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Flooding is one of the most devastating natural disasters occurring annually in
the Philippines. A call for a solution for this malady is very challenging as well as
crucial to be addressed. Mapping flood hazard is an effective tool in determining
the extent and depth of floods associated with hazard level in specified areas that
need to be prioritized during flood occurrences. Precedent to the production of
maps is the utilization of reliable and accurate topographic data. In the present
study, the performance of 3 digital elevation models having different resolution
was evaluated with the aid of flood modeling software such as hydrologic
engineering centre-hydrologic modeling system and hydrologic engineering
centre-river analysis system. The two-dimensional models were processed using
three different digital elevation models, captured through light detection and
ranging, interferometric synthetic aperture radar, and synthetic aperture radar
technologies, to simulate and compare the flood inundation of 5-, 25- 100-year
return periods. The accuracy of the generated flood maps was carried out using
statistical analysis tools - Overall accuracy, F-measure and root-mean-square-
error. Results reveal that using light detection and ranging—digital elevation
model, the overall accuracy of the flood map is 82.5% with a fitness of 0.5333
to ground-truth data and an error of 0.32 meter in simulating flood depth which
implies a promising performance of the model compared to other data sources.
Thus, higher resolution digital elevation model generates more accurate flood
hazard maps while coarser resolution over-predicts the flood extent.
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The Philippines is one of the countries primarily
affected by flooding caused by typhoon due to its
archipelagic and geographic location (Ginnette, 2013;
Senate Economic Planning Office, 2013; Calang,
2017). It ranked as 3™ next to China and India that
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has been reported with natural disasters’ incidence
(Juban et al., 2012). Typhoons usually occurred every
year (y) and some left the country with casualties
and/or damages (ADRC, 2013; Dela Cruz, 2016). The
impact repeats as typhoon visit the country because
disasters preparedness is not yet fully implemented
due to the absence of baseline information and
collaborative effort in eradicating those impacts.
Flood modeling has become a typical method in
simulating flood scenarios and inundation maps
for effective identification of areas to be monitored
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when flooding is going to occur. Through the use of
flood modeling software - HEC-HMS and HEC-RAS,
the simulations of hydrologic and hydraulic data
were done to calibrate basin model (Puno and Barro,
2016) and to produce flood hazard maps (Puno et
al., 2018), respectively. However, the result of this
simulation greatly depends on the availability of
accurate topographic data that can represent the
ground-truth of modeled area to produce a near-real-
time flood scenario as possible (Podhoranyi et al.,
2013). Digital elevation model (DEM) as the primary
baseline of ground topography has a significant
influence on the calculated river hydraulics and the
extent of inundation areas (Nicholas and Walling,
1997; Horritt and Bates, 2001) and it is therefore
important that its resolution be optimized to the
greatest possible extent (Casas et al. 2006). Saksena
(2015) confirmed that the resolution of DEM plays
an important role in the reliability of the generated
flood hazard map. In recent years, Philippine research
studies are using the DEM out of light detection and
ranging (LiDAR), Interferometric Synthetic Aperture
Radar (IFSAR), and Synthetic Aperture Radar (SAR)
technologies. These were considered because of its
higher resolution compared to the other DEM offered
online. LiDAR is a remote sensing technology that
uses laser pulse in measuring variable distances to
the Earth and it generates actual, three-dimensional
information of the configuration of the Earth and its
surface characteristics (NOAA, 2012; UPD-TCAGP,
2013). LiDAR-derived data are well-known and
attractive due to its high horizontal resolution (USGS,
2008; Dowman, 2014; Chen et al., 2017) and vertical
accuracy (Gillin et al., 2015; Chen et al., 2017) and
became a most useful tool in hydrodynamic modeling
and flood mapping (Wedajo, 2017). The elevation
data from LiDAR is used to provide inputs such as
river cross-section geometry, floodplain topography
(Council, 2007, 2009), and flood-plain roughness
(Mason et al., 2003; Casas et al., 2010) for flood
inundation models. However, acquiring such data is
costly(Hummeletal., 2011)thusitlimitsand prioritizes
the acquisition in highly vulnerable areas to flooding.
Other alternatives such as IFSAR and SAR DEM were
also used in the absence of LiDAR with a larger area
covered. IFSAR and SAR DEMs were gathered using
transmitted pulses of radio waves to illuminate a
target scene and echo of each pulse is received
and recorded that allows the creation of higher-
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resolution images (Mercer, 2001). Several countries
were still using and relying on coarser resolution,
less accurate DEMs to create flood inundation maps
(Sanders, 2007). Further, the advocate on the use
of high-resolution DEMs is increasingly catching
much attention in flood modeling studies (Haile and
Rientjes, 2005). Numerous studies have been directed
on the importance of higher resolution DEMs in flood
inundation mapping which produces more accurate
flood maps (Brandt, 2005; Marks and Bates, 2000;
Omer et al., 2003; Werner, 2001; Puno and Amper,
2016; Puno et al., 2016). In the Philippines, DEMs of
LiDAR, IFSAR, and SAR were currently being used in
flood modeling studies having a 1 and 5-meters, and
10-meter (m) resolution, respectively. However, the
outputs of these 3 DEMs were significantly different
due to its various resolutions. Particularly, the most
reliable inundation maps are generated with the use
of more detailed and 1 m resolution DEM produced
by LiDAR technology (Haile and Rientjes, 2005). LiDAR
data has a horizontal resolution of as high as 0.5 m
and vertical accuracy of 0.15 to 0.25 m (Aguilar et
al., 2010; Giglierano, 2010 and Smith, 2010) which is
deemed advantageous in producing accurate flood
maps compared to other DEMs. The resolution and
accuracy of DEM influences and have a substantial
impact on water surface elevations and flood extents
(Saksena, 2015). Consequently, flood modeling best
performs in LIDAR DEM compared to other DEM data
sources (Hailes and Rientjes, 2005 and Schumann et
al., 2008). Thus, this study will present the outputs
of three different DEMs to illustrate and suggest the
applicability of using LiDAR-derived DEM in flood
inundation mapping and its comparison with SAR and
IFSAR DEM s in generating flood hazard maps are not
yet elucidated which leaves a wide gap in the field
of research. Correspondingly, this has become the
subject for research towards higher resolution and
accurate flood hazard maps for disaster preparedness
and risk mitigation. This study has been carried out
in Taganibong Watershed, situated in the province
of Bukidnon, Mindanao, Philippines in 2018 under
the project of geo-informatics for the systematic
assessment of flood effects and risks (GeoSAFER)
for a resilient northern Mindanao/ Cotabato of
Central Mindanao University (CMU). This project is
the continuation of the project entitled Philippine-
LiDAR 1 (Phil-LiDAR 1) headed by University of the
Philippines — Diliman (UPD) which it aims to develop
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flood hazard maps of all the critical river in the nation.

