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CHAPTER 1: OVERVIEW OF THE PROGRAM AND
JIBATANG RIVER

Enrico C. Paringit, Dr. Eng., Dr. George Puno, and Eric Bruno

1.1 Background of the Phil-LiDAR 1 Program

The University of the Philippines Training Center for Applied Geodesy and Photogrammetry (UP-TCAGP
launched a research program entitled “Nationwide Hazard Mapping using LIDAR” or Phil-LiDAR 1, supported
by the Department of Science and Technology (DOST) Grants-in-Aid (GiA) Program. The program was
primarily aimed at acquiring a national elevation and resource dataset at a sufficient resolution to produce
information necessary to support the different phases of disaster management. Particularly, it targeted to
operationalize the development of flood hazard models that would produce updated and detailed flood
hazard maps for the major river systems in the country.

The program was also aimed at producing an up-to-date and detailed national elevation dataset suitable
for a 1:5,000 scale mapping, with 50 cm and 20 cm horizontal and vertical accuracies, respectively. These
accuracies were achieved through the use of the state-of-the-art Light Detection and Ranging (LiDAR
airborne technology procured by the project through the DOST. The methods applied in this report are
thoroughly described in a separate publication entitled “Flood Mapping of Rivers in the Philippines Using
Airborne LiDAR: Methods” (Paringit, et. al., 2017), available separately.

The implementing partner university for the Phil-LiDAR 1 Program is the Visayas State University (VSU)
VSU is in charge of processing LIDAR data and conducting data validation reconnaissance, cross section
bathymetric survey, validation, river flow measurements, flood height and extent data gathering, flood
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The university is located in Baybay City in the province of Leyte.
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1.2 Overview of the Jibatang River Basin

The Jibatang River Basin covers majority of Calbayog City, and minor portions of the Municipalities of
Bobon and San Isidro, in the province of Samar. According to the Department of Environment and Natural
Resources (DENR) River Basin Control Office (RBCO), it has a catchment area of 46 km?, with an estimated
718 million cubic meters (MCM) annual run-off (RBCO, 2015).

The basin’s main stem, the Jibatang River, is under the jurisdiction of the Phil-LiDAR 1 partner state
university, VSU. The river’s stream network traverses twenty-six (26) barangays in Calbayog City — from
Jose A. Rofio, down to the mouth of the river in Tomaliguez.
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Figure 1. Location map of the Jibatang River Basin (in brown)

According to the Philippine Statistics Authority (PSA) 2010 census, the total population of residents of
within the immediate vicinity of the Jibatang River is 21,927, distributed among seventeen (17) barangays.

Interviews with locals reveal that recent typhoons, such as Typhoon Ruby in December 2014 and
Typhoon Amang in January 2015, have brought continuous torrential rains that caused flood waters to
rise to up to two (2) meters or above.
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CHAPTER 2: LIDAR DATA ACQUISITION OF THE
JIBATANG FLOODPLAIN

Engr. Louie P. Balicanta, Engr. Christopher Cruz, Lovely Gracia Acufia, Engr. Gerome Hipolito,
Engr. Christopher L. Joaquin, and Mary Catherine Elizabeth M. Baliguas

The methods applied in this Chapter were based on the DREAM methods manual (Sarmiento, et al., 2014
and further enhanced and updated in Paringit, et al. (2017).

2.1 Flight Plans

To initiate the LiDAR acquisition survey of the Jibatang floodplain, the Data Acquisition Component (DAC
created flight plans within the delineated priority area for the floodplain in Samar. These missions were
planned for ten (10) lines that ran for at most four and a half (4.5) hours, including take-off, landing, and
turning time. The ALS-80 LiDAR system was used for the missions (See ANNEX 1 for the sensor specifications)
The flight planning parameters for the LiDAR system are found in Table 1. Figure 2 illustrates the flight plans
for the Jibatang floodplain survey.

