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CHAPTER 1: OVERVIEW OF THE PROGRAM AND
BATANG-BATANG RIVER

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 in 2014” 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 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.

Also, the program was aimed at producing an up-to-date and detailed national elevation dataset suitable
for 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 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 University of the Philippines Los
Banos (UPLB). UPLB 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 modeling, and flood map generation for the 45 river basins in the MIMAROPA Region. The
university is located at Los Banos, Laguna.

1.2 Overview of the Batang-batang River Basin

Climate Type | and Il prevails in MIMAROPA and Laguna based on the Modified Corona Classification of
climate. Type | has two pronounced seasons, dry from November to April, and wet the rest of the year
with maximum rain period from June to September. On the other hand, Type Il has no very pronounced
maximum rain period and with short dry season lasting only from one to three months, during the period
from December to February or from March to May.

Batang-batang River basin is a 15,633 located in Palawan. It covers barangay Batang-batang, Bato-bato,
Calategas, Malinao, Princess Urduja, and Teresa in the municipality of Narra; Aramaywan and Berong in
Quezon. Its geologic classification includes Cretaceous-Paleogene and Recent.

The basin area has gently sloping to moderately steep slopes and with elevation ranging from 10 to more
than 200 meters above sea level (masl). Soil types that can be found in the area include Brooke’s clay
and San Manuel clay loam. The rest of the area is still unclassified (rough mountainous land). Lush forest
can still be found in the basin area dominated mostly by closed forest (broadleaved) and open forest
(broadleaved).

Batang-batang river passes through Bato-bato, Princess Urduja, Teresa, and Batang-batang. The 2010 NSO
Census of Population and Housing showed that Princess Urduha is the most populated barangay in the
area.

The study conducted by the Mines and Geosciences Bureau showed that barangay Princess Urduja, Batang-
batang and Teresa has moderate to high flood susceptibility. Based on the field surveys conducted by the
PHIL-LiDAR 1 validation team, there were only two notable weather disturbances that caused flooding in
2013 (Yolanda), and 2016 (Lawin). For landslide, barangay Berong has high susceptibility while Aramaywan
and Bato-bato has moderate to high susceptibility.
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Figure 1. Map of Batang-batang River Basin (in brown)



CHAPTER 2: LIDAR ACQUISITION IN BATANG-BATANG
FLOODPLAIN

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).

2.1 Flight Plans

To initiate the LiDAR acquisition survey of the Batang-batang floodplain, the Data Acquisition Component
(DAC) created flight plans within the delineated priority area for Batang-batang Floodplain in Palawan.
These flight missions were planned for 14 lines and ran for at most four and a half hours (4.5) including
take-off, landing and turning time using one sensor — the Gemini (see Annex 1 for sensor specifications).
The flight planning parameters for the LiDAR system are outlined in Table 1. Figure 2, on the other hand,
shows the flight plan for Batang-batang floodplain survey.

Table 1. Flight planning parameters for Gemini LiDAR system.

Pulse Repeti- Average
Block | Flying Height | Overlap | Field of | . P Scan Fre- | Average| Turn
. tion Frequency .
Name (AGL) (%) View quency | Speed Time
(PRF) (kHz) .
(Minutes)
BLK 42H [ 1100/1000/850 30 26/30/40 100/125 50 130 5
BLK 421 850 30 50 125 40 130 5
BLK 42] 1000 30 26 100 50 130 5
BLK 42K 1000 30 26 100 50 130 5
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Figure 2. Flight plans and base stations used for Batang-batang floodplain using the Gemini sensor.



2.2 Ground Base Station

The project team was able to recover one (1) NAMRIA ground control point, PLW-3043 which is of fourth
(4th) order accuracy and one (1) benchmark, BM PL-318.

The certification for the NAMRIA reference points and benchmarks are found in Annex 2 while the baseline
processing reports for the established control points are found in Annex 3. These were used as base
stations during flight operations for the entire duration of the survey from November 26 to 30, 2015. Base
stations were observed using dual frequency GPS receivers, TRIMBLE SPS 852 and TRIMBLE SPS 882. Flight
plans and location of base stations used during the aerial LiDAR acquisition in Batang-batang floodplain
are shown in Figure 2.

The succeeding sections depict the sets of reference points, control stations and established points,
and the ground control points for the entire Batang-batang Floodplain LiDAR Survey. Figure 3 shows the
recovered NAMRIA reference points within the area of the floodplain, while Table 2 to Table 5 show the
details about the following NAMRIA control stations and established points. Table 6, on the other hand,
shows the list of all ground control points occupied during the acquisition together with the corresponding
dates of utilization.

Table 2. Details of the reprocessed NAMRIA horizontal control point PLW-3043 used as
base station for the LiDAR acquisition.

Station Name PLW-3043
Order of Accuracy (benchmark) 4th order
Elevation (horizontal positioning) 1:10000
. . A Latitude 9°21’42.33800” North
Geograph|co$ci<;;dzlns;fj,mprslégpég(; Reference Longitude 118°31'50.87908” East
Ellipsoidal Height 8.199 m
Geographic Coordinates, World Geodetic Lat|t.ude J 2} 3,7'98382 I}forth
System 1984 Datum (WGS 84) Longitude 118°31'56.23900” East
Ellipsoidal Height 58.756 m
Grid Coordinates, Universal Transverse Easting 8789.146 m
Mercator Zone 51 North (UTM 51N WGS 1984) Northing 1037903.794 m

Table 3. Details of the recovered NAMRIA vertical control point PL-318 with processed
coordinates used as base station for the LiDAR acquisition.