MATERIALS AND METHODS

Location of the Study

Taganibong Watershed is located in the province
of Bukidnon, southeast of Cagayan de Oro City in the
island of Mindanao, Philippines with a geographical
coordinates of 7° 48’ 46.7” north to 7° 56’ 11.84”
north latitudes and 124° 56’ 59.36” east to 125° 4’
41.56" east longitudes. The watershed is elongated in
shape (Puno et al., 2015) and has an estimated area
of 6,000 hectares (ha). It has an approximate lowest
elevation of 277 m and highest elevation of 1,334
m. Taganibong river traverses from its headwaters in
Valencia City and drains to Pulangi River for an about
30 kilometers (km). The river has caused flooding
(Puno et.al., 2015) specifically in the area of CMU and
it contributes to the water level rise of Pulangi River,
one of the major rivers in the province of Bukidnon
(Galarpe et al., 2017) and one of the major tributaries
of Rio Grande de Mindanao (Pradhan et al., 2016;
UPLB, 2017).

DEM processing

Due to its various resolution, IFSAR and SAR
DEMs were resampled into 1-meter using the raster
calculator tool in ArcGIS 10.2 to make it similar and
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Fig. 1: Geographical location of Taganibong Watershed in the Philippines

comparable with LIDAR DEM. Bathymetric data
consists of the riverbed elevation was interpolated
using the Inverse Distance Weighted (IDW), an
interpolation tool in ArcGIS 10.2, which it uses a
linearly weighted combination of a set of bathymetric
data points to determine cell values and to create
its own DEM. The resulted bathymetric DEM was
integrated into each DEM using the feathering tool
developed by UPD. Hillshade tool was then used in
presenting the terrain of each DEM. Moreover, the
10-m contour lines and percent slope classes were
also generated by processing the DEM using ArcGIS
10.2 spatial analyst tool to show the spatial difference
of the 3 DEMs. By examining these parameters it
would define how detailed and high resolution the
DEMs and could support the differences in further
results.

