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Abstract- Flooding of roadways in urban areas has a
devastating effect on transportation system and economic
viability. Proper management of roadway systems during rainy
days will enhance safety and security of the commuters,
improved traffic management, avoid damage to properties and
mortality. To mitigate the impact of flooding from traveler’s
perspective, mapping of flooded roads using available LiDAR
data during rainy days can greatly help in addressing this
problem. Light Detection and Ranging (LiDAR) is a powerful
remote sensing technology in the acquisition of the terrain
surface information, classification and extraction which can be
used to determine the elevation, width and length of existing
roads. Using available LiDAR data of Sto Domingo, Talavera,
Quezon and Licab Nueva Ecija, Philippines, different
derivatives were generated using different software’s such as
Envi, ArcGIS and Lastools. The derivatives were Digital
Terrain Model (DTM), Digital Surface Model (DSM),
Intensity, Number of Returns, RGB bands, HSV and Green
Red Vegetation index (GRVI). To extract the road classes, the
derivatives were loaded to Ecognition Developer to perform
Object Based Images Analysis (OBIA). The extracted road
class was exported into shapefile and loaded to ArcGIS and
overlaid using flood susceptibility map of the Philippines to
determine the flooded roads during heavy rains. Out of 733.59
km road length of the study area, 233.85 km were found to be
exposed to flooding during heavy rains. The municipalities of
Talavera and Quezon have most of its roads affected by
flooding during rainy days with road length of 63.69 km and
63.53 km, respectively, while the municipality of Sto Domingo
have its 39.05 km road affected. With these results, motorists
and the policy makers can be forewarned and think of
alternative routes for the commuters and for policy makers in
planning for future road rehabilitation and construction.

may interrupt the transport system that gave bad impacts to the
commuters and emergency services such as ambulances, police
and other services for safety purposes. In the recent years, the
province of Nueva Ecija suffered the worst flooding brought by
different typhoons that affect not only the transportation
systems but all the major livelihood of the Province. Mapping
of flooded roads during heavy rain using available LiDAR data
will help to mitigate the impact of flooding from a traveler
perspective as well as the delays and danger it imposes to the
travelers.
LiDAR, which stands for Light Detection and Ranging, is
a remote sensing method that uses light in the form of a pulsed
laser to measure ranges to the Earth. These light pulses
combined with other data recorded by the airborne system
generate precise, three-dimensional information about the
shape of the Earth and its surface characteristics (NOAA,
2016). Extraction of Road from LiDAR data is very
challenging issue and has been approached in many different
ways by photogrammetric and digital image processor
(Narwade and Musande, 2014). Remote sensing algorithm such
as Object Bases Image Analysis using Support Vector Machine
(SVM) allows the incorporation of different properties such as
spectral, geometric and textural properties for image
classification (Phil-LiDAR 2, 2014). Thus, this application can
be used to map the different land cover features especially the
roadways for specific purposes.

II.

OBJECTIVES

The objective of the study is to generate map of flooded
roads during rainy days in selected municipalities of Nueva
Ecija Philippines using available LiDAR data
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III.
I.

INTRODUCTION

Flooding is quick, usually impacting a roadway within
hours of the rain, giving few chances for a warning message to
reach each and every motorist (Vaisala, 2016). Flooded road

MATERIALS AND METHODS

A. Location of the study
The Municipalities of Licab, Quezon, Santo Domingo and
Talavera, Nueva Ecija, Philippines were the study areas for
generation of flooded road map during heavy rain (Figure 1).
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The four Municipalities have a total land area of 329.71 square
kilometer, 148.63 square kilometer of which is highly
susceptible to flooding (Lacadin, 2006). The total length of
road networks of four Municipalities is 733.57 km.
B. Datasets and Software Used
The available datasets used in the study were LiDAR flight
strips from Disaster Risk Exposure and Assessment for
Mitigation - Data Acquisition Component (DREAM-DAC).
The LiDAR flight is PAM3H acquired last April, 28, 2014,
PAM3I acquired last July 11, 2013, Pam3J acquired last June
20, 2013, Pam3K and NE1009P acquired last June 24, 2013
and July 02, 2014, respectively. Different software were used
to process the LiDAR data and Orthophoto image to produced
road flood map. The software’s used in the study were Lastools