Station Name PL-318
Order of Accuracy (benchmark) 1st Order
Elevation (horizontal positioning) 1:100000
. . e Latitude 9°24’58.86852” North
Geograph'coﬁggdz'”sgfjh P?F','F'{F;p;rz“; Reference Longitude 118°32/06.39402” East
Ellipsoidal Height 16.365 m
. . . Latitude 9°24’54.50099” North
Geogrsa[:;?elianggilBaaﬁsr,nV(\/vc\)/gds gz;’dehc Longitude 118°32'11.74904” East
y Ellipsoidal Height 66.814 m
Grid Coordinates, Universal Transverse Easting 9340.850 m
Mercator Zone 51 North (UTM 51N WGS 1984) Northing 1043950.552 m
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Figure 3. GPS set-up over PVP-1 (a) located on the ground beside Puerto Princesa Airport Fire Station; and
NAMRIA reference point PVP-1 (b) as recovered by the field team.

Table 4. Details of the reprocessed NAMRIA horizontal control point PVP-1 used as base station
for the LiDAR Acquisition.

Station Name PVP-1
Order of Accuracy (benchmark) 1st order
Elevation (horizontal positioning) 1:100000
. . I Latitude 9°44’31.66247” North
Gegraphic Coordinates, Phippine Reference Longitude 118°45'13.60677" East
Ellipsoidal Height 17.172 m
. . . Latitude 9°44'27.23233” North
Ge°g;az?éfnci’gg‘j'gzttisé]\’(v&gi 22;’““ Longitude 118°45'18.93228” East
¥ Ellipsoidal Height 61.835 m
Grid Coordinates, Universal Transverse Easting 33860.371m
Mercator Zone 51 North (UTM 51N WGS 1984) Northing 1079760.689 m




Table 5. Details of the recovered NAMRIA horizontal control point MRE-24 used as base
station for the LiDAR Acquisition.

Station Name PVP-1A
Order of Accuracy (benchmark) 1st order
Elevation (horizontal positioning) 1:100,000
. . e Latitude 9°44’32.50133” North
Geographlcofli(;g;dzlnsgfj,m P{‘;‘;‘;";ET Reference Longitude 118°45'13.64985” East
Ellipsoidal Height 17.110 m
. . . Latitude 9°44’28.07113” North
Geogrsazgcmc‘l’ggj'gaattisr'nv(vv‘;r(';ds gz;’dem Longitude 118°45'18.97534” East
v Ellipsoidal Height 67.394 m
Grid Coordinates, Universal Transverse Easting 33862.011m
Mercator Zone 51 North (UTM 51N WGS 1984) Northing 1079786.501 m

Table 6. Ground control points used during LiDAR data acquisition

Date Surveyed

Flight Number

Mission Name

Ground Control Points

November 26, 2015 3537G 2BLK42HJ330A PL-318 and PLW-3043
November 27, 2015 3541G 2BLK421331A PVP1 and PVP-1A

November 30, 2015 3553G 2BLK42HJ334A PL-318 and PLW-3043
November 30, 2015 3555G 2BLK42JsK334B PL-318 and PLW-3043

2.3 Flight Missions

A total of four (4) missions were conducted to complete the LiDAR data acquisition in Batang-batang
floodplain, for a total of fourteen hours and forty two minutes (14+42) of flying time for RP-C9022 (See
Annex 6). All missions were acquired using the Gemini LiDAR system. As shown below, the total area of
actual coverage per mission and the corresponding flying hours are depicted in Table 7, while the actual
parameters used during the LiDAR data acquisition are presented in Table 8.




Table 8. Flight missions for LiDAR data acquisition in Batang-batang Floodplain

Area Flying Hours
Al Surveyed
. Flight Surveyed | Surveyed . No. of
Date Flight | ithin th Outside
Surveyed Number Plan Area Area within the the Images H Mi
(km2) (km2) | Floodplain | ., laip | (Frames) s 0
(km2) Floodplain
(km2)
February 25, | 35376 | 19852 | 8161 0.81 80.8 0 3 30
2014
February 25, | 35416 | 10022 | 1335 5.22 128.28 0 3 50
2014
February 26, | 35536 | 13023 | 108.93 12.12 96.81 0 3 29
2014
February 27, | 35556 | 10019 | 98.97 38.45 60.52 0 3 53
2014
TOTAL 529.16 423.01 56.6 366.41 0 14 42
Table 7. Actual parameters used during LiDAR data acquisition.
Flying e Scan Average Average
Flight . Overlap Field of | Repetition .
Height = . Frequency Speed Turn Time
Number (AGL) (%) View (0) | Frequency (Hz) (kts) (Minutes)
(PRF) (kHz)
1100
3537G /1000 30 26/30/40 100/125 50 130 5
/850
3541G 850 30 50 125 40 130 5
3553G 1000 30 26 100 50 130 5
3555G 1000 30 26 100 50 130 5

2.4 Survey Coverage

This certain LiDAR acquisition survey covered the Batang-batang floodplain (See Annex 7). It is situated
within the municipality of Narra, Palawan. The municipalities of Narra and Aborlan were mostly covered
by the survey. The list of municipalities and cities surveyed with at least one (1) square kilometer coverage,
is shown in Table 9. Figure 4, on the other hand, shows the actual coverage of the LiDAR acquisition for the

Batang-batang floodplain.