Basin model pre-processing

Taganibong River channel and a 10 m resolution
SAR-DEM were the primary data used in creating a
basin model. The river channel was digitized using
Google Earth while SAR-DEM was gathered from
UPD during the implementation of Phil-LiDAR 1
project last 2014-2017. SAR-DEM was considered
since it covers the whole stretch of the basin. The
data were processed using GeoHMS10.2 tool plugin
in ArcGIS 10.2 to generate an HMS basin model and
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incorporated with the available soil and land cover
data of 2004 from National Mapping and Resource
Information Authority (NAMRIA) to assign curve
number (CN) in each sub-basin. CN will represent the
soil type and land cover classification of each sub-
basin. Other parameters such as initial abstraction
(1A), time of concentration (TC), Storage Coefficient
(SC), River Length and sub-watershed area were also
derived during the pre-processing of basin model.
These parameters were extracted to be used for
further basin model calibration in which it helps in
moving and forming the simulated hydrograph.

HMS basin model calibration and RIDF simulations
Utilizing the hydrological and surveyed data
gathered from the field (UPD-TCAGP, 2013), the
HMS Basin Model, the output of pre-processing,
was calibrated under the HEC-HMS 3.5 standalone
software, to simulate the hydrologic response of
the watershed to a given hydrometeorological input
(zhang et al., 2013). Water Level, velocity and river
cross-section data were used in calculating the
river discharge tied in mean sea level (MSL). The
calculated actual river discharge with a higher value
of R-squared and simultaneous rainfall data are the
primary data requirement in proceeding to HMS
model calibration (Scharffenberg and Fleming, 2010).
In calibrating the model, parameters were used for
the following methods: CN and IA for Loss — Soil
Conservation Service (SCS) CN method; TC and SC for
Transform — Clark Unit Hydrograph method; Initial
Discharge (ID), Recession Constant (RC) and Ratio
to Peak (RP) for Baseflow — Recession method and;
length, slope, Manning’s N and width for Routing
— Muskingum-Cunge method. Based on physical
observation during model calibration, values of CN
and IA are manually adjusted to increase or decrease
the magnitude and SC and TC to move left or right
the simulated hydrograph. Besides, the parameters’
values of Baseflow — Recession method is used to fit
with the initial flow and recession while parameters
of Routing — Muskingum-Cunge method is adjusted
to smoothen or coarsen the simulated hydrograph.
Calibration is necessary to make the simulated
hydrograph similar or close to the actual hydrograph
(Krause etal., 2005). Parameters’ values were adjusted
several times to achieve an at least satisfactory
performance rating in all the statistical measures
recommended for model evaluation. This is relevant
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to assess the accuracy of the calibrated model. The
accuracy tests such as Nash-Sutcliffe Efficiency (NSE),
Percent Bias (PBias), and the ratio of the root mean
error to the standard deviation of measured data
(RSR) were used in evaluating the model. The model
is assessed as calibrated if NSE>0.5, if PBIAS+25%,
and if RSR<0.70 (Moriasi et al., 2007). As the model
is calibrated, the simulations of rainfall scenarios of
5-, 25, 100-y follows. The Rainfall Intensity Duration
Frequency (RIDF) data for the above-mentioned
return periods was acquired from Philippine
Atmospheric, Geophysical and Astronomical Services
Administration (PAGASA) Malaybalay rain gauge
station with 31-y rainfall records. These data were
inputted as the meteorological model file using
frequency storm precipitation method in HEC-HMS
performed with calibrated basin model. The outputs
of the simulations were the calibrated basin model
with precipitation and outflow data of the 3 return
periods.

Two-dimensional (2D) RAS model simulations

The 3 processed DEMs were separately utilized
in processing the River analysis system (RAS) model
under the HEC-RAS 5.0 software, hydraulic modeling
software useful in rainfall-run-off simulations (USACE,
2010) and to determine flood-prone areas (Santos
and Tavares, 2012). The 2D flow area with an area of
5305.36 ha, as primary data requirement in the RAS
geometric data, was created using GeoRAS extension
tool in ArcGIS 10.2 considering the extent of the
floodplain of the watershed. Fig. 2 shows the resulted
geometric data used in flood inundation simulations.
The RAS model was processed through unsteady flow
analysis and boundary condition data for RAS model
simulations was set. The boundary condition data
such as calibrated HMS outflow and precipitation of
5-, 25-, and 100-y were integrated into the model
through inflow point and 0.01 was assumed as a
normal depth of the 2D Model. Breaklines such as
road networks and bridges were also integrated to
define areas with a change in elevation.

