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ABSTRACT:

The Digital Terrain Model (DTM) is essential in generating the topographic structure of an area by eliminating its external features.
Conventional survey techniques are still employed to obtain accurate geographic data on the earth's surface. However, accurate land
surveys are now achievable because of the development of Unmanned Aerial Vehicles (UAVs). This study aims to update the
LiDAR DTM for Flood Modeling in Las Nieves, Agusan del Norte, using GNSS and UAS integration. The Static GNSS survey was
carried out to collect precise points for the direct georeferencing of the DJI Phantom 4 GNSS-RTK UAV. There is a continuous
investigation of the influence of flight parameters in creating DTM. Hence, this study also evaluates the effects of overlap percentage
and flight altitude on the quality of the generated DTM. There were 16 flight plans prepared using various combinations of flight
parameters. The UAS data collected was processed using the Structure from Motion. The quality of the DTM was assessed based on
its accuracy and level of completeness to identify the optimal parameters for generating the data model. Based on the results of the
accuracy and completeness of the DTMs, the optimal parameters for generating are 90% and 120 meters. Subsequently, the UAS-
based DTM generated using this combination of flight parameters was utilized in updating the existing DTM of Las Nieves to create
the flood model of the area. The flood model was generated using the hydrologic and hydraulic modeling of the HEC RAS Mapper.

1. INTRODUCTION

Every year, the Philippines is disturbed by natural disasters
resulting in numerous deaths, property destruction, and billions
of economic losses. In 2014, Typhoon Agaton devastated
almost everything in different places of Caraga, especially in
Las Nieves, causing a flash flood in lower areas and destroying
several crops and farms. Recently, Super Typhoon Odette
destroyed various places in Caraga Region. The Las Nieves
municipality has significantly been affected because the Agusan
River has risen almost to its danger level.

These risks and costs can be avoided and decreased by
providing the public with accurate flood risk information,
including the extent of inundation, to generate risk maps.
However, the conventional methods of generating DTM are
expensive, time-consuming, and challenging to organize (Mora,
et al., 2019), many studies have proved that UAV-based aerial
photogrammetry can be competitive in terms of accuracy,
spatial resolution, time, and costs compared with other
terrestrial techniques (LiDAR, Total Station, GNSS) (Jiménez-
Jiménez, Ojeda-Bustamante, Marcial-Pablo, & Enciso, 2021).
With technology, 3D models can be easily created from UAS.

In this paper, the GNSS is integrated with UAS in collecting
quality spatial data. The data is utilized in creating DTM for
updating the existing LiDAR base map. Furthermore, the 3D
Model generated is used in flood mapping and comparing the
efficiency of the updated DTM using UAS and GNSS with the
existing LIDAR DTM of the study area, which is the islet
located at Lingayao, Las Nieves, Agusan del Norte, Mindanao,
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Philippines shown in figure 1. This Islet was determined to have
significant changes in its topography due to floods and other
natural calamities. It has approximately 8.8 hectares consisting
of open space and irregular topography with little bushes and
small trees can be found. The area is known to be flood-prone
because of its lower elevation compared to the nearby lands.
The water from the Agusan River surrounds the Islet; that is
why the rainy season can affect the land’s subsidence.

The main goal of this study is to update the LIDAR DTM for
Flood Modeling using the UAS optimal flight parameters in Las
Nieves, Agusan del Norte, Philippines. Moreover, this study
aims to (i.) update the LiDAR DTM using field UAS
Photogrammetric data; (ii.) generate DTM using the optimal
flight parameters; (iii.) assess the accuracy of the UAS —
derived DTM; and (iv.) generate a scenario flood map of
Tropical Depression Agaton and 2-year rainfall using the
integrated LiDAR and UAS — derived DTM.

2. METHODOLOGY
2.1. Static GNSS Data Survey

A static survey was undertaken for the direct georeferencing of
ground control point coordinates where the mobile station is
placed. The Galaxy G1 South GNSS receiver is equipped with a
static surveying mode on which the position precision is
Smm+0.5ppm in vertical accuracy and 2.5mm+0.5ppm in
horizontal accuracy. The acquisition was divided into two (2)
sessions for 2 hours, morning and afternoon. There were three
(3) stations established. The UAS's ground control point station,
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located near the Islet in Lingayao, was moved to an unknown
location. As shown in table 1, the two known stations were set
up at two AGN stations in Lingayao National High School
(LNHS) and Pinana-an Elementary School (PES). The raw
GNSS data was processed using the Hi-Target Geomatics
Office (English V1.1.2.02 Build 330.04.25) and ToRinex4
(RTKLIB) software. The corresponding adjustment report is
used to select the necessary coordinates to establish the GCP
near the study area.
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Figure 1. The Map of the Study Area, shown using the Updated

DTM of Las Nieves
Table 1. Coordinates of the Static Survey known stations
trol
Con .ro Latitude Longitude Elevation
Station
Lingayao | 8°44°29.14996” | 125°34°54.13853”
NHS N E 94.359m
Pinana- | 8°43°12.34102” | 125°35°59.75812”
an ES N E 85.572m

2.2. UAS Field Survey

The researchers conducted a field survey in Las Nieves, which
involved UAS to acquire sets of images. There werel6 flight
plans created using different combinations of overlap
percentage and flight altitude. The overlap percentages (front
and side lap percentage) considered are 75, 80, 85, and 90.
Subsequently, the flight altitude used were 90 m, 100 m, 110 m,
and 120 m. The equipment used is DJI Phantom 4 RTK, remote
controller, DJI D-RTK 2 Mobile Station, and surveyor’s tripod
(Figure 2). The DJI Phantom 4 RTK rotary UAV is equipped
with a 24 focal length of wide-angle camera and a I-inch
CMOS sensor. The UAS field survey was conducted for seven
(7) days, with a sunny climate and calm periods of alternating
wind speeds. After the field survey, the total images acquired
were 13,904.

2.3. DTM Processing and Analysis

The UAS data was processed using the SfM technique in
Agisoft Metashape software version 1.6.4 (Agisoft LLC., St.
Petersburg, Russia) to generate 16 DTMs. The SfM processing
workflow was repeated in all DTMs while keeping the software
setting constant and the same sets of commands: (1) align
photos by estimating camera location and detecting key points
of the images, (2) build dense cloud using depth filtering from
stereo matching, (3) classify ground points, and (4) build DTM.
Table 2 shows the summary of the Agisoft Metashape
processing settings used.

() S
Figure 2. (a) DJI D-RTK 2 Mobile Station attached to a
surveyor’s tripod; (b) remote controller; (c) DJI Phantom 4
RTK and accessories in a box.

Table 2. Summary of Agisoft Metashape Processing Settings

Align Photos

Accuracy High
Generic preselection Checked
Reference preselection Checked
Reset current alignment Unchecked
Key point limit 40,000
Tie point limit 5,000
Apply Masks to None
Adoptive camera Unchecked
Accuracy High

Build Dense Cloud
Quality High
Depth filtering Mild
Reuse depth maps Unchecked
Calculate point colors Checked
Calculate point Unchecked

Build DEM (DTM)
Projection WGS 84/UTM Zone

SIN (EPSG:32651)

Source Data Dense Cloud
Interpolation Disabled
Point Classes Ground (only)
Set up boundaries Unchecked

2.4. Determining Optimal Parameters

To select the optimal parameters for the DTM generation using
UAS images, the researchers utilized the level of completeness
and the accuracy assessment. The DTM's completeness
percentage was calculated by dividing the "Area with data" by
the "Area with all the data." The DTMs were ranked using the
score values from 1 to 16, where 16 has the highest value.
Furthermore, the accuracy of the DTMs was tested by extracting
the elevation values of the DTM from topographic sites on the
Islet that were inside the study area's boundaries. The data error
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was calculated using the Root Mean Square Error (RMSE,),
shown in Equation 1. The result of the RMSE, value depicts
that the lower the value, the higher accurate the data is. The
level of completeness and RMSE, was ranked from 1 tol6, on
which 16 is the most accurate score. Each DTM's mean scores
were used to calculate the rank scores from the level of
completeness and the RMSE,. The mean values are now
subjected to assessment and their overall ranking.

.
|E (X! B j?! j i
RMSE, = [————
A (1)
RMSE; = RMSE in z coordinates (elevation)
X; = true values

X; = observed values
n = number of observations

where

2.5. Flood Modeling using the Updated DTM

2.5.1. Updating the DTM. The interpolated DTM was created
to automatically covered the holes of the model. Similar
processing parameters was used in creating DTM, however, the
interpolation is enabled in building DEM. In this way, the
nearby pixels will immediately assign pixels to a specific
elevation value. After that, the horizontal accuracy of the DTM
was determined using the Accuracy: (Equation 2), to ensure that
the generated DTM was of high quality.

lEI Yaara—Tcnoa!”

RMSE, = \ SRMSE,

n ¥ Ty n
Accuracy, = 24477=05 = [R;’-:‘.S‘EJ_, + RJ’-:‘.S'E'J.:I (2)

where RMSEx = RMSE in x coordinates (longitude)

RMSEy = RMSE in y coordinates (latitude)

Xoneci | ¥eneer = true values

Xanta/ Yageq = observed values

n = number of observations

After the interpolated DTM was created, the researchers
converted its values to MSL to acquire uniformity with the
LiDAR DTM. In converting the UAS-based DTM into its MSL
value, it was converted using a simple offsetting. First, the
offset is computed by subtracting the MSL value of the AGN
3263 (established benchmark located at Lingayao National High
School) from its corresponding EGM 2008 geoid value. Then,
the DTM was projected to EGM 2008 geoid. In calculating the
MSL values, the offset was added to the UAS-based DTM
elevations projected in EGM 2008 geoid.

Prior to integrating the UAS-based DTM, the cell size must be
the same as the LIDAR DTM. A hole in the LIDAR DTM must
first be created to integrate the UAS-based DTM. The
researchers used the reclassification tool to build a polygon for
the LIDAR DTM's extent. They then used the erase tool to
generate a polygon of the LIDAR DTM with holes, which will
be extracted from the LiDAR raster. Then, the mosaicking of
the UAS-based DTM and the Existing LiDAR DTM is
performed. This process will erase the location that will be
edited out, in this case, is the Islet. Next is to mosaic the UAS-
based DTM using the feathering tool to have a smooth result.

2.5.2. Flood Depth Map Generation. The hydrologic model of
Agusan River Basin was processed on Hydrologic Engineering
Center Hydrologic Modeling System (HEC HMS) version 3.5

to simulate actual and historical rainfall events. by using the
rainfall data recorded by the Advanced Science and Technology
Institute of the Department of Science and Technology (ASTI
DOST) rain gauge and hypothetical rainfall events by using the
Rainfall Intensity Duration Frequency (RIDF) data from the
Philippine  Atmospheric, Geophysical, and Astronomical
Services Administration (PAGASA). RIDF curves provide
information on the likelihood of rainfall events of various
amounts and durations. For this study, we used the RIDF of the
Butuan City PAGASA Weather Station, which is nearest to the
basin. These extreme rainfall events are expressed as a "return
period". For the 2-year return period and Tropical Depression-
Agaton, a 24-hour duration rainfall scenario was constructed in
HEC HMS, wherein the rain was set to peak at the sixth hour
from the start of the simulation

In addition, the 2D hydraulic model of the Agusan River Basin
was generated using Hydraulic Engineering Center River
Analysis System (HEC-RAS) version 5.0.7. It is designed to
perform one-dimensional (1D), two-dimensional (2D), or
combined 1D and 2D hydraulic calculations for an entire
network of natural and constructed channels (USACE, 2016).
The internal flow boundary condition locations and the inflow
condition location flow rate were obtained from the calibrated
HEC HMS model's simulated discharge hydrographs and used
as inputs into the 2D hydraulic steady flow estimation to
simulate flood depths (Makinano-Santillan, et al., 2015).

3. RESULTS AND DISCUSSION
3.1. Static GNSS Data Survey

Based on the Adjustment Report of the morning session, the
weakest baseline consists of the station point from the LNHS to
the Islet with a Standard Deviation of 1273.09 mm. Moreover,
the afternoon session portrays a 1993.47 mm Standard
Deviation from the same baseline. The processing report
described the morning session to have the lowest standard
deviation on its weakest point in the station Islet. Therefore, the
adjusted values for its coordinates are chosen for the mobile
station establishment (Table 3). The height was added to
1.774384 m, which is the height of the mobile station.

Table 3. Ground Control Point Coordinates using GNSS Static

Coordinates Adjusted GCP coordinates
Longitude 125°35° 13.71086” E
Latitude 8° 44’ 14.37020” N
Elevation (m) 84.4009 m

3.2. UAS Images Characteristics

The results of UAS data acquisition have demonstrated
significant implications based on the images acquired, time
acquisition, and Ground Sample Distance (GSD) (Table 4). The
number of images acquired implies a more prolonged
acquisition and processing time in the Agisoft Metashape. The
least number of photos acquired is 191, while the highest
number of images collected was 2,352 (Figure 3).

In addition, the result suggests that as the overlap percentage
increases, the acquisition time will also be longer. Based on the
results, 75% have a lower acquisition time than other overlaps,
while 90% have a higher one. However, the acquisition time
decreases as the flight altitude increases. Regarding flight
altitude, the 90 meters obtained a higher acquisition time than
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other parameters, while 120 meters had a lower. When these
two factors are combined, 75% -120m has the shortest
acquisition time (11 minutes and 29 seconds), while 90% -90m
has the longest acquisition time (1 hour, 31 minutes, and 30
seconds) (Figure 4).

Furthermore, the aspect of GSD illustrated a unique inclination
of data. From the flight altitude of 90 to 110, the values of the
GSD repeated from all the overlap percentage values. The
GSDs of 75%-90, 80%-90, 85%-90, and 90%-90 are the same,
obtaining a value of 2.47. Also, 75%-100, 80%-100, 85%-100,
and 90%-100 with a GSD of 2.74. The 75%-110, 80%-110,
85%-110, and 90%-110 have a value of 3.01. The results show
that the lowest GSD was 2.47 from 75%-90, 80%-90, 85%-90,
and 90%-90, thus obtaining the highest image resolution. At the
same time, 75%-120 and 80%-120 have the highest GSD of
3.29, implying the lowest image resolution Figure 5).

Table 4. Summary of the Acquired UAS Images

Flight Overlap | Flight | No. of Acqlflsmon GSD
Plan Percentage | Altitude | Images Time (cm/px)
No. (hh:mm:ss)

1 75% 90 m 377 00:16:41 2.47
2 75% 100m | 309 00:14:25 2.74
3 75% 110m | 281 00:13:22 3.01
4 75% 120 m 191 00:11:29 3.29
5 80% 90 m 601 00:26:00 | 2.47
6 80% 100m | 518 00:21:45 2.74
7 80% 110m | 430 00:20:17 3.01
8 80% 120m | 388 00:18:42 3.29
9 85% 90 m 979 00:38:55 247
10 85% 100m | 784 00:32:33 2.74
11 85% 110m | 715 00:31:02 3.01
12 85% 120m | 653 00:27:08 3.15
13 90% 90m | 2352 | 01:31:30 | 247
14 90% 100m | 1896 | 01:19:40 | 2.74
15 90% 110m | 1793 | 01:11:09 3.01
16 90% 120m | 1637 | 01:11:33 3.18
2500 2352
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Figure 3. Bar Graph for the visualization of flight plans based
on a number of images acquired with respect to overlap
percentage and flight altitude.
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Figure 4. Bar Graph for the visualization of flight plans based
on acquisition time with respect to overlap percentage and flight
altitude.
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Figure S. Bar Graph for the visualization of flight plans based
on GSD with respect to overlap percentage and flight altitude.

3.3. Generated DTM using UAS

There were 16 DTMS created using the different combinations
of flight parameters. Each DTM portrays different values of
elevations and characteristics, especially in terms of its
completeness and accuracy.
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3.4. Optimal Parameters

Based on the level of completeness, the 80% overlap and 110 m
of flight altitude have the highest percentage of completeness
with 89.02% with a score of 16.00 (Figure 10). On the other
hand, the 90% and 110 m of overlap percentage and flight
altitude have the lowest RMSE of 1.303, and the most accurate
data obtained is the 16.00 points (Figure 11). The summary
demonstrated that the most prescribed overlap and flight altitude
is 90% and 120 m (Figure 12).

When comparing the results to those of older studies, it must be
pointed out that the optimal flight altitude should be between 70
to 150 m to have a more accurate image resolution (Jiménez-
Jiménez, Ojeda-Bustamante, Marcial-Pablo, & Enciso, 2021).
The researchers have verified that using an overlap of 90% is
acceptable because the Agisoft Metashape, a UAS processing
software, suggests that the images must be collected using an
overlap of at least 80% frontal and 60% side lap (LLC, 2019).
Moreover, the Pix4D recommends at least 75% of front overlap
and 60% of side overlap (Pix4D, 2017). According to the main
effect analysis of a study that higher percentages of longitudinal
overlaps reflected a lower RMSE value (Mora-Felix, et al.,
2020). Substantially, the front overlap can be greater than or
equal to the side overlap.

However, a greater than 90% of overlap percentage may
generate a deformation in 3D Models because, with exaggerated
overlaps, the stereoscopic vision may be lost its
photogrammetric construction. Thus, the quality of the product
will not improve even with a longer processing time [85].
Therefore, a front overlap of 70% - 90% and a side overlap of
60% - 80% is recommended, especially on topographic data and
100.00%

DTM generation [6].
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Figure 11. Bar Graph for the visualization of flight plans based
on the RMSE with respect to overlap percentage and flight
altitude.
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3.5. Updating the DTM

3.5.1. Horizontal Accuracy Assessment. Based on the RMSE
calculation in the horizontal coordinates of the LIDAR DTM
and the UAS DTM, the RMSE in the x-coordinate is 0.518 m
while the y-coordinate is 0.017 m. These figures produce an
accuracy of 0.655 m, indicating that 95 percent of the positions
in the UAS-generated model are within 0.655 m of the LiDAR
DTM. Therefore, this DTM can be subjected to data updating.

3.5.2. Updated DTM of Las Nieves using UAS. Based on the
optimal parameters, the 90% overlap and flight altitude of 120
m were chosen. Using the interpolation tool in Agisoft
Metaphase, the researchers were able to create DTM without the
"No Data" pixels using this combination of parameters. The
updated DTM of Caraga Region was created using the
Interpolated UAS Data (Figure 13). This DTM will be the
primary dataset to be considered in creating a Flood Model Map
of the rainfall scenario.

3.5.3. Percentage of Change in the Study Area. Based on the
updated DTM using the UAS technology, the topography of the
study area changes eventually. To determine the amount of
change it occurs, the researchers identified the percentage of
change in the study area by calculating the difference between
the UAS DTM and the LiDAR DTM over the UAS DTM.

In the updated DTM using the UAS, the islet has an area of
87491.723155 m, while the LiDAR DTM is 22057.047012 m.
As a result, the percentage of change is 74.79 percent, implying
that a significant portion of the islet's topography was updated
in the DTM.
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Figure 13. Map of the Updated DTM of Caraga Region using
UAS

3.6. Flood Depth Maps Generation

The researchers generated four (4) flood depth maps. The two
flood maps are created using the existing LIDAR DTM from
2014 (Figure 14 and Figure 15). This base map was simulated
using the software without further manipulation of the data. The
depths of the flood were assessed by comparing Tropical
Depression Agaton with a 2-year rainfall event. The flood map
generated using the Agaton depicts a higher flood depth than the
2-year rainfall. The Tropical Depression Agaton has a
maximum depth of 17.277 meters and a minimum of 0.001
meters. The 2-year rainfall scenario has a maximum and
minimum flood depth of 16.659 meters and 0.001 meters,
respectively.

On the other hand, the flood depth map during the Tropical
Depression Agaton is shown in Figure 16, and the flood map in
a 2-year rainfall scenario is presented in Figure 17. This DTM
base map was the previous output that the researchers have done
utilizing the integration of GNSS and UAS technology to
update the data of the existing LiDAR DTM. Based on the
results, the maximum and minimum flood depth of the DTM
during the Tropical Depression is 17.539 meters and 0.001
meters, respectively. In contrast, the 2-year rainfall depicts a
maximum flood depth of 16.976 meters and a minimum value
0f 0.001 meters.
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Figure 14. Flood Depth Map of Las Nieves during the Tropical
Depression Agaton using the Existing 2014 LiDAR DTM.
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Figure 17. Flood Depth Map of Las Nieves during the 2-year
Rainfall Scenario using the Updated UAS-based DTM.

3.7. Comparison of Flood Depth Maps

The flood depth maps generated were assessed according to
their flood depth values. In this case, the researchers focused on
the study area (Islet) and intended to isolate the area for
comparison. Figure 18 presents the flood maps of both the
LiDAR and the updated DTM during the Tropical Depression
Agaton. The result shows that the flood depth in the updated
DTM is lower than the 2014 LiDAR, which has a maximum
and minimum value of 12.024 meters and 0.527 meters, while
12.122 meters and 2.596 meters for the LIDAR DTM. A similar
implication was presented in comparing the LIDAR DTM and
the Updated DTM in a 2-year rainfall scenario (Figure 19),
where the 2014 DTM depicts a maximum and minimum value
of 11.473 meters and1.951 meters, respectively.

In this observation, the researchers proved that updating the
DTM is essential, especially in generating flood modeling,
because it depicts the latest topographic structure of the area,
thus, providing accurate data interpretation. As we can observe
in both comparisons, the islet area is more extensive in UAS
DTM 2021 than the LIDAR DTM 2014. Therefore, the current
flood hazard in that specific area is lower than in 2014 because
most of the islet will not be fully covered if the water
surrounding it increases. In this case, the essence of flood
modeling is essential to assist with flood risk assessment and
management and reduce flood consequences in urbanized areas.
The accuracy of urban flood simulation findings depends on the
quality of input data, which is, in this case, updating data.
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Figure 18. Comparison of flood depth maps using the existing
LiDAR DTM and the updated data using UAS during the
Tropical Depression Agaton.

Y
“@r

Flood Depth Map using a 2-year Rainfall Scenario

s

1253515 1253520 1253625
7

—
Kiometers
1253515

1253520 125a28E

i
Depth Depth
11.473 i 11.446
£ . 9568 - 9.166
b 7.664 6.885 A
5.760 4.604 v 4
3.855 2.324 Y
g 1.951 0.044 / g procemes [ canen

Sl

Legend

;" P
4 ;
o )
i _Ling F
o f / y
: 4
5 A 5 P
‘

v Updated using:the
UAS-based DTM

Islet

2D Flow Area
¢ Floodplain Boundary
[ municipaity Boundary

[

LiDAR DTM 2014 |
/
/ {

12573515 125°38520° 125735257 126°3515°

Figure 19. Comparison of flood depth maps using the existing
LiDAR DTM and the updated data using UAS during the 2-year
Rainfall Scenario.

1263520 125°3525°8

4. CONCLUSIONS

To summarize the results, this study aimed to update the LIDAR
DTM for Flood Modeling using UAS in Las Nieves, Agusan del
Norte, Philippines. The study integrated the GNSS and UAS to
acquire images for the DTM generation. Using the different
combinations of parameters, the researchers created 16 DTMs
using the SfM processing in Agisoft Metashape. The quality of
the DTMs was assessed based on their level of completeness
and accuracy. The DTM of the study area with the optimal
parameters was then used to update the existing LIDAR DTM
of Las Nieves for the flood modeling of a 2-year rainfall
scenario.

Based on the UAS data, the researchers concluded that as the
overlap percentage increases while the flight altitude decreases,
the acquisition time will increase. The acquisition time will
affect the processing time of the DTM since more images will
be collected with a prolonged time of acquisition. Based on the
quality of the images, the researchers have observed that during
the SfM processing, some photos failed to align since some
images acquired have poor quality due to natural factors such as
lighting. The number of photos aligned dramatically affects the
quality of DTM, especially in terms of its completeness.

During the DTM analysis, it is not recommended to use flight
altitude higher than 110 m when the 75% and 80% overlap are
used since the completeness and the accuracy of the DTM will
decrease. Subsequently, it is better to use higher flight altitude
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when using 85% and 90% overlap to get better completeness of
the DTM. Moreover, for the 90% overlap, the flight altitude of
100 m must not be considered for data acquisition because it
will reflect higher RMSE. For the overall analysis, it is not
recommended to use the 80%-120m and 90%-100m sets of
parameters since they will generate DTM with a lesser level of
completeness and accuracy. It is better to use 90% overlap with
a flight altitude of 110 m and higher. 80%-100m can also
generate a good quality DTM. When considering a 75%
overlap, it is recommended to use flight altitude ranges from 90-
100m. Based on the level of completeness, the parameters 80%
and 110m have the best completeness, which is 89.02%. While
in the accuracy assessment, the flight plan with the lowest
RMSE, which has the highest accuracy, is 90% - 110m. From
the initial findings, the researchers concluded, based o its
average rank score, that the optimal parameters fall in the
combination of 90% overlap and a flight altitude of 120 meters.
Alternatively, it could simply mean that a higher overlap
percentage and flight altitude is better since large portions of
images can be overlapped to create a more concise and detailed
DTM.

Furthermore, based on the generated flood depth maps, the
researchers concluded that it is necessary to update the flood
maps available in a municipality to know the changes in the
structures and topography. In this study's case, the area of the
islet increases as time passes, resulting in a difference in flood
risk. At a similar water elevation in LiDAR and UAS, the UAS
DTM is not fully covered, while the area in LiDAR has already
been submerged. Based on the comparative assessment between
the generated flood depth map on 2014 LiDAR DTM and UAS-
based DTM, it implies that as the data was updated, the flood
depth of the Islet decreased for both considering the Tropical
Depression Agaton and 2-year Rainfall Scenario.
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