Table 9. List of municipalities and cities surveyed during Batang-batang floodplain LiDAR survey.

S Total Area Percentage of Area
Province Municipality/City | Municipality/City surveyed (km2) Surveyed
(km2)
Narra 831.1903 271.3524 32.65%
Palawan
Aborlan 645.1105 87.74085 13.60%
Total 1476.3 359.093 23.12%




LiDAR Surveys and Flood Mapping of Batang-batang River

11 JINFE 1R eE

FHrSH

[aaligin ]

||ﬂ'|"\:'ﬁl'E '||I'1.|'[I'E '||l|'::TEI'E ||U":IJ"‘:"E
Legend
SOURCES
[ Acoseran BATANG-BATANG LIDAR COVERAGE -

Lider Cowerage 3 @
Pt PROUPCINN & CTELERT I
Value Univarsal Transverse Meveafor (UTM) Zong SN S .

Fagh : 3002 World Goodetic System (WES) 1984 @ .

“ Lerar ;0

Figure 4. Actual LiDAR data acquisition for Batang-batang floodplain.



CHAPTER 3: LIDAR DATA PROCESSING FOR BATANG-
BATANG FLOODPLAIN

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 LiDAR Data Pre-Processing

The data transmitted by the Data Acquisition Component are 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 is done in order to obtain the exact location of the LiDAR
sensor when the laser was shot. Point cloud georectification is performed to incorporate correct position
and orientation for each point acquired. The georectified LiDAR point clouds are subject for quality checking
to ensure that the required accuracies of the program, which are the minimum point density, vertical and
horizontal accuracies, are met. The point clouds are then classified into various classes before generating
Digital Elevation Models such as Digital Terrain Model and Digital Surface Model

Using the elevation of points gathered in the field, the LiDAR-derived digital models are calibrated. Portions
of the river that are barely penetrated by the LiDAR system are replaced by the actual river geometry
measured from the field by the Data Validation and Bathymetry Component. LiDAR acquired temporally
are then mosaicked to completely cover the target river systems in the Philippines. Orthorectification of
images acquired simultaneously with the LiDAR data is done through the help of the georectified point
clouds and the metadata containing the time the image was captured.

These processes are summarized in the flowchart shown in Figure 5.
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Figure 5. Schematic Diagram for Data Pre-Processing Component



3.2 Transmittal of Acquired LiDAR Data

Data transfer sheets for all the LiDAR missions for Batang-batang floodplain can be found in Annex 5.
Missions flown during the first survey conducted on November 2015 used the Airborne LiDAR Terrain
Mapper (ALTM™ Optech Inc.) Gemini system over Narra, Palawan.

The Data Acquisition Component (DAC) transferred a total of 59.8 Gigabytes of Range data, 654 Megabytes
of POS data, 22.51 Megabytes of GPS base station data, and no raw image data to the data server on
December 8,2015. The Data Pre-processing Component (DPPC) verified the completeness of the transferred
data. The whole dataset for Batang-batang was fully transferred on December 8, 2015, as indicated on the
Data Transfer Sheets for Batang-batang floodplain.

3.3 Trajectory Computation

The Smoothed Performance Metrics of the computed trajectory for flight 3555G, one of the Batang-
batang flights, which is the North, East, and Down position RMSE values are shown in Figure 6. 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 on that week fell on November 30, 2015 00:00AM. The y-axis is the RMSE
value for that particular position.
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Figure 6. Smoothed Performance Metrics of Batang-batang Flight 3555G.

The time of flight was from 103500 seconds to 110000 seconds, which corresponds to afternoon of
November 30, 2015. The initial spike that is seen on the data corresponds to the time that the aircraft was
getting into position to start the acquisition, and the POS system starts computing for the position and
orientation of the aircraft.



Redundant measurements from the POS system quickly minimized the RMSE value of the positions. The
periodic increase in RMSE values from an otherwise smoothly curving RMSE values correspond to the turn-
around period of the aircraft, when the aircraft makes a turn to start a new flight line. Figure 6 shows that
the North position RMSE peaks at 1.32 centimeters, the East position RMSE peaks at 1.14 centimeters, and
the Down position RMSE peaks at 2.88 centimeters, which are within the prescribed accuracies described
in the methodology.
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Figure 7. Solution Status Parameters of Batang-batang Flight 3555G.

The Solution Status parameters of flight 3555G, one of the Batang-batang flights, which are the number
of GPS satellites, Positional Dilution of Precision (PDOP), and the GPS processing mode used, are shown
in Figure 7. The graphs indicate that 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. The PDOP value also did
not go above the value of 3, which indicates optimal GPS geometry. The processing mode stayed at the
value of 0 for majority of the survey with some peaks up to 1 attributed to the turns performed by the
aircraft. The value of 0 corresponds to a Fixed, Narrow-Lane mode, which is the optimum carrier-cycle
integer ambiguity resolution technique available for POSPAC MMS. All of the parameters adhered to the
accuracy requirements for optimal trajectory solutions, as indicated in the methodology. The computed
best estimated trajectory for all Batang-batang flights is shown in Figure 8.
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Figure 8. Best Estimated Trajectory of the LiDAR missions conducted over the Batang-batang Floodplain.

3.4 LiDAR Point Cloud Computation

The produced LAS contains 48 flight lines, with each flight line containing one channel, since the Gemini
system contain one channel only. The summary of the self-calibration results obtained from LiDAR
processing in LIDAR Mapping Suite (LMS) software for all flights over the Batang-batang floodplain are
given in Table 10.

Table 10. Self-Calibration Results values for Batang-batang flights.

Boresight Correction stdev (<0.001degrees) 0.000914
IMU Attitude Correction Roll and Pitch Corrections stdev (<0.001degrees) 0.000954
GPS Position Z-correction stdev (<0.01meters) 0.0089

The optimum accuracy were obtained for all Batang-batang flights based on the computed standard
deviations of the corrections of the orientation parameters. The standard deviation values for individual
blocks are available in the Mission Summary Reports in Annex 8.
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3.5 LiDAR Data Quality Checking

The boundary of the processed LiDAR data on top of the SAR Elevation Data over the Batang-batang
Floodplain is shown in Figure 9. The map shows gaps in the LiDAR coverage that are attributed to cloud
coverage.
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Figure 9. Boundaries of the processed LiDAR data over the Batang-batang Floodplain.

The total area covered by the Batang-batang missions is 242.18 square kilometers (sg. kms.) that is
comprised of three (3) flight acquisitions grouped and merged into four (4) blocks as shown in Table 11.

Table 11. List of LiDAR blocks for the Batang-batang floodplain.

LiDAR Blocks Flight Numbers Area (sq. km)
Palawan_reflights_Blk42el 3541G 125.57
Palawan_reflights_Blk42e) 3555G 60.06

Palawan_reflights_Blk42e]) additional 3553G 17.32
Palawan_reflights_Blk42eK 3555G 39.23
TOTAL 242.18 sq.km
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The overlap data for the merged LiDAR blocks, showing the number of channels that pass through a
particular location is shown in Figure 10. Since the Gemini system employs one channel, we would expect
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 10. Image of data overlap for Batang-batang floodplain.
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The overlap statistics per block for the Batang-batang floodplain can be found in the Mission Summary
Reports (Annex 8). One pixel corresponds to 25.0 square meters on the ground. For this area, the minimum
and maximum percent overlaps are 26.16% and 35.51% which passed 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 shown in Figure 11. It was determined that all LIDAR
data for the Batang-batang floodplain satisfy the point density requirement, and the average density for
the entire survey area is 4.96 points per square meter.
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Figure 11. Pulse density map of the merged LiDAR data for Batang-batang floodplain.
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The elevation difference between overlaps of adjacent flight lines is shown in Figure 12. The default color
range is from blue to red, where bright blue areas correspond to portions where elevations of a previous
flight line, identified by its acquisition time, are higher by more than 0.20m relative to elevations of its
adjacent flight line. Bright red areas indicate portions where elevations of a previous flight line are lower
by more than 0.20m relative to elevations of its adjacent flight line. Areas with bright red or bright blue
need to be investigated further using Quick Terrain Modeler software.

Figure 12. Elevation difference Map between flight lines for the Batang-batang Floodplain Survey.
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A screen capture of the processed LAS data from a Batang-batang flight 3555G loaded in QT Modeler is
shown in Figure 13. The upper left image shows the elevations of the points from two 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 are differences in elevation, but the differences do not exceed the
20-centimeter mark. This profiling was repeated until the quality of the LiDAR data becomes satisfactory.
No reprocessing was done for this LiDAR dataset.
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Figure 13. Quality checking for aBatang-batang flight 3555G using the Profile Tool of QT Modeler

3.6 LiDAR Point Cloud Classification and Rasterization

Table 12. Batang-batang classification results in TerraScan.

Pertinent Class Total Number of Points
Ground 130,251,049
Low Vegetation 158,721,948
Medium Vegetation 529,555,022
High Vegetation 242,605,215
Building 4,402,229

The tile system that TerraScan employed for the LiDAR data and the final classification image for a block
in Batang-batang floodplain is shown in Figure 14. A total of 370 1km by 1km tiles were produced. The
number of points classified to the pertinent categories is illustrated in Table 12. The point cloud has a
maximum and minimum height of 505.92 meters and 45.93 meters, respectively.
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Figure 14. Tiles for Batang-batang Floodplain (a) and classification results (b) in TerraScan.

An isometric view of an area before and after running the classification routines is shown in Figure 15. The
ground points are in orange, while the vegetation is in different shades of green, and the buildings are in
cyan. It can be seen that residential structures adjacent or even below the canopy are classified correctly,
due to the density of the LiDAR data.

Figure 15. Point cloud before (a) and after (b) classification.

The production of the last return (V_ASCIl) and the secondary (T_ ASCIl) DTM, first (S_ ASCII) and last
(D_ ASCIl) return DSM of the area in top view display are show in Figure 16. It shows that DTMs are
the representation of the bare earth, while on the DSMs, all features are present, such as buildings and
vegetation.
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Figure 16. The production of last return DSM (a) and DTM (b), first return DSM (c) and secondary DTM (d) in
some portion of Batang-batang floodplain.

3.7 LiDAR Image Processing and Orthophotograph Rectification

There are no available orthophotographs for the Batang-batang floodplain.

20



LiDAR Surveys and Flood Mapping of Batang-batang River

3.8 DEM Editing and Hydro-Correction

Four (4) mission blocks were processed for Batang-batang flood plain. These blocks are composed of
Palawan_reflight blocks with a total area of 242.18 square kilometers. Table 13 shows the name and
corresponding area of each block in square kilometers.

Table 13. LiDAR blocks with its corresponding area.

LiDAR Blocks Area (sq.km)
Palawan_reflights_Blk42el 125.57
Palawan_reflights_Blk42e) 60.06

Palawan_reflights_Blk42e])_ additional 17.32
Palawan_reflights_Blk42eK 39.23
TOTAL 242.18 sq.km

Figure 17 shows portions of a DTM before and after manual editing. As evident in the figure, a portion of a
waterway (Figure 17a) has obstructed the flow of water along the river. To correct the river hydrologically,
it was removed through manual editing (Figure 17b). The data gap (Figure 17c) has been filled to complete
the surface (Figure 17d) to allow the correct flow of water.

Figure 17. Portions in the DTM of the Batang-batang Floodplain - a portion of a waterway before (a) and after (b)
manual editing; and a data gap before (c) and after (d) filling.
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3.9 Mosaicking of Blocks

Palawan_Blk42Aa was used as the reference block at the start of mosaicking because it was the first block
mosaicked to the larger DTM of West Coast Palawan. Table 14 shows the shift values applied to each LiDAR
block during mosaicking.

Mosaicked LiDAR DTM for Batang-batang floodplain is shown in Figure 18. It can be seen that the entire

Batang-batang floodplain is 99.23% covered by LiDAR data while portions with no LiDAR data were patched
with the available IFSAR data.

Table 14. Shift Values of each LiDAR Block of Batang-batang floodplain.

L. Shift Values (meters)
Mission Blocks

X y z
Palawan_reflights_Blk42el 0.00 0.00 0.05
Palawan_reflights_Blk42e) 0.00 2.02 -1.51

Palawan_reflights_Blk42e]) additional -2.00 1.00 5.51
Palawan_reflights_Blk42eK 0.00 2.02 -1.45
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Figure 18. Map of Processed LiDAR Data for Batang-batang Flood Plain.
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3.10 Calibration and Validation of Mosaicked LiDAR Digital Elevation Model

The extent of the validation survey done by the Data Validation and Bathymetry Component (DVBC) in
Batang-batang to collect points with which the LiDAR dataset is validated is shown in Figure 19, with the
validation survey points highlighted in green. A total of 3,080 survey points were used for calibration and
validation of Batang-batang LiDAR data. Random selection of 80% of the survey points, resulting to 2,464
points, was used for calibration.

A good correlation between the uncalibrated Batang-batang LiDAR DTM and ground survey elevation
values is shown in Figure 20. Statistical values were computed from extracted LiDAR values using the
selected points to assess the quality of data and obtain the value for vertical adjustment. The computed
height difference between the LiDAR DTM and calibration points is 9.86 meters with a standard deviation
of 0.20 meters. Calibration of Batang-batang LiDAR data was done by adding the height difference value,
9.86 meters, to Batang-batang mosaicked LiDAR data. Table 15 shows the statistical values of the compared
elevation values between Batang-batang LiDAR data and calibration data.
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Figure 19. Map of Batang-batang Flood Plain with validation survey points in green.
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Figure 20. Correlation plot between calibration survey points and LiDAR data.

Table 15. Calibration Statistical Measures.

Calibration Statistical Measures Value (meters)
Height Difference 9.86
Standard Deviation 0.20
Average 9.85
Minimum 9.45
Maximum 10.25

A total of 616 points were used for the validation of calibrated Batang-batang 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 shown in Figure 21. The computed RMSE between the calibrated LiDAR
DTM and validation elevation values is 0.16 meters with a standard deviation of 0.16 meters, as shown in
Table 16.
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Figure 21. Correlation plot between validation survey points and LiDAR data.

Table 16. Validation Statistical Measures.

Validation Statistical Measures Value (meters)
RMSE 0.20
Standard Deviation 0.20
Average -0.004
Minimum -0.40
Maximum 0.40

3.11 Integration of Bathymetric Data into the LiDAR Digital Terrain Model

For bathy integration, only cross-section data was available for Batang-batang with 2,115 bathymetric
survey points. The resulting raster surface produced was done by Kernel Interpolation with Barrier
method. After burning the bathymetric data to the calibrated DTM, assessment of the interpolated surface
is represented by the computed RMSE value of 0.05 meters. The extent of the bathymetric survey done by
the Data Validation and Bathymetry Component (DVBC) in Batang-batang integrated with the processed
LiDAR DEM is shown in Figure 22.
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Figure 22. Map of Batang-batang Floodplain with bathymetric survey points shown in blue.
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3.12 Feature Extraction

The features salient in flood hazard exposure analysis include buildings, road networks, bridges, and
water bodies within the floodplain area with a 200-meter buffer zone. Mosaicked LiDAR DEMs with a 1-m
resolution were used to delineate footprints of building features, which comprised of residential buildings,
government offices, medical facilities, religious institutions, and commercial establishments, among
others. Road networks comprise of main thoroughfares such as highways and municipal and barangay
roads essential for the routing of disaster response efforts. These features are represented by network of
road centerlines.

3.12.1 Quality Checking (QC) of Digitized Features’ Boundary

Batang-Batang floodplain, including its 200 m buffer, has a total area of 51.31 sq km. For this area, a total
of 5.0 sq km, corresponding to a total of 441 building features, are considered for QC. Figure 23 shows the
QC blocks for Batang-Batang floodplain.
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Figure 23. QC Blocks (in blue) of Batang-batang building features that was subjected to QC.

Quality checking of Batang-batang building features resulted in the ratings shown in Table 17.

Table 17. Details of the quality checking ratings for the building features extracted for the Batang-batang River Basin

FLOODPLAIN COMPLETENESS CORRECTNESS QUALITY REMARKS

Batang-batang 98.87 98.87 96.15 PASSED




3.12.2 Height Extraction

Height extraction was done for 51,234 building features in Batang-batang floodplain. Of these building
features, 843 were filtered out after height extraction, resulting to 50,391 buildings with height attributes.
The lowest building height is at 2.00 meters, while the highest building is at 14.87 meters.

3.12.3 Feature Attribution

A field team was deployed to the floodplain areas to gather attribute data for the features. Point features
in .gpx format were generated from the feature shapefiles. These were loaded into OsmAnd, a mobile
mapping application that uses OpenStreetMap (OSM) data as base map. Attributes of feature points of
interest (POIs) such as government institutions, social service facilities, agro-industrial facilities, commercial
buildings, and transportation and utility offices were recorded. These attributes include building types and
names. Names and types of roads were also noted. For water bodies and bridges, only the names were
recorded.

Table 18 summarizes the number of building features per type. On the other hand, Table 19 shows the
total length of each road type, while Table 20 shows the number of water features extracted per type.



Table 18. Building Features Extracted for Batang-batang Floodplain.

Facility Type No. of Features
Residential 2369
School 47
Market 10
Agricultural/Agro-Industrial 7
Medical Institutions 4
Barangay Hall 8
Military Institution 0
Sports Center/Gymnasium/Covered Court 5
Telecommunication Facilities 0
Transport Terminal 0
Warehouse 14
Power Plant/Substation 4
NGO/CSO Offices
Police Station
Water Supply/Sewerage
Religious Institutions 10
Bank 0
Factory
Gas Station
Fire Station 0
Other Government Offices 12
Other Commercial Establishments 25
Total 2519

Table 19. Total Length of Extracted Roads for Batang-batang Floodplain.

Road Network Length (km)

Floodplain i ici Total
P Barangay | City/Municipal Provincial Road | National Road | Others
Road Road
Batang-batang 38.36 0.00 0.00 1.03 0.00 39.39
Table 20. Number of Extracted Water Bodies for Batang-batang Floodplain.
Water Body Type
Floodplain - - Total
Rivers/Streams | Lakes/Ponds Sea Dam Fish Pen
Batang-batang 1 0 1 0 0 2

A total of 7 bridges and culverts over small channels that are part of the river network were also extract-
ed for the floodplain.
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3.12.4 Final Quality Checking of Extracted Features

All extracted ground features were completely given the required attributes. All these output features
comprise the flood hazard exposure database for the floodplain. This completes the feature extraction
phase of the project.

Figure 24 shows the completed Digital Surface Model (DSM) of the Batang-batang floodplain overlaid with
its ground features.
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Figure 24. Extracted features for Batang-batang Floodplain.
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LiDAR Surveys and Flood Mapping of Batang-batang River

CHAPTER 4: DATA VALIDATION SURVEY AND
MEASUREMENTS IN THE BATANG-BATANG RIVER
BASIN

Engr. Louie P. Balicanta, Engr. Joemarie S. Caballero, Ms. Patrizcia Mae. P. dela Cruz, Engr. Kristine Ailene
B. Borromeo Ms. Jeline M. Amante, Marie Angelique R. Estipona, Charie Mae V. Manliguez, Engr. Janina
Jupiter, and Vie Marie Paola M. Rivera

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 AB Surveying and Development (ABSD) conducted a field survey in Batang-batang River on November
28, 2015, January 26, 27, 31, February 1, 2016. Generally, the scope of work was comprised of (i) initial
reconnaissance; (ii) control point survey for the establishment of a control point; (iii) the cross section
survey and bridge as-built survey, and water level marking in the Mean Sea Level (MSL) of the Batang-batang
Bridge; (iv) validation points acquisition of about 82 km covering the Batang-batang River Basin area; and
(v) manual bathymetric survey from the mouth of the river in Brgy. Batang-Batang to the upstream in Brgy.
Princess Urduja both in the Municipality of Narra using GNSS survey technique and Horizon® Total Station.
Figure 25 illustrates the extent of the entire survey in Batang-batang River.
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Figure 25. Batang-batang River Survey Extent
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4.2 Control Survey

The GNSS network utilized for the Batang-batang River Basin is composed of two (2) loops established on
August 23, 2016, which occupied the following reference points: PLW-122, a second-order GCP, in Brgy.
Calasaguen, Brookes Point, Palawan and PL-432, a first-order BM, in Brgy. Maasin, Brookes Point, Palawan.

Three (3) control points were established in the area by ABS, namely: UP_BAT-1 at the approach of Batang-
batang Bridge in Brgy. Batang-batang, Narra, Province of Palawan, UP_PUL-1 at the approach of Pulot
Bridge in Brgy. Pulot Shore, Sofronio Espaiiola, Palawan, and UP_TIG-1 located at the approach of Tigaplan
Bridge in Brgy. Barong-barong, Brookes Point, Palawan.

Table 21 depicts the summary of reference and control points utilized, with their corresponding locations.

Table 21. List of reference and control points used during the survey in Batang-batang River
(Source: NAMRIA, UP-TCAGP).

Geographic Coordinates (WGS 84)

Control | Order of Ellipsoidal | Elevation .

Point Accuracy Latitude Longitude Height in MSL Established
(Meter) (Meter)

PLW-122 2”%‘&?”’ 8°53'15.04059"N | 117°58'54.93380"E | 62.283 0.061 2007

PL-432 1St§|\r/‘|jer' 8°53'00.38663"N | 117°56'15.64298"E | 68.495 0.042 2008

UP_BAT-1 | Established | 9°13'36.17513" | 118°19'28.44057"E | 99.128 48.319 12-07-15

UP_PUL-1 | Established | 8°56'59.82715"N | 117°59'27.45211"E | 61.711 0.064 12-17-15

UP_TIG-1 | Established | 8°48'46.72587"N | 117°51'10.83488"E | 60.057 0.086 11-30-15




Figure 26 to Figure 30 depict the setup of the GNSS on recovered reference points and established control
points in the Batang-batang River.

Trimhle® S §32

Figure 26. GNSS base set up, Trimble® SPS 852 at PLW-122, located in an open lot beside the
house of Ms. Liza Jamili in Brgy. Calasaguen, Brookes Point, Province of Palawan.

Trimble” SPS 832

Figure 27. GNSS receiver set up, Trimble® SPS 882, at PL-432, located at the approach of Maasin Bridge in Brgy.
Maasin, Brookes Point, Province of Palawan.



Figure 28. GNSS receiver set up, Trimble® SPS SPS 882, at UP_BAT-1, located near the approach of Batang-batang
Bridge in Brgy. Princesa Urduja, Narra, Province of Palawan.

4 Trimble® SPS

Figure 29. GNSS receiver set up, Trimble® SPS 985, at UP_PUL-1, located at the approach of Pulot Bridge, In Brgy.
Pulot Shore, Sofronio Espanola, Province of Palawan.



Figure 30. Figure 30. GNSS receiver set up, Trimble® SPS 985, at UP_TIG-1, located at the approach of Tigaplan
Bridge in Brgy. Tigaplan, Brookes Point, Province of Palawan.



4.3 Baseline Processing

The GNSS Baselines were processed simultaneously in TBC by observing that all baselines have fixed
solutions with horizontal and vertical precisions within +/- 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 or covering of portions of the baseline data using the same processing software. The data
is then repeatedly processed until all baseline requirements are met. If the reiteration yields out of the
required accuracy, a resurvey is initiated. Table 22 presents the baseline processing results of control points
in the Batang-batang River Basin, as generated by the TBC software.

Table 22. Baseline Processing Report for Batang-batang River Static Survey
(Source: NAMRIA, UP-TCAGP)

Observation Date of Solution | H. Prec. | V. Prec. | Geodetic EIII')?:: L AHeight
Observation | Type (Meter) | (Meter) Az. (Meter) (Meter)
UP—PLéle_'l" UP_ | 8232016 | Fixed 0.034 | 0.034 |230°10'32" | 27770.125 | -11.807
PL"‘ZiT'_'i UP_ | 8232016 | Fixed 0.024 | 0.024 | 228°16'42" | 57014.957 | 55.240
UP—T'PGi_'l" UP_ | 8232016 | Fixed | 0019 | 0.019 | 45°0206" | 21441.510 | 55.249
UP—T'E;Z"' PL- | 8232016 | Fixed 0.026 | 0.026 | 50°04'25" | 12144.165 | -35.515
PLW'%ZL_'; UP_ | 8232016 | Fixed | 0012 | 0012 | 81107 | 6977.113 | 14.631
PLW'lj322"' Pl | 8232016 | Fixed 0.020 | 0.020 | 264°43'06" | 4887.669 | 2.872

As shown in Table 22, a total of six(6) baselines were processed with the coordinate and ellipsoidal height
values of PLW-122 held fixed; it is apparent that all baselines passed the required accuracy.

4.4 Network Adjustment

After the baseline processing procedure, the network adjustment is performed using the TBC software.
Looking at the Adjusted Grid Coordinates table of the TBC-generated Network Adjustment Report, it is
observed that the square root of the sum of the squares of x and y must be less than 20 cm and z less than
10 cm for each control point; or in equation form:

V((x)? + (%)% <20cm and z, < 10 em

where:
xe is the Easting Error,
ye is the Northing Error, and
ze is the Elevation Error

For complete details, see the Network Adjustment Report shown in Table 23 to Table 26

The five (5) control points, PL-432, PLW-122, UP-BAT-1, UP_PUL-1, and UP-TIG-1 were occupied and
observed simultaneously to form a GNSS loop. The coordinates and ellipsoidal height of PLW-122 were
held fixed during the processing of the control points as presented in Table 23. Through these reference
points, the coordinates and elevation of the unknown control points will be computed.



Table 23. Control Point Constraints

Point ID T East o North o Height o Elevation
(Meter) (Meter) (Meter) (Meter)

PLW-122 Global Fixed Fixed

UP_BAT-1 Grid Fixed

UP_BAT-1 Global Fixed Fixed

Fixed = 0.000001 (Meter)

Likewise, the list of adjusted grid coordinates, i.e. Northing, Easting, Elevation and computed standard
errors of the control points in the network is indicated in Table 24.

Table 24. Adjusted grid coordinates for the control points used in the Batang-batang River flood plain survey.

Point ID Easting EE:rFlor:g I\(Ilslr:r;r:)g l\lcl)i';‘trrc‘:rn ¢ E(I:nv:tt:; c:)n EITE‘:?:: ’ Constraint
(Meter) (Meter) (Meter)
PLW-122 | 607965.609 982558.716 ? 11.971 0.061 LL
PL-432 603101.186 0.014 982096.040 0.014 18.317 0.042
UP_BAT-1 | 645509.020 1020187.067 ? 48.319 ? LLe
UP_PUL-1 | 608940.379 0.010 989465.589 0.008 11.454 0.064
UP_TIG-1 | 593808.679 0.017 974282.799 0.017 10.210 0.086

The results of the computation for accuracy are as follows:

a. PLW-122
horizontal accuracy
vertical accuracy

b. PL-432
horizontal accuracy

vertical accuracy

C. UP_BAT-1
horizontal accuracy
vertical accuracy

d. UP_PUL-1
horizontal accuracy

vertical accuracy

e. UP_TIG-1

horizontal accuracy

vertical accuracy

Fixed

Fixed

V((1.4)% + (1.4)?

= V (1.96 + 1.96)
= 1.98<20cm
4.2<10cm

Fixed

Fixed

V((1.0)2 + (0.8)?

= V (1.0 + 0.64)
= 1.28<20cm
6.4<10cm

V((1.7)% + (1.7)?

= V (2.89 + 2.89)
= 2.40<20cm
8.6<10cm

Following the given formula, the horizontal and vertical accuracy result of the four (4) occupied control
points are within the required precision.




Table 25. Adjusted geodetic coordinates for control points used in the Batang-batang River Flood Plain validation.

Point ID Latitude Longitude (I;I:;%::) He(il,;gnh:ti:;or Constraint
PLW-122 8°53'15.04059"N 117°58'54.93380"E 62.283 0.061 LL
PL-432 8°53'00.38663"N | 117°56'15.64298"E 68.495 0.042
UP_BAT-1 9°13'36.17513"N 118°19'28.44057"E 99.128 ? LLe
UP_PUL-1 8°56'59.82715"N | 117°59'27.45211"E 61.711 0.064
UP_TIG-1 8°48'46.72587"N 117°51'10.83488"E 60.057 0.086

The corresponding geodetic coordinates of the observed points are within the required accuracy as shown
in Table 25. Based on the results of the computation, the accuracy conditions are satisfied; hence, the
required accuracy for the program was met. The computed coordinates of the reference and control points
utilized in the Batang-batang River GNSS Static Survey are seen in Table 26.

Table 26. The reference and control points utilized in the Batang-batang River Static Survey, with their
corresponding locations (Source: NAMRIA, UP-TCAGP)

Geographic Coordinates (WGS 84)

UTM ZONE 51 N

Control Order of Ellipsoidal MSL
Point Accuracy Latitude Longitude Height Northing Easting | Elevation
(m) (m)
2nd order, ornt " ool "
PLW-122 GCp 8°53'15.04059"N | 117°58'54.93380"E 85.647 982558.716 | 607965.609 0.061
1st order, R " op "
PL-432 BM 8°53'00.38663"N | 117°56'15.64298"E 63.739 982096.040 | 603101.186 0.042
UP BAT' . o 1 n o 1 n
—1 Established | 9°13'36.17513"N | 118°19'28.44057"E 48.751 1020187.067 | 645509.020 | 48.319
UP_PUL- . o gt " ocq! "
—1 Established | 8°56'59.82715"N | 117°59'27.45211"E 52.045 989465.589 | 608940.379 0.064
UP_TIG- . ong " ot "
- Established | 8°48'46.72587"N | 117°51'10.83488"E | 48.192 974282.799 |593808.679 | 0.086

1




4.5 Cross-section and Bridge As-Built survey and Water Level Marking

The bridge cross-section and as-built survey were conducted on November 28, 2015 at the downstream

side of Batang-batang Bridge in Brgy. Batang-Batang, Municipality of Narra using a total station (Figure 31
and Figure 32).

Figure 32. Bridge As-Built Survey of Batang-batang Bridge.



The length of the cross-sectional line surveyed at Batang-batang Bridge is about 160.211 m with forty-seven
(47) cross-sectional points using the control points UP_BAT-1 and UP_BAT-2 as the GNSS base stations. The
location map, cross-section diagram, and the accomplished bridge data form are shown in Figure 33 to
Figure 35.

Gathering of random points for the checking of ABSD’s bridge cross-section and bridge points data was
performed by DVBC on August 25, 2016 using a survey grade GNSS Rover receiver attached to a 2-m pole.
Linear square correlation (R2) and RMSE analysis were performed on the two (2) datasets. The linear square
coefficient range is determined to ensure that the submitted data of the contractor is within the accuracy
standard of the project which is £20 cm and £10 cm for horizontal and vertical, respectively. The R2 value
must be within 0.85 to 1. An R2 approaching 1 signifies a strong correlation between the vertