLING
Hakan Celik*1, H.Gonca Coskun1, Nuray Bas1, Oyku Alkan1
1

Department of Geomatics, Istanbul Technical University, Ayazaga Campus, 34469, Turkey. email: celikhakan@yahoo.com, gonca@itu.edu.tr, basn@gmail.com, oyku.alk@gmail.com
Abstract
The aim of this study is to examine the advantages of the Airborne Light Detection and Ranging (LiDAR) integrated
with Geographical Information Systems (GIS) in hydrologic modelling. Balcı Stream Basin is selected as study area,
lying within the boundaries of Borçka district of Artvin city in the northeast of Turkey.
Types of data used in the study are as follows: LiDAR point cloud, Ground Control Points (GCPs) derived from Global
Positioning System (GPS) in the field study and finally LANDSAT 8 satellite image for determination of land use.
TerraScan, TerraModeler and TerraPhoto softwares are used in laser point cloud filtering, classification, modelling
and accuracy analysis; while ArcGIS, Surfer, Global Mapper and Erdas Imagine softwares are used for integration
with Geographic Information System and hydrologic modelling.
Hydrologic modelling requires high resolution elevation data, with relevant vertical and horizontal accuracies and the
basic data form for this is a Digital Terrain Model (DTM). For this purpose, Digital Elevation Model (DEM), Digital
Surface Model (DSM) and DTM were generated from classified LiDAR data with triangulation process, respectively. As
a result of the modelling process LiDAR DTM represented the topography of Balcı Stream Basin very accurately, which
has a very steep slopped and dense vegetated character with a vertical accuracy of 0.1855 m., owing to the advantage
of LiDAR: easily extraction of non-ground objects from the data. In the hydrologic modelling phase; LiDAR DTM was
integrated with GIS and flood peak discharge value (Qp) was calculated. Resulting Qp value was quite close to the
reference value.
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1. INTRODUCTION
In order to reveal accurately the drainage area and the slope of the water basins, which were the most important
parameters for the hydrological studies, the topographic structure of the terrain should be determined very precisely in
the digital environment. Hydrologic modelling requires high resolution elevation data, with relevant vertical and
horizontal accuracies and the basic data form for this is a Digital Terrain Model (DTM).
When the data retrieval techniques for Digital Elevation Model (DEM) and DTM production are reviewed within the
scope of the geomatics science, five basic techniques come to the forefront:
•

Classical ground survey,

•

Digital Photogrammetry,

•

LiDAR,

•

Interferometric Synthetic Aperture Radar (InSAR) / Shuttle Radar Topography Mission (SRTM),

•

Stereo satellite images.

Depending on the specific requirements of the hydrologic modelling task, it is important to examine the characteristics
of the different topographic data sets required for DTM generation and hydrological modeling in water basins.
Traditional methods such as field surveying and photogrammetry can yield high-accuracy terrain data, but they are time
consuming and labour-intensive. Moreover, in some situations, for example, in forested areas, it is impossible to use
these methods for collecting elevation data (Habib et al., 2005).
Compared with photogrammetry, one of the main competing technologies with airborne LiDAR in terms of accuracy,
due to LiDAR’s capability of canopy penetration, DEM generation from LiDAR data overcomes the limitations of
photogrammetry for DEM generation in forested areas (Liu, 2008). Airborne LiDAR systems are also capable of
detecting multiple return signals for a single transmitted pulse (Wehr and Lohr, 1999; Reutebuch et al., 2005). Most
LiDAR systems typically record first and last returns, but some are able to record up to six returns for a single pulse
(Wagner et al., 2004; Lim et al., 2003). Multiple returns occur when a laser pulse strike a target that does not
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completely block the path of the pulse and the remaining portion the pulse continues on to a lower object. This situation
frequently occurs in forested areas where there are some gaps between branches and foliage (Reutebuch et al., 2005).
Recording multiple returns is quite useful for the topographic mapping in forested area or for the description of forest
stand and structure (Sheng et al., 2003). It also makes the creation of a bare earth model possible, which is very
important for hydrological studies. With the LiDAR point cloud data, the xyz value of each point is obtained directly, so
terrain models such as DEM, Digital Surface Model (DSM) and DTM can be obtained at a high speed in data
processing.
The aim of this study is to examine the advantages of the Airborne Light Detection and Ranging (LiDAR) integrated
with Geographical Information Systems (GIS) in hydrologic modelling.

2. STUDY AREA
Study area covers the Balcı Stream basin, which is located in Balcı village just 6 km east of Borçka district of Artvin
Province in north-east part of Turkey.The study area (Figure 1) consists of forestry areas, agricultural areas and
estuaries according to the information obtained from the existing maps. It also represents an extremely hard terrain with
steep slopes and dense vegetation.

Figure 1. Study area.

2. MATERIAL
Types of data used in the study are as follows: LiDAR point cloud (Fig. 2), Ground Control Points (GCPs) derived from
Global Positioning System (GPS) in the field study (Fig. 3) and finally LANDSAT 8 satellite image (Fig. 4) for
determination of land use. TerraScan, TerraModeler and TerraPhoto softwares are used in laser point cloud filtering,
classification, modelling and accuracy analysis; while ArcGIS, Surfer, Global Mapper and Erdas Imagine softwares are
used for integration with Geographic Information System and hydrologic modelling.
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Figure 2. LiDAR point cloud.

Figure 3. GCPs gathered with GPS field survey.
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Figure 4. LANDSAT 8 satellite image.