Table 1. Flight planning parameters for the ALS-80 LiDAR system

. . . . Average
Block Name Fly(':f : Geli)ght Overlap (%) Rl (oef)V|ew Pulse in Air S A::;a(iis) Turn Time
P (Minutes)
BLK33G 600 30 50 1 130 5
BLK33H 600 30 50 1 130 5
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Figure 2. Flight plans and base stations used to cover the Jibatang floodplain survey
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2.2 Ground Base Stations

The field team for this undertaking was able to recover one (1) NAMRIA reference point, SMR-33, which
is of second (2"Y) order accuracy. The team also established two (2) ground control points, SMR-33A and
SMR-33B, which are of second (2"¢) order accuracy. The NAMRIA certificate for SMR-33 is found in ANNEX
2. The baseline processing reports for the established ground control points are found in ANNEX 3. These
were used as the base stations during the flight operations for the entire duration of the survey, held on
November 14-16, 2016. The base stations were observed using dual frequency GPS receivers, TRIMBLE SPS
852 and SPS 985. The flight plans and locations of base stations used during the aerial LiDAR acquisition in
the Jibatang floodplain are shown in Figure 2. The composition of the project team is shown in ANNEX 4.

Table 2 to Table 4 provide the details about the NAMRIA reference point and established points. Table 5
lists all of the ground control points occupied during the acquisition, together with the dates of utilization

Table 2. Details of the recovered NAMRIA horizontal reference point SMR-33, used as a base station for the

LiDAR acquisition
Station Name SMR-33
Order of Accuracy 2nd
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 12° 2’ 19.48514” North
Philippine Reference of 1992 Datum Longitude 124° 39’ 22.13920"” East
(PRS 92) Ellipsoidal Height 4.97358 meters

Grid Coordinates,

Philippine Transverse Mercator Zone 5 ,\Fffﬂ?i 13335?9323 Tiif
(PTM Zone 5 PRS 92) nNui LIIIIIS LdIdJdLLTT . JIJL M11ICLCl O
Geographic Coordinates, Latitude 12° 2’ 14.98810” North
World Geodetic System 1984 Datum Longitude 124° 39’ 27.22849" East
(WGS 84) Ellipsoidal Height 64.37800 meters
Grid Coordinates, Universal Transverse casting 680286.51 meters
Northing 1331298.78 meters

(UTM 51N PRS 92)

Table 3. Details of the established horizontal control point SMR-33A with processed coordinates, used as a base
station for the LiDAR acquisition

Station Name SMR-33A
Order of Accuracy 2
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 12° 04’ 06.98588” North
Philippine Reference of 1992 Datum Longitude 124° 34’ 54.39749” East
(PRS 92) Ellipsoidal Height 5.512 meters
Grid Coordl&a;fs;tlz)f:l;z:;nse Transverse Easting 672169.393 meters
(PTM Zone 5 PRS 92) Northing 1334554.024 meters
Geographic Coordinates, World Geodetic Latitude 12° 04’ 02.47512” North
System 1984 Datum Longitude 124° 34’ 59.48472” East
(WGS 84) Ellipsoidal Height 64.658 meters
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Table 4. Details of the established horizontal control point SMR-33B, used as a base station for the LiDAR

acquisition
Station Name SMR-33B
Order of Accuracy PLx
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 12° 04’ 07.12856” North
Philippine Reference of 1992 Datum Longitude 124° 34’ 55.36866" East
(PRS 92) Ellipsoidal Height 5.717 meters
Grid Coordinates, Philippine Transverse Easting 672198.738 meters
Mercator Zone > Northin 1334558.577 meters
(PTM Zone 5 PRS 92) g :
Geographic Coordinates, World Geodetic Latitude 12° 04’ 02.61782" North
System 1984 Datum Longitude 124° 35’ 00.45589” East
(WGS 84) Ellipsoidal Height 64.863 meters

Table 5. Ground control points used during the LiDAR data acquisition

Date Surveyed Flight Number Mission Name Ground Control Points
NOV 14, 2016 10237L 4BLK33G319A SMR-33, SMR-33A and SMR-33B
NOV 16, 2016 10241L 4BLK33H321A SMR-33A and SMR-33B




2.3 Flight Missions

A total of two (2) flight missions were conducted to complete the LiDAR data acquisition in the Jibatang
floodplain, for a total of nine hours and ten minutes (9+10) of flying time for RP-C9522. All missions were
acquired using the ALS80 LiDAR system. The flight logs of the missions are provided in ANNEX 6. Table 6
indicates the total area of actual coverage and the corresponding flying hours per mission; while Table 7

Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

presents the actual parameters used during the LiDAR data acquisition.

