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Abstract. Spatial modelling of flood-prone areas will provide maximum results if it is supported
by the accuracy of the data acquired, mainly related to elevation data or the area's topography.
Spatial modelling generated from accurate topographic data can estimate the river's carrying
capacity. This study built a spatial model using data from aerial, terrestrial, and hydrographic
surveys. Aerial surveys were conducted using UAV corrected by terrestrial surveys, GCP, and
ICP. Testing the accuracy of the spatial model is carried out by comparing the results of current
field velocity with the results of 2D Hec-Ras numerical simulations using a variation of the
manning coefficient. The combination of aerial, terrestrial, and hydrographic surveys produces
a cross-sectional spatial model of the river, which is used in calculating the river's carrying
capacity. The river's capacity is calculated using a 2D numerical simulation method using Hec-
Ras software and verified by a mathematical approach based on the flood hydrograph curve. The
results showed that the horizontal accuracy of the GCP was 2.8 cm and the vertical accuracy was
6.5 cm. The results of testing the vertical elevation accuracy of aerial photographs on terrestrial
topographic data measured in the field (ICP) have a Mean Absolute Percentage Error (MAPE)
value of 5.81%. According to the spatial model, the manning roughness value is 0.06-0.09. The
river's capacity based on numerical simulations is 1.700.766 m3, and the results of the
verification using a mathematical approach are 1.683.433 m?® with a difference of 1.02%.

1. Introduction
One of the problems faced by the government of Kendari City in reducing the risk of flood disasters is
the lack of spatial information about the condition of the area that has the potential to be affected by
flooding, which can cause material and non-material losses. The unavailability of this information can
exacerbate the losses incurred if this flood disaster occurs in the future. The next problem occurs in the
managerial aspect, namely the stakeholders or agencies that have duties and functions in flood control.
The problem is that the supporting data in controlling the destructive power of water or flooding are not
integrated, so it is difficult to control. The impact of these problems is the determination of policies for
the direction of the flood control program, including aspects of budgeting that become inappropriate due
to inaccuracies in data and information. Policies that are constantly changing and the absence of a track
record of data make the proposed activities in flood control unstructured and unintegrated.

Spatial modelling of flood-prone areas will provide maximum results if it is supported by the
accuracy of the data acquired, mainly related to elevation data or the site's topography [1]. The extraction
of altitude data to obtain a map of the regional situation can be earned using various methods or
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approaches, such as direct surveys or secondary data from satellite imagery with Digital Elevation
Model (DEM) radar technology. These different methods have their respective advantages and
disadvantages. DEM satellite images and topographic maps from Indonesian Geospatial Agency RBI
maps are accessible data sources for a wide area. The data's weakness is the accuracy level. The RBI
map provides data with a full scale currently available of 1:50.000 and DEM satellite imagery with a
maximum spatial resolution of 0.27 arc second or about 8,3 meters. Field surveys can be carried out
using measuring equipment (Total Station) with a relatively high level of accuracy if carried out with
the correct method and high expertise from the surveyor. Still, it requires time and effort and also higher
costs. The last method that can be used and is currently significantly developed in mapping the area is
unmanned aircraft or Unmanned Aerial Vehicles (UAV) [2]. The use of UAV can provide information
on the condition or situation of a site in great detail with a very high spatial resolution and can cover a
large area in a shorter time [3]. The weakness of the UAV is that the acquired elevation data is Digital
Surface Model (DSM) data or surface elevation features. To improve the accuracy of UAV acquisition
data, DSM can be derived into Digital Terrain Model (DTM) using Bench Mark (BM) as the ground
control point (GCP).

Research on spatial flood modelling has been carried out in various cities worldwide. One of the
studies was conducted to prepare hydrodynamic models and flood inundation mapping using the
Geographic Information System method [4]. The unit of analysis used in the research is the river using
echosounder equipment for river bathymetry mapping. The resulting research output is an integrated
terrain model between land topography data (DEM spatial resolution of 30 meters) and river bathymetry
for flood inundation modelling. The combination of remote sensing methods and Geographic
Information Systems (GIS) is also used to map flood risk downstream of the Togo River, West Africa
[5]. The unit of analysis used is Watershed, with the main output being a flood risk map. In 2018 research
on flood risk assessment using LiDAR technology was carried out using administrative areas as the unit
of analysis [6]. The main output target of this study is to increase the accuracy of the primary data used
in making flood inundation models. LIDAR technology is one of the topographic data acquisition
technologies currently developing but requires very high costs in its utilization, so it isn't easy to use.
Based on previous studies and literature reviews, the researchers intend to assess the risk of flooding
using a photogrammetric approach using UAV technology data to compile a spatial model of the river.
Flood tracking data and bathymetry information are collected in a spatial model of flood inundation
simulation as the basis for compiling a flood risk map in Kendari City, where the initial study is to
develop a spatial model for the downstream area for the calculation of river capacity.