3. METHODOLOGY
3.1 Lidar Data Classification
Terrain classes are determined by using TerraScan, TerraPhoto and TerraModel modules included in Terrasolid LiDAR
data processing software with unsupervised and supervised classification methods, by making use of orthophotos as
visual reference. After completion of LiDAR data filtering process, the whole LiDAR point cloud package consists of
22 182 274 points has been completely filtered and classified (Fig. 5).

Figure 5. Completely classified LiDAR data.
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3.2. Accuracy Analysis
The classified LiDAR data has been subjected to the accuracy analysis by using coordinates obtained from GPS survey
performed in the study area. Vertical accuracy was found as 0.1855 m., while horizontal accuracy was found 1.16 m. in
X axis and 0.47 m. in y axis. Spatial resolution of LiDAR data was found as 0.6 m. in all classes and 1.8 m. in only
ground class (Fig. 5).

3.3. Model Production
3.3.1 Model Concept
As it was allready known, the concept of 3D model in Remote Sensing science is divided into three basic categories as
DEM, DSM and DTM. DEM is a numerical or 3D representation of a terrain surface produced from terrain elevation
data and consists of an unprocessed and unclassified dataset. The DSM represents the surface of the earth and is a
processed and classified data set containing all the objects on it, and includes all natural and man-made objects such as
roads, buildings and vegetation, together with the bare earth. A DTM is a categorized, processed, representation of the
naked earth from which all natural and man-made objects such as roads, buildings, and vegetation are extracted. While
DSM is used for environmental engineering urban modeling and visualization applications; DTM is often used for flood
and drainage modeling, land use studies, geological purposes and other similar applications.

3.3.2 Model production with LiDAR
13 947 points detected in the air and under ground in the LiDAR point cloud data of Balcı Stream Basin are evaluated
as bad and unfavorable points are called as “Low points” and extracted from the dataset. The remaining data including
22 832 327 laser points are transferred into DEM, DSM and DTM respectively by using TerraScan and TerraModel
softwares (Fig. 6).

Figure 6. DEM (a), DSM (b) and DTM (c) production from LiDAR data set.
In this part of the study, most distinguished capability of LiDAR, known as easily extraction of non-ground objects
from the data set enabled us acquire the bare earth model of the Balcı Basin, in other words DTM, which constitutes a
very important base for hydrological studies.

3.3.3 Comparison of DEM, DSM and DTM generated by LiDAR
Resolutions of LiDAR DEM and DSM were found and compared with the DTM obtained by LiDAR, and a vertical
accuracy analysis was performed and shown in Table 1.
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Table 1. Comparison of LiDAR models.

As seen in Table 1, the LiDAR DEM with a point number of 22 168 327 has a resolution of 0.63 m, a height accuracy
of 0.4062 m. in terms of RMSE; the resolution of LiDAR DSM having a point number of 22 166 274 is 0.63 m, the
height accuracy in RMSE is 0.3397 m; the resolution of the LiDAR DTM with the number of points 2 756 531 is 1.8 m,
the height accuracy in RMSE is 0.1855 m.
As it was seen in Table 1, LiDAR DTM gave the best height accuracy value.

3.4 Hydrologic Modeling
One of the most common problems in projecting river structures is the determination of the maximum flood peak
discharge in the stream. Since the Balcı Stream Basin is smaller than 5 km² and there is no Flow Observation Station
(AGI) and Automatic Meteorological Observation Station (OMGİ) installed on the basin, the Rational Method was used
to create the hydrological model and calculate the flood peak discharge value.
The rational method yields good results in small basins (0.5-5 km2) where the percentage of impermeable areas is large
and the duration of rainfall is greater or equal to the Time of Concentration (Tc) of the basin.
The rational method can be explained as follows: The flood peak discharge “Q”, that the rainfall will bring to the basin
sized as “A”, at the intensity of the “i”.

Q=CiA
Q: Flood peak discharge (m³/sn), i: Rainfall intensity (m/s),

(1)
A: Drainage area (m²),

C: Runoff coefficient (unitless).

3.4.1 Basin Characteristics
The physical characteristics of the Balcı basin were revealed by using ArcGIS 10.4.1 and Surfer 11 GIS softwares (Fig.
7).

Figure 7. The Balcı Basin physical characteristics.
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3.4.2 Land Use and Flow Coefficient (Ch)
The land cover and usage pattern (building, forest, meadow, road etc.) influence the infiltration potential and flow
coefficient of the hydrologic model. For this reason, LANDSAT 8 multispectral (MS) satellite image is provided from
USGS, having a spatial resolution of 30 m., dated 03.05.2013. Land use is determined by using Erdas İmagine software.
Flow coefficient is calculated as Ch=0.4128 (Fig. 8).

Figure 8. Land use pattern and flow coefficient Ch.

3.4.3 Flood Peak Discharge Calculation (Qp100)
Max.rainfall intensity (i) is found as 55 mm/hr from local statistics and flood peak discharge for return period of 100
years was found as 17.85 m³/s. by using the equation (1)
Qp100=0.4128* (55/(1000*3600))*2830578) = 17.85 m³/s.
As the result of the calculations, the LiDAR data gave very close value to the value, measured in a similar basin before,
which was taken as reference as 18.8 m³/s.

4. CONCLUSION
Despite the fact that, it was very hard to get a DTM with the classical data acquiring technics and the accuracy of this
DTM was low in such steep sloped and dense vegetated areas; making use of high penetration and multiple reflectance
properties of the laser pulses, ground and other terrain details had been easily distinguished from each other, and a very
sensitive DTM had been generated having a vertical accuracy of 0.1855 m.
Thus, in cases that there is no flow or precipitation station in the study area; hydrologic modelling could be performed
with rational method and a flood peak discharge value has been obtained which is rather close to the values obtained by
means of measurements.
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