which is used to produce Digital Terrain Model (DTM), Digital
Surface Model (DSM), Intensity and Number of returns, while
Envi was used to produce the Red, Green Blue (RGB) Layers,
Green Red Vegetation Index (GRVI), Hue Saturation and
Value (HSV), the ArcGIS on the other hand was used to
produced normalized DSM (nDSM), Curvature and the
Ecognition developer to extract the road network shapefile.
Table 1 shows the different derivatives used in the study to
produced road flood map (Phil-LiDAR 2, 2014).
C. Derivatives
Figure 2 shows the sample derivatives of flight PAM3I
block 1, the area of sample derivative is 11.37 square
kilometer.

Figure 1. The location of the study

TABLE I.

LIST OF DERIVATIVES FOR ROAD EXTRACTION

Data Sources

Derivatives

Description

LiDAR

Intensity

Created from the whole intensity spectrum of LiDAR point cloud. Generally, Objects with high reflectivity,
have higher intensity than dark objects

LiDAR

Number of Returns

Created from number of return of LiDAR point clouds, useful in separating buildings and

LiDAR

Curvature

Second derivative of a surface or slope of the slope

LiDAR

nDSM

DTM subtracted from DSM to obtain the height of the objects above the ground

Orthophoto

RGB

Original bands of the Orthophoto, show spectral properties of features

Orthophoto

HSV

Transformation applied to the original Orthophoto image in the HSV color space.

Orthophoto

GRVI

Useful for identifying vegetation and non-vegetation features
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(d)

(e)

(f)

(g)

(h)

Figure 2. Different derivatives used to generate road flood map (a) RBG, (b) HSV, (c) GRVI, (d) Number of Returns, (e) nDSM, (f) Intensity, (g) DTM and (h)
DSM
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D. Conceptual Frameworks and Methodology
The methodology in this study includes three processes: the
Pre-processing, Data Processing and Post-Processing. In PreProcessing, the LiDAR data and Orthophoto images were
utilized to generate different derivatives to use in data
processing. Also, training points for roads and not road class
were selected using ArcGIS and to be used in processing of
data. In data processing, all derivatives were loaded in
Ecognition developer for Object Based Image Analysis using

Support Vector Machine (SVM). The support vector machine
is a supervised learning method that generates input-output
mapping functions from a set of labeled training data (Wang,
2005). Lastly, in post processing, using spatial analysis the
extracted road together with flood susceptibility map of the
Philippines were loaded in ArcGIS to determine road length
affected when heavy rain occurs. Figure 3 shows the
conceptual framework of the study.

Figure 3. The conceptual framework of the study
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IV.

RESULTS AND DISCUSSION

A. Licab Nueva Ecija
Licab is situated at 15.55° North latitude, 120.76° East
longitude and 23 meters elevation above the sea level with a
total area of 67.37 square kilometers. During rainy seasons,
Barangays in the northern portion of the municipality is flood
free barangays while the other five barangays are mostly
flooded (Wikipedia). Figure 4 shows the road networks flood

susceptibility map of Licab, Nueva Ecija. The figure shows
that the western part of the Municipality was highly susceptible
to flooding covering 55.97% of road networks. The road
networks of six Barangays were affected by flooding during
heavy rains such as Tabing Ilog, Villarosa, San Juan, Linao,
Poblacion Norte and Poblacion Sur. The Average accuracy and
kappa coefficient of the generated map were 96.78% and
0.9357, respectively (Figure 2).

Figure 4. The road networks flood susceptibility map of Licab, Nueva Ecija

Figure 5. Accuracy assessment of the produced map
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B. Quezon Nueva Ecija
Quezon is
a
fourth
class municipality in
the province of Nueva Ecija, Philippines, located at 15.33°
North latitude, 120.49° East longitude with a total land area of
68.53 square kilometers (Wikipedia). Figure 5 shows the road
networks flood susceptibility map of Quezon, Nueva Ecija.
The figure revealed that the portion of road networks of 10 out

of 16 Barangays were highly susceptible to flooding during
rainy days, and these are Santa Rita, Bertese, Ilog Baliwag, San
Alejandro, San Andres 1, San Andres II, Pulong Bahay, Sta
Clara, Sto Cristo and San Juan. The Average accuracy and
kappa coefficient of the produced map were 92.26% and 0.845,
respectively (Figure 6).