2. Method

2.1. Location

This research was carried out in Kendari City in flood-affected areas in 2013/ 2017, namely downstream
of the Wanggu river. The determination of the boundaries of the study area is carried out based on
historical data on flood events at the research location. The research location can be seen in Figure 1.
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Figure 1. Research location
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2.2. Terrestrial Survey

The Global Navigation Satellite System (GNSS) survey was conducted to obtain the coordinates of the
Ground Control Point (GCP) for aerial photo correction, bathymetric and tidal measurement
benchmarks. In general, 2 GNSS survey methods can be used, namely Real Time Kinematic (RTK) and
Static methods. In principle, the measurement procedure uses a benchmark that has coordinates as a
base and a location benchmark whose coordinates will be known as a rover. The command used in this
study is the CORS (Continuously Operating Reference Stations) station and several stations of the
nearest geodetic control point as an alternative.

2.3. Aerial Survey

The stages in mapping river landscapes using UAV technology are divided into 5: the initial survey of
the location, pre-flight field work for GCP installation and UAV vehicle testing, UAV flight missions,
quality check, data processing, and data extraction.

1. Initial Survey Map Site; This stage is the initial or preparation stage before data collection is
carried out. The most critical aspects that must be carried out at this stage are identifying obstacles
(obstacle identification), determining the position of the take-off and landing point, and designing
the flight path. The trials included administrative practices, licensing arrangements, and the
preparation of equipment and materials used in data collection.

2. Pre-flight fieldwork; The initial survey of the site map results is used to identify the Ground
Control Point installation point (GCP) as the control point for developing orthomosaic photos.
The GCP is installed on the flight path traversed by the UAV and avoids obstacles so that it is
easily observed during the geometric correction of aerial photographs. Installation of GCP control
points using the Global Navigation Satellite System (GNSS survey approach with the Real Time
Kinematic GPS (RTK-GPS) method by taking the base at the nearest geodetic control network
point from the research location (maximum distance of 2 km). The RTK-GPS method was chosen
because it has a position accuracy level ranging from centimetres to decimeters [7]. At this stage,
a UAV readiness check is also carried out, which includes flight altitude and camera settings.

3. Flight missions; The flight mission is carried out in several stages based on the design results
(flight plan) on the Drone Deploy application. The UAV vehicle used in this mission is the DJI
Mavic 2 Pro, with a maximum flight duration of 30 minutes at a safe distance of 500 meters.

4. Data Processing and Quality Check. Data processing and quality checks were carried out using
ArcgisPro software. Data processing begins with flight path reconstruction, photo compilation,
Ground Control Point correction, dense point cloud construction, and creating DEM and
orthophoto.

5. Data Extraction. The data extracted from the results of data processing consists of raster data
(aerial photos in tif and DEM format) and vector data in the form of points, lines, polygons, and
objects. The data is then used as input in preparing the calculation of river capacity.

2.4. Hydrographic Survey

A hydrographic survey collects hydrographic information, including depth, currents, sediments, tides,
and details of the situation and shoreline. The generalization begins with determining the boundaries of
the area to be measured, preparing the route, preparing tools and vehicles (ships), and measuring tides.
In general, the stages of this activity can be seen in Figure 2. In this study, the hydrographic survey
focused on measuring the depth of the river and the tides, which also affect the water level in the river.

Sounding Path
Arrangement

Site Orientation > Tools Preparation

v
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Bathymetric Map Data Collection and Quality Chekking | <

Figure 2. The steps of the hydrographic survey
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3. Result and Discussion

The terrain model is a spatial model as the primary data used in calculating river capacity and flood
simulations as a basis for determining flood hazards [8]. The terrain model in this study was compiled
using data from aerial photo surveys, river bathymetry surveys, and terrestrial surveys/ topographic
measurements directly in the field at several points. The topographic data generated from the processing
of aerial photographs is then combined with bathymetric data and tested for accuracy using a sample of
data from direct measurements in the field called the Independent Control Point (ICP). The graph of
filed information, distribution of ICP points, and comparison of data between ICP and the result of aerial
photos can be seen in Figure 3.
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Figure 3. Terrain Model and The Distribution of Independent Control Point

Based on the Digital Surface Model (DSM) accuracy test of the downstream elevation, the average
error data from aerial photography is 0,18 meters or 18 cm, and the mean absolute percentage error
(MAPE) is 5.81 %. MAPE provides information on how significant the error value of the simulation
data is to the measured data in the field [9]. The range of values used is the model's ability, or the
prediction results are excellent if the MAPE value is less than 10 %, while the forecasting model is bad
if the MAPE value is greater than 50%. Based on the data analysis, the Mean Absolute Percentage Error
of terrain model elevation is 5.81% (Very Good). The comparison of field elevation data and terrain
model can be seen in figure 4.
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Figure 4. Comparison of Elevation Data from Aerial Photos and Field Data
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The river cross-section spatial model data is then used to analyze and determine the volume of the
downstream capacity of the Wanggu River. The capacity analysis is carried out by 2D Numerical
simulation using Hec-Ras. Hec-Ras is one hydraulic model used widely in simulating flow patterns on
the river [10]. Before carrying out the capacity analysis, the first step is to validate the simulation model
to determine the appropriate computational grid size and the manning roughness coefficient according
to the conditions in the field. The input data used is a cross-sectional spatial model of the river as a
terrain model, upstream flow/discharge (Q25), and stage hydrograph using tidal data from secondary
data. Data validation is carried out using the results of current velocity measurements at several
measurement points. The current velocity measurement data is also used to determine the manning
roughness coefficient at the bottom of the Wanggu River. The simulation scheme can be seen in Figure
1.