Table 6. Flight missions for the LiDAR data acquisition in the Jibatang floodplain

Date Flight

Surveyed Number
NOV 14, 2016 10237L
NOV 16, 2016 10241L

TOTAL

Table 7. Actual parameters used during the LiDAR data acquisition of the Jibatang floodplain

Fliohe Numbay  F1YiNg Height

rllsllL nNnuInvci (m AGL)
10237L 600
10241L 600

Flight
Plan Area
(km?)

104.56
100.92
205.48

Area Area
Surveyed
Surveyed .
Surveyed r outside
within the
Area (km?) . the
Floodplain .
(km?) Floodplain
(km?)
64.52 53.79 10.73
52.48 44.69 7.79
117 98.48 18.52

[ a\W A Fa)) Diclan 20 Ale
ruv (\v) Fuice i ANl
50 1
50 1

Flying Hours
No. of
Images
(Frames) Hr Min
4 35 41
4 35
9 10

Average

Average Turn Time

Speed (kts) (Minutes)
130 5
130 5
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2.4 Survey Coverage

This certain LiDAR acquisition survey covered the Jibatang floodplain, which is located in the province of
Samar, with majority of the floodplain situated within the City of Calbayog. The list of municipalities and
cities surveyed, with at least one (1) square kilometer coverage, is shown in Table 8. The actual coverage
of the LiDAR acquisition for the Jibatang floodplain is presented in Figure 3. The flight status report for the
LiDAR survey of the Jibatang floodplain is found in ANNEX 7.

Table 8. List of municipalities and cities covered during the Jibatang floodplain LiDAR survey

. L . Area of Municipality/ Total Area Percentage of Area
Province [liplciealisviciny City (km?) Surveyed (km?) Surveyed
Samar Calbayog City 897.55 26.25 28.21%
Total 897.55 26.25 28.21%
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Figure 3. Actual LiDAR survey coverage of the Jibatang floodplain




LIDAR Surveys and Flood Mapping of Jibatang River

CHAPTER 3: LIDAR DATA PROCESSING OF THE
JIBATANG FLOODPLAIN

Engr. Ma. Ailyn L. Olanda, Engr. Ma. Joanne I. Balaga, Jovy Anne S. Narisma,
and Engr. Wilbert lan M. San Juan

The methods applied in this Chapter were based on the DREAM methods manual (Ang, et al., 2014) and
further enhanced and updated in Paringit, et al. (2017).

3.1 Overview of the LIDAR Data Pre-Processing

The data transmitted by the DAC were checked for completeness based on the list of raw files required to
proceed with the pre-processing of the LiDAR data. Upon acceptance of the LiDAR field data, georeferencing
of the flight trajectory was done in order to obtain the exact location of the LiDAR sensor when the laser was
shot. Point cloud georectification was performed to incorporate the correct position and orientation for|
each point acquired. The georectified LiDAR point clouds were subjected to quality checking to ensure that
the required accuracies of the program, which are the minimum point density, and vertical and horizontal
accuracies, were met. The point clouds were then classified into various classes before generating Digital
Elevation Models (DEMs), such as the Digital Terrain Model (DTM) and the Digital Surface Model (DSM).

Using the elevation of points gathered from the field, the LiDAR-derived digital models were calibrated.
Portions of the river that were barely penetrated by the LiDAR system were replaced by the actual river
geometry, measured from the field by the Data Validation and Bathymetry Component (DVBC). LiDAR
acquired temporally were then mosaicked to completely cover the target river systems in the Philippines.
Orthorectification of images acquired simultaneously with the LiDAR data was accompllshed through the

...... PRI N My, P P Y T | PR Ly L
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These processes are summarized in the diagram in Figure 4.
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Figure 4. Schematic diagram for the Data Pre-Processing Component
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3.2 Transmittal of Acquired LiDAR Data

The data transfer sheets for all the LIDAR missions for the Jibatang floodplain can be found in ANNEX 5.
Missions flown for all the surveys conducted in November 2016 used the Airborne LiDAR Sensor ALS80-HP
Leica Geosystems over the Province of Samar. The DAC transferred a total of 37.29 Gigabytes of RawLaser|
data, 1.25 Gigabytes of GNSSIMU data, 20.47 Megabytes of GPS base station data, and 151.1 Gigabytes
of RCD30 raw image data to the data server on November 29, 2016. The Data Pre-processing Component
(DPPC) verified the completeness of the transferred data. The whole dataset for the Jibatang River survey
was fully transferred on December 5, 2016, as indicated on the data transfer sheets for the Jibatang
floodplain.

3.3 Trajectory Computation

The Estimated Position Accuracy parameters of the computed trajectory for flight 10225L, one of the
Jibatang flights, which are the North, East, and Height position estimated standard deviations, are illustrated
in Figure 5. The sum of these standard deviation values are indicated in the plot as the Trace values. The
x-axis corresponds to the time of flight, which is measured by the number of seconds from the midnight of
the start of the GPS week, which fell on November 8, 2016 at 00:00 hrs. on that week. The y-axis represents
the estimated value of the standard deviation for that particular position.
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Figure 5. Estimated Position Accuracy of Jibatang Flight 102251

The time of flight was from 172000 seconds to 184500 seconds, which corresponds to the afternoon of
November 8, 2016. The initial spike reflected on the data corresponds to the time that the aircraft was
getting into position to start the acquisition, and the GNSS/IMU system was starting to compute for the
position and orientation of the aircraft. Redundant measurements from the GNSS/IMU system quickly
minimized the standard deviation of the positions. The periodic increase in the standard deviation values
from an otherwise smoothly curving set of standard deviation values corresponds to the turn-around
period of the aircraft, when the aircraft makes a turn to start a new flight line. Figure 5 demonstrates that
the North position standard deviation peaked at 0.40 centimeters, the East position standard deviation
peaked at 0.40 centimeters, and the Height position standard deviation peaked at 0.75 centimeters, which
are within the prescribed accuracies described in the methodology.
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Figure 6. Combined Separation Plot of Jibatang Flight 102251

The Combined Separation Plot of flight 10225L, one of the Jibatang flights, which displays the position
difference between the forward and reverse processing results, is exhibited in Figure 6. The values for|
this plot should be within +/- 10 centimeters, in order to come up with an accurate trajectory solution.
The figure reflects that the separation values were within -2 centimeters and 10 centimeters, except for|
some periods when the aircraft was turning. The number of satellites during the acquisition did not go
down to 6. Majority of the time, the number of satellites tracked was between 6 and 10. Additionally, the

PRI

PELIY LU N Y

isfied the

PDOP value did not go above 3, which indicates optimal GPS geometry. All of the parameters sa
accuracy requirements for optimal trajectory solutions, as indicated in the methodology. The computed
best estimated trajectory for all Jibatang flights is depicted in Figure 7.
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Figure 7. Best estimated trajectory conducted over the Jibatang floodplain
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3.4 LiDAR Point Cloud Computation

The produced LAS data contains seventeen (17) flight lines, with each flight line containing two (2) channels,
since the Leica ALS80-HP contains two (2) channels. The summary of the self-calibration results for all
flights over the Jibatang floodplain, obtained through LiDAR processing in the Leica Geosystems’ CloudPro
software, is given in Table 9.

Table 9. Self-calibration results for the Jibatang flights

Value
Boresight Parameters
Channel A Channel B
Roll Error -0.00026404361 -0.0002590997
Pitch Error 0.0005049565 0.0006872629
Heading Error -0.0021014205 -0.0020822516

The boresight parameter correction values in the table were derived from Terra Match, and were applied
to compute for the LAS files of the Jibatang flights. The boresight parameter correction values for the
individual blocks are available in ANNEX 8. Mission Summary Reports.

3.5 LiDAR Data Quality Checking

The boundaries of the processed LiDAR data on top of an SAR Elevation Data over the Jibatang floodplain are
represented in Figure 8. The map shows gaps in the LiDAR coverage that are attributed to cloud coverage.
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Figure 8. Boundaries of the processed LiDAR data over the Jibatang floodplain
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The total area covered by the Jibatang missions is 123.01 square kilometers, comprised of two (2) flight
acquisitions grouped and merged into two (2) blocks, as shown in Table 10.

Table 10. List of LiDAR blocks for the Jibatang floodplain

LiDAR Blocks Flight Numbers Area (sq. km)

Calbayog_BIk33D 10225L 46.22

Calbayog_BIk33C 10235L 76.79
TOTAL 123.01 sq.km

The overlap data for the merged LiDAR blocks, showing the number of channels that pass through
a particular location, is illustrated in Figure 9. Since the Leica ALS80-HP contains two (2) channels, it is
expected to have an average value of 1 (blue) for areas where there is limited overlap, and a value of 2
(yellow) or more (red) for areas with three or more overlapping flight lines.
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Figure 9. Image of data overlap for the Jibatang floodplain

The overlap statistics per block for the Jibatang floodplain can be found in ANNEX 8. One (1) pixel
corresponds to 25.0 square meters on the ground. For this area, the minimum and maximum percent
overlaps were 28.35% and 52.90%, respectively, which satisfy the 25% requirement.

The pulse density map for the merged LiDAR data, with the red parts showing the portions of the data that
satisfy the two (2) points per square meter criterion, is presented in Figure 10. It was determined that all
LiDAR data for the Jibatang floodplain satisfy the point density requirement, and that the average density
for the entire survey area is 6.96 points per square meter.
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Tha alovatinn difforonca hotwaoanon Aun v od in Fionira 11 Tho dofanlt
T Cicvauivil Uiniciclivc yCociLvwecoiil vvco N ALV I Ll | UICT 414. 11IT UTiauliy
color range is from blue to red. Bright blue areas correspond to portions where elevations of a previous

flight line, identified by its acquisition time, are higher by more than 0.20 meters relative to elevations of

its adjacent flight line. Bright red areas indicate portions where elevations of a previous flight line are lower
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blue were investigated further using the Quick Terrain (QT) Modeler software.
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A screen capture of the processed LAS data from a Jibatang flight 10225L loaded in the QT Modeler is
provided in Figure 12. The upper left image shows the elevations of the points from two (2) overlapping
flight strips traversed by the profile, illustrated by a dashed red line. The x-axis corresponds to the length
of the profile. It is evident that there were differences in elevation, but the differences did not exceed the
20-centimeter mark. This profiling was repeated until the quality of the LiDAR data became satisfactory. No
reprocessing was done for this LiDAR dataset.

G Quick Terrain Miadeler GNTL (64, 803 - [161113.011206,004. 1 o< ™ =R I ™ Tl T T . T . - T - o -2
& 1= NI G 3 ﬁdl © [0 oW A EDS R |
o Line)

Targeted Point WGSE4 / UTM zone SIN {metre) E687,117.11, N1323 47637, Z 6881 m 161113 013607 005 1.t 12761 sec, 0Afps, 2646015 pis, LODOST

Figure 12. Quality checking for Jibatang flight 102251 using the Profile Tool of QT Modeler

3.6 LiDAR Point Cloud Classification and Rasterization

Table 11. Jibatang classification results in TerraScan

Pertinent Class Total Number of Points
Ground 30,263,508
Low Vegetation 15,622,662
Medium Vegetation 50,739,555
High Vegetation 58,886,849
Building 1,567,659

The tile system that TerraScan employed for the LiDAR data, and the final classification image for a block
near the Jibatang floodplain, are presented in Figure 13. A total of 409 1km by 1km tiles were produced.
The number of points classified according to the pertinent categories is illustrated in Table 11. The point
cloud had a maximum and minimum height of 457.78 meters and 58.05 meters, respectively.

16



Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)
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Figure 13. (a) Tiles for Jibatang floodplain; and (b) classification results in TerraScan

An isometric view of an area before and after running the classification routines is exhibited in Figure 14.
The ground points are in orange, the vegetation is in different shades of green, and the buildings are in
cyan. It is visible that residential structures adjacent or even below canopy were classified correctly, due
to the density of the LiDAR data.

Figure 14. Point cloud (a) before and (b) after classification
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buildings and vegetation.

The production of last return (V_ASCII) and the secondary (T_ ASCII) DTM, and the first (S_ ASCII) and last
(D_ ASCII) return DSM of the area are presented in Figure 15, in top view display. The images show that
DTMs are a representation of the bare earth; while the DSMs reflect all features that are present, such as

Figure 15. The production of last return (a) DSM and (b) DTM; and, (c) first return DSM and (d) secondary DTM

in some portion near the Jibatang floodplain
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3.7 LiDAR Image Processing and Orthophotograph Rectification

The 202 1km by 1km tiles area covering the Jibatang floodplain is shown in Figure 16. After employing tie
point selection to fix photo misalignments, color points were added to smoothen out visual inconsistencies
along the seamlines where photos overlap. The survey of the block near the Jibatang floodplain attained
a total of 127.87 square kilometers in orthophotographic coverage, comprised of 1,903 images. However,
the block did not have a complete set of orthophotographs, and the orthophotographs were not able to
cover the area of the Jibatang floodplain. Zoomed-in versions of sample orthophotographs, identified by
their tile numbers, are provided in Figure 17.
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Figure 16. Available orthophotographs near the Jibatang floodplain

Figure 17. Sample orthophotograph tiles near the Jibatang floodplain
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3.8 DEM Editing and Hydro-Correction

The Calbayog_BIk33C and Calbayog_BIk33D blocks are the blocks close to the Jibatang floodplain. The
said blocks were processed in order to produce DEMs covering municipalities neighboring the Jibatang
floodplain. The blocks have an area of 123.01 square kilometers. Table 12 enumerates the LiDAR blocks
and their corresponding areas, in square kilometers.

Table 12. LiDAR blocks with their corresponding areas

LiDAR Blocks Area (sq.km)
Calbayog_BIk33D 46.22
Calbayog_BIk33C 76.79

TOTAL 123.01 sq.km

Portions of the DTM before and after manual editing are exhibited in Figure 18. The bridge (Figure 18a)
was considered to be an obstruction to the flow of water along the river and had to be removed (Figure
18b) in order to hydrologically correct the river. The river embankment (Figure 18c) was misclassified and
removed during the classification process, and had to be retrieved to complete the surface (Figure 18d), to
allow for the correct flow of water.

Figure 18. Portions in the DTM of blocks neighboring the Jibatang ﬂoodplam a bridge (a) before and (b) after
manual editine: and a river embankment (c) before and (d) after data retrieval
nrairruar L\aLlLllLB, alng ariyv \.J. Llllualll’.\lllbllL \\'} DCIuLc aricg \U/ artcl vacta reoricvar
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3.9 Mosaicking of Blocks

The IFSAR data covering the Jibatang and Gandara floodplains were mosaicked to the Calbayog blocks.
Table 13 summarizes the shift values applied to the LiDAR blocks during mosaicking.

The IFSAR data for the Jibatang floodplain are illustrated in Figure 19.

Table 13. Shift values of each LiDAR block of the Jibatang floodplain

Shift Values (meters)
Mission Blocks

X y z
3924-|-1-3,6-9,12-14 0.00 0.00 35
3924-IV-4,5,10 0.00 0.00 4.5
3925-111-25 0.00 0.00 4.5
3925-11-21,22,23 0.00 0.00 4.5
Calbayog_BIk33D 0.00 0.00 0.00
Calbayog_BIk33C 0.00 1.00 0.85
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Figure 19. Map of the IFSAR data for the Jibatang floodplain
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3.10 Calibration and Validation of Mosaicked LiDAR DEM

To undertake the data validation of the Mosaicked LiDAR DEMs, the DVBC conducted a validation survey
along the Jibatang floodplain. The extent of the validation survey done in Jibatang to collect points
with which the IFSAR dataset was validated is illustrated in Figure 20, with the validation survey points
highlighted in green. A total of 17,140 survey points were gathered for the Jibatang floodplain.

The correlation between the uncalibrated IFSAR DTM and the ground survey elevation values is depicted in
Figure 21. Statistical values were computed from extracted DTM values using the selected points, to assess
the quality of the data and to obtain the values for vertical adjustment. The computed height difference
between the DTM and the calibration points is 3.68 meters, with a standard deviation of 0.79 meters. The
calibration of the Jibatang data was performed by subtracting the height difference value, 3.68 meters,
from the Jibatang IFSAR data. Table 14 lists the statistical measurements of the compared elevation values
between the Jibatang IFSAR data and the calibration data.
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Figure 20. Map of the Jibatang floodplain, with validation survey points in green
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Figure 21. Correlation plot between the calibration survey points and the LiDAR data

Table 14. Table 14. Calibration statistical measures

Calibration Statistical Measures Value (meters)
Height Difference 3.68
Standard Deviation 0.79
Average -3.60
Minimum -5.31
Maximum -2.07
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A total of 4,997 survey points were used for the validation of the calibrated Jibatang DTM. A good
correlation between the calibrated mosaicked LiDAR elevation values and the ground survey elevation,
which reflects the quality of the LiDAR DTM, is reflected in Figure 22. The computed RMSE between the
calibrated LiDAR DTM and the validation elevation values is 4.17 meters, with a standard deviation of 1.59
meters, as indicated in Table 15.

LiDAR DTM vs. Calibration Survey Points for
Jibatang Floodplain
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Figure 22. Correlation plot between the validation survey points and the LiDAR data

Table 15. Validation statistical measures

Validation Statistical Measures Value (meters)
RMSE 4.17
Standard Deviation 1.59
Average 3.85
Minimum 0.67
Maximum 7.04

Note: The validation points lie within the IFSAR data; thus, the RMSE and standard deviation values obtained are
still acceptable.
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3.11 Integration of Bathymetric Data into the LiDAR Digital Terrain Model
For bathy integration, centerline and zigzag data were available for Jibatang, with 24,901 bathymetric
survey points. The resulting raster surface produced was obtained through the Kernel Interpolation with
Barriers method. After burning the bathymetric data to the calibrated DTM, assessment of the interpolated
surface is represented by the computed RMSE value of 0.52 meters. The extent of the bathymetric survey
executed by the DVBC in the Jibatang River, integrated with the processed LiDAR DEM, is illustrated in
Figure 23.
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CHAPTER 4: LIDAR VALIDATION SURVEY AND
MEASUREMENTS OF THE JIBATANG RIVER BASIN

Engr. Louie P. Balicanta, Engr. Joemarie S. Caballero, Patrizcia Mae. P. dela Cruz,
Engr. Kristine Ailene B. Borromeo, Engr. Romalyn Francis P. Boado, Erlan Patrick T. Mendoza,
Michael Anthony C. Labrador, For. Maridel P. Miras, For. Rodel C. Alberto, and Engr. Caren Joy S. Ordona

The methods applied in this Chapter were based on the DREAM methods manual (Balicanta, et al., 2014)
and further enhanced and updated in Paringit, et al. (2017).

4.1 Summary of Activities

The DVBC conducted field surveys in two (2) river basins in the province of Samar, including the Jibatang
River Basin, on December 3-14, 2015. The scope of work is as follows: (i.) initial reconnaissance; (ii.) control
point survey; (iii.) cross-section survey and bridge as-built survey at the Cagbayang Bridge in Barangay|
Cagbayang, Oquendo, Calbayog City; (iv.) validation points acquisition of about 101.96 km. covering the
Jibatang River Basin; and (v.) bathymetric survey from Barangay Jose A. Rofio down to the mouth of the
river in Barangays Tomaliguez and Basud, with an approximate distance of 34.13 km using Trimble® SPS
882 GNSS PPK survey technique and an OHMEX™ single beam echo sounder. The extent of the surveys are
depicted in Figure 26.
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4.2 Control Survey

A GNSS network was established by the VSU Phil-LiDAR 1 Team on September 7, 2015, occupying the
following control points: SMR-17, UP-SLG, and BARVSU. The control point UP-SLG was used to supply the
MSL value for this network. Its MSL value was derived from the benchmark SE-85 in Barangay Tabok in the
Municipality of Llorente, from the network established in September 2014.

The GNSS network used for the Jibatang River Basin is composed of three (3) loops established on
December 5-6, 2015, occupying the following reference points: (i.) SMR-17, a second (2") order GCP
in Barangay Macaalan, Municipality of Calbiga; and (ii.) SMR-33, a second (2"Y) order GCP in Barangay
Monbon, Municipality of Sta. Margarita.

Two (2) control points were established along the approach of bridges, namely: (i.) UP-JIB, at the Jibatang
Bridge in Barangay Oquando, Calbayog City; and (ii.) UP-STO, at the Sto. Nifio Bridge in Barangay Sto. Nifio,
Municipality of Gandara. A NAMRIA-established control point, BLLM-01, located in Barangay Guindapunan
in the Municipality of San Jorge, was also occupied to serve as a marker.

The summary of the reference and control points and their corresponding locations is provided in Table 20;
while the established GNSS network is illustrated in Figure 27.
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Table 16. List of reference and control points occupied in the Jibatang River survey (Source: NAMRIA; UP-TCAGP;

VSU)
Geographic Coordinates (WGS UTM Zone 52N)
Con.trol Order of Ellipsoid Elevation Date of
Point Accuracy Latitude Longitude Height (MSL) Establish-
(m) (m) ment

Control Survey on December 5 and 6, 2015

SMR-17 2" Order 11°37'39.96040" 125°01'03.14252"  72.836  10.153 2001
SMR-33 2" Order 12°02'14.98810" 124°39'27.22840" | 61.237 - 2007
i | e | e
UP-JIB UP established - - - - Dec 5. 2015
UP-STO | UP established - - - - Dec 6, 2015
Control Survey on September 7, 2015
SMR-17 2" Order 11°37'39.96040" 125°01'03.14252" 72.837 @ 10.153 2001
UP-SLG  UP established 11°27'57.59924" 125°01'08.87429" 73.067 9.947 Sep 7, 2015
BARVSU esta\()SIiLthed 11°39'35.28570" 124°59'25.89204"  64.121 1.636 2012

The GNSS set-ups of reference points and established control points in the Samar survey are exhibited in
Figures 28 to 32.
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CNCQ rerpiver op + 111y Trimhle® CPC OQS
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Figure 27. GNSS receiver set-up, Trimble® SPS 852, at SMR-33, inside the compound of Sta. Margarita
Elementary School in Barangay Monbon, Municipality of Sta. Margarita, Samar

Trimble® sps 852

Figure 28. GNSS receiver set-up, Trimble® SPS 882, at BLLM-01, located beside the basketball court in Barangay
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Trimble® sps 985

Figure 29. GNSS receiver set-up, Trimble® SPS 985, at UP-JIB, at the Jibatang Bridge approach in Barangay
Oquendo, Calbayog City, Samar
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Figure 30. GNSS receiver set-up, Trimble® SPS 855, at UP-STO, at the Sto. Nino Bridge approach in Barangay
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4.3 Baseline Processing

The GNSS baselines were processed simultaneously in TBC by observing thatall baselines have fixed solutions,
with horizontal and vertical precisions within the +/- 20 cm and +/- 10 cm requirement, respectively. In
cases where one or more baselines did not meet all of these criteria, masking was performed. Masking is
the removal of portions of baseline data using the same processing software. It is repeatedly processed
until all baseline requirements are met. If the reiteration yields out of the required accuracy, a re-survey is
initiated. The baseline processing results of the control points in the Jibatang River Basin, as generated by
TBC software, are summarized in Table 21.

Table 17. Baseline Processing Report for Jibatang River Basin Static Survey

S Obaervation  Tvpe.  (Meter) (Meery  CeodeticAz UL B
BLLM-01 --- SMR-17 (B1) 9-7-2015 Fixed 0.005 0.014 154°14'25" | 43513.866
UP-STO --- BLLM-01 (B