Flood hazard mapping and accuracy assessment

In mapping the flood hazard, the generated flood
depths from 2D RAS model simulations were extracted
and map-outin ArcGIS 10.2 and categorized into Low
(0-0.5m), Medium (>0.5m —<1.5m), and High (>1.5m)
according to Department of Science and Technology’s
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Fig. 2: Taganibong Hydrologic modeling system,
River analysis system geometric data using LiDAR DEM

(DOST’s) flood hazard level standard overlaid with the
2D flow area and the DEM used in the simulation.
Moreover, the accuracy assessment of flood hazard
maps was conducted using flood validation points
of Typhoon Pablo in 2013. Flood validation points
were gathered using a handheld global positioning
system (GPS) and actual flood depth was recorded in
a given field data sheet. Using ArcGIS 10.2, the flood
validation points were converted into shape files and
actual flood depth information was encoded into
its attribute table. Typhoon Pablo rainfall data was
utilized as a source of meteorological input through
inverse distance precipitation method simulated
with calibrated basin model under HEC-HMS 3.5.
The simulation provides precipitation and outflow
data and was used as boundary condition data in
unsteady flow analysis of HEC-RAS 5.0. Then the
flood depths of Typhoon Pablo were generated using
each DEM. Each flood depth was added in ArcGIS
10.2 together with the flood validation points. Using
raster calculator and extract values to point’s tool,
the simulated flood depth values correspond to each
flood validation points were extracted. The root
mean square error (RMSE) (Chai and Draxler, 2014),

F-measure (Hripcsak and Rothchild, 2005) and overall
accuracy were then computed to assess the model
performance and prediction. The model is assessed
as good if RMSE is closer to 0, F-measure<0.5, and
overall accuracy<70%.

Processed DEM

Most studiesin the past have showntheimportance
of DEM resolution in flood inundation mapping and
concluded that DEM with higher resolution produces
more accurate flood maps compared to coarser
resolution DEM which over-predict the flood extents
(Brandt, 2005; Cook and Merwade, 2009; Werner,
2001). DEM represents topography (Weepener et
al., 2012) of the river and floodplain as an important
aspect of hydraulic flood modeling, the accuracy of
which influence estimates of flood damage. Thus, in
this study, elevation is resampled and the contour
lines and percent slope were calculated to compare
the flood inundation provided by using different
DEM. The difference of elevation, contour lines and
slope of each DEM were shown in Figs. 3, 4, and 5,
respectively. It entails then that major flooding may
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Fig. 3: Digital elevation model used in simulating flood inundation
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Fig. 4: Comparison of contour lines

occur in downstream location since flood water will
flow to where the elevation is low (Mina et al., 2015).
In consequence, a more pronounced effect of greater
risk of casualties and damages to infrastructure and
establishments is expected downstream. Getahun
and Gebre (2015) use elevation and slope as one
of the flood generating factors for flood hazard
assessment and mapping. On the other hand, the
importance of slope in flood inundation determines
how quickly a drainage channel will convey water,
thus, it influences the sensitivity of a watershed
to precipitation events of various time durations.
The lower the slope value is the flatter the terrain
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and in the same way the higher the slope value is
the steeper the terrain (Brewer and Marlow, 1993;
Tang and Pilesjo, 2011). Steep slopes tend to result
in rapid runoff responses to local rainfall excess and
consequently higher peak discharges since rain is less
likely to infiltrate into the ground. This caused the
river to burst its bank with more overland flow and
a quicker overland flow rate (Tom, 2018). Flat slope
responding to the same rainfall amount will not be
as rapid and the frequency of the resulting discharge
maybe dissimilar to the storm frequency since gentle
slopes allow water to penetrate into the soil and
increase lag times (McCuen et al., 2002). In addition,
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Fig. 5: Comparison of percent slope

elevation and slope can be described through
examining contour lines. The closer the contour lines,
the steeper its slope and the wide-spaced contour
lines signify a gentle slope. Results of the contour
lines and slope in each DEM differ in its distribution
spacing, and level, respectively, thus considering
DEM in simulating flood inundation plays an essential
role in determining its reliability.

Basin model

As shown in Fig. 6, Taganibong basin model has
31 sub-basins, 20 reaches, and 18 junctions. It was
calibrated using the 18-hour rainfall event last
December 31, 2017- January 1, 2018. The calibrated
basin model got a very good performance rating
based on the model evaluation using NSE for model
trends, RSR for its residual variation and PBIAS for
its average magnitude with a value of 0.77, 0.48 and
-5.30, respectively. These statistical measures were
used in determining the efficiency of the model and
it illustrates a well-calibrated model in which the
model’s observed and simulated discharge data were
closely fitted to each other with an R? of 0.79.