The type of riverbed at the research site is muddy soil. Based on the roughness table of the manning
roughness coefficient data from the literature study results, the range of manning values for soil channels
is 0.016 to 0.14. The selection of the value range was also based on the riverbed characteristics obtained
from the bathymetric measurements using deeper sonar (Figure 5). Orange colour indicates the primary
type of complex (hardest) channel in the form of subgrade, brown (medium), and black (smoothest).
The green layer indicates the reflection of sonar waves with a weak signal indicating an organic layer
above the surface of the riverbed. The simulation is carried out by inputting the discharge at the inflow
and the tide at the outflow points. The results of the discharge measurement at the simulation input
location can be seen in Figure 6. At the time of measuring the condition of the Kendari Bay waters
towards high tide, the sea level elevation was at a position of 0.8 — 1.06 mdpl, and the measured
discharge at the inflow point was 16,176 m3/s.
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Validation is done by comparing the flow velocity of the measurement results in the field with the
flow velocity of the simulation results at Point | and Point 1l. Model validation was also carried out
using data from measurements in the area and evaluated using the Mean Absolute Percentage Error
approach. In verifying the model, the manning roughness coefficient was also analyzed to determine the
most suitable range of manning roughness for use in 2D flow simulations downstream of the Wanggu
River, Kendari City. A comparison of flow velocity results from simulation and field measurements in
several ranges of manning values (n = 0.01 —0.14) can be seen in Figure 7.

........
.....

Figure 7. Comparison of Flow Velocity Simulation Results and Field Measurements in the Range n
0.01- 0.14 Validation Points | (A) and 1l (B)

Based on the graph, it can be seen that at validation point I, the flow velocity of the field measurement
results of 0.243 m/s has a comparable value to the simulation results using a manning coefficient of 0.06
with a Mean Absolute Percentage Error (MAPE) of 4.46%. Meanwhile, at validation point I1, the flow
velocity of the field measurement results has a value with the simulation results at 0.09 manning
coefficient with a MAPE value of 2.56%. The data from the simulation shows that the spatial model of
the downstream area of the Wanggu River resulting from aerial photography, topographic surveys, and
bathymetry has a manning coefficient value range between 0.06 — 0.09. The spatial model that has been
validated is then used in simulations to determine the downstream capacity of the Wanggu river. The
flood discharge used is the flood discharge for 25 years in the Upper Wanggu Sub-watershed and tidal
data in the downstream area. The determination of the carrying capacity is based on the simulation time,
which shows an overflow in the river at 2 hours 45 minutes after the flow of the flood discharge at the
25-year return period. Based on the simulations, the river overflows when the upstream burst reaches
435,271 m3/s, and the recorded volume accumulation in the downstream area is 1,700,766 m3. Based on
these data, it can be concluded that the maximum capacity of the downstream region of the Wanggu
River is 1,700,766 m?. In addition to the simulation method, the calculation of the river's carrying
capacity is also carried out using a mathematical approach using a 25-year flood hydrograph curve graph
used as input for simulation data, which can be seen in Figure 8.
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Figure 8. 25-year Return Periode Hydrograph
Based on the figure, it can be seen that the hydrograph curve approaches the polynomial equation
pattern y = 0.0011x5 - 0.0831x° + 2.3417x* - 29.108x% + 136.13x? - 17.099x - 22.942 f(x) with a

coefficient of determination R? = 99.06% where the x-axis is time (t) and y-axis is discharged. From the
simulation results, there was an overflow in the river when the discharge reached 435.271 (y = 435.271),
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precisely at the 2nd hour over 45 minutes (2.75 hours) which can be seen in the formula below. Calculate
the volume of the river's capacity. It can be done by integrating the equation of the curve function
concerning time on the X axis and then converting it to seconds and reducing the function at the
maximum discharge during a flood event. The equations in calculating the volume of the downstream
capacity of the Wanggu River are:

JEorerion £ (x) — g(x) ox L)

to

Based on the calculations using the above equation, the downstream capacity of the Wanggu River
is 1,683,433 m®. Compared with the simulation data, there is a difference of 17,333 m? or 1.02%. Based
on the results of the simulation and mathematical analysis, it can be concluded that the downstream
capacity of the Wanggu River is in the range of 1,683,433 - 1,700,766 mq.

4. Conclusion

The results showed that the horizontal accuracy of the GCP was 2.8 cm and the vertical accuracy was
6.5 cm. The results of testing the vertical elevation accuracy of aerial photographs on terrestrial
topographic data measured in the field (ICP) have a Mean Absolute Percentage Error (MAPE) value of
5.81%. The manning roughness value of the spatial model is 0,06 -0,09. The river's capacity based on
numerical simulations is 1.700.766 m?, and the results of the verification using a mathematical approach
are 1.683.433 m3 with a difference of 1.02%.
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