Figure 6. The road networks flood susceptibility map of Quezon, Nueva Ecija

Figure 7. Accuracy assessment of the produced map of Quezon, Nueva Ecija
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C. Santo Domingo Nueva Ecija
Santo
Domingo or Sto.
Domingo
is
a
third
class municipality in the province of Nueva Ecija located at
15.35° North latitude, 120.52° East longitude with a total land
area of 74.88 square kilometers (Wikipedia). Figure 7 shows
the road networks flood susceptibility map of Santo Domingo,

Nueva Ecija. The figure revealed that Barangays Dolores, San
Agustin, Concepcion, Malaya, Malasin, Buasao and some
portion of Santo Rosario, Baloc, Malayantoc and Sagaba were
high susceptible to flooding during heavy rain. Figure 8 shows
the average accuracy and kappa coefficient of the produced
map with the value of 92.42% and 0.8481 respectively.

Figure 8. The road networks flood susceptibility map of Santo Domingo, Nueva Ecija

Figure 9. Accuracy assessment of the produced map of Santo Domingo, Nueva Ecija
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D. Talavera Nueva Ecija
Talavera is
a
first
class municipality in
the province of Nueva Ecija, Philippines located at 15.35°
North latitude, 120.55° East longitude with a total land area of
74.88 square kilometers (Wikipedia). Figure 9 shows the road
networks flood susceptibility map of Talavera, Nueva Ecija.
The Figure shows that most of Barangays has portion of road

with high susceptibility to flooding. The most affected
Barangays were San Miguel na Munti, Baluga, Dinarayat, La
Torre, Pobalcion Sur, Pag Asa, Dimasalang, Bugtong na Buli,
Bulac and Basang hamog. The Average accuracy and kappa
coefficient of the produced map were 97.90% and 0.90,
respectively (Figure 10).

Figure 10. The road networks flood susceptibility map of Talavera, Nueva Ecija

Figure 11. Accuracy assessment of the produced map of Talavera, Nueva Ecija
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E. Summary
Table 2 shows the road length of selected municipalities of
Nueva Ecija, Philippines with high susceptibility to flooding.
Results shows that the municipality of Licab has the highest
percentage of roads affected during heavy rains, 55.97% or
57.58 kilometers out of 102.88 kilometer road length was
highly susceptible to flooding, followed by Quezon with 38.81
percent or 63.53 kilometers out of 163.68 kilometer of road
length. The Municipalities of Talavera and Sto Domingo has
the lowest percentage of roads with high susceptibility to
TABLE II.

flooding. The percentage road length affected in Talavera and
Sto Domingo were 22.71% or 63.69 kilometer out of 280.44
kilometer and 20.92% or 39.05 kilometer out of 186.59
kilometer, respectively.
Figure 11 shows the road networks flood susceptibility of
selected municipalities of Nueva Ecija, Philippines, the total
Road length of the study is 733.59 kilometers of which 223.85
kilometers were highly susceptible to flooding or equivalent to
30.51%.

THE ROAD LENGTH WITH HIGH SUSCEPTIBILITY TO FLOODING OF SELECTED MUNICIPALITIES OF NUEVA ECIJA, PHILIPPINES

Municipalities

Road Length

Road Length with High Susceptibility to Flooding

Percent Road Affected (%)

Talavera

280.44

63.69

22.71

Quezon

163.68

63.53

38.81

Licab

102.88

57.58

55.97

Sto Domingo

186.59

39.05

20.92

Total

733.59

223.85

30.51

Figure 12. The road network flood susceptibility map of selected municipalities of Nueva Ecija, Philippines

V.

CONCLUSIONS

Object-based Image Analysis approach using Support
Vector machine was prove to be very effective for extracting
road networks based on the available LIDAR point clouds and
Orthophoto image. The results showed that the average
accuracy and kappa coefficient of the generated road flooded
map were 94.84 and 0.8822%, respectively. Also, OBIA in
eCognition gives friendly manner which allows the correction
of classification results to improve the accuracy of generated
maps.

In this study, the combination of simple spatial analysis and
Object Based Image Analysis was suited in determining the
road networks with high susceptibility to flooding.
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