Flood hazard maps and accuracy assessment

The flood hazard maps using rainfall scenarios give
the probability of flood occurrence in the area within
a y and it provides information that may help the
community able to prepare for the possible situation.
The flood hazard maps of 5-, 25-, 100-y predict the
possible flood inundation when accumulated rainfall

——— Bagin Connecior | Reach | Rrer
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Fig. 6: Taganibong hydrologic modeling system model

amount of 153.6 mm, 214.8 mm and 265.3 mm will
occur within 24 hours, respectively. Using the 3 return
periods the objective of the study was supported
in which results compare the capacity of predicting
flood occurrences and define the difference of
inundation area and hazard levels of the 3 DEMs. The
resulted flood hazard maps revealed the difference
of the outputs in which resolution really affects the
inundation and its hazard levels as the return period
varies. As shown in Figs. 7, 8 and 9 the maps using
LiDAR-DEM produced a define flood extent and
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shows clearly the distribution of hazard levels inside
the 2D flow area or in the assigned floodplain. Table
1 shows the total flooded area per return period per
DEM. It stated that maps out of LIDAR-DEM produced
define area with 30.51 %, 35.47% and 42.24% of
the total area of the assigned floodplain for the
rainfall scenarios of 5-, 25- 100-y, respectively, and
it shows that there are different result in all of the
simulations based on the flood hazard levels and
flood inundations.

The accuracy of each flood hazard maps generated
from 3 different DEM data sources was assessed using
a confusion matrix approach. It is used to show the

accuracy of the generated flood maps by comparing
the records of the modeled flood from the actual flood
data. Overall accuracy or the classification accuracy
indicates the proportion of the correctly predicted
points over the total collected data (Jung et al., 2014)
which implies how a flood hazard could be mapped at
a certain level of accuracy. F-measure is the measure
of fitness or the goodness of fit between the created
flood map and ground-truth data (Gall et al., 2007)
while the RMSE sums up the differences of two values
(Ternate et al., 2017). As depicted in Table 2 confirms
the result of the accuracy assessment that flood map
driven by LiDAR-DEM data and showing a promising
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Fig. 8: RAS simulation results using RIDF 25-year
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Fig. 9: RAS simulation results using RIDF 100 year

Table 1: Flood inundation results

Return period SAR (ha) IFSAR (ha) LiDAR (ha)
5-y 1623.1 1733.5 1618.7
25-y 2176.4 2176.8 1882.1

100-y 2474.1 2421.2 2241.1

Table 2: Flood map accuracy assessment of three DEM data sources

DEM data source Overall accuracy F-measure RMSE (m)
LiDAR 82.5% 0.5333 0.32
IFSAR 73.33% 0.4286 0.88

SAR 65.83% 0.2807 1.12

performance that out of the collected points from
the field, 82.5% of which is correctly classified as
flooded by the model with an acceptable value of
F-measure. The calculated RMSE indicates that the
model can simulate flood depths with an error that
can reach 0.32 m. On the other hand, flood map
generated from SAR DEM with coarser resolution has
the lowest overall accuracy and F-measure with the
highest error in simulating flood depths. Incongruent
to the generated flood inundation area of each DEM
data source as presented Table 1, coarser resolution
DEM over-predict the generated flood extents which
are in agreement to the result of (Brandt, 2005; Cook
and Merwade, 2009; Werner, 2001) that DEM with
higher resolution produces more accurate flood
maps. It can be deduced then for this study, higher
overall accuracy and F-measure with smaller RMSE
value yields to more accurate flood hazard maps.

103

Nevertheless, IFSAR DEM could be an alternative in
the absence of LiDAR DEM considering the cost of
acquiring LiDAR derivative data.

DEM resolution plays a significant role in
generating flood inundation maps in which it
represents the topographic data of the river and
the floodplain. Moreover, higher resolution DEM
provides more accurate and reliable maps in the
field of flood simulations. LiDAR-derived flood hazard
maps provide more define flood extent and clearly
show the distribution of hazard levels. Among the
other, it is better and accurate in predicting flood
inundation. Through the use of these maps, it will
help the disaster risk reduction and management
(DRRM) team in identifying specific areas need to be



monitored and prioritized for DRRM operation when
such return period occurs. As well as it can provide an
initial assessment of the possible population and areas
that could be affected by low, medium, and high hazard.
Moreover, it specifies not flooded areas that can be
potential for the establishments of evacuation centre
or a venue for other infrastructural development. Thus,
it is highly recommended that the local government
units (LGUs) must consider the use of more detailed and
accurate data as LiDAR-DEM in generating flood maps as
the best tool for disaster preparedness and prevention
as well. However, it is still necessary to conduct flood
validation before the full implementation and usage of
flood inundation maps.
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Cotabato: Systematic assessment of flood effects
and risks in Northern Mindanao and Cotabato,
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and Development (PCIEERD), Department of Science
and Technology (DOST). The authors are also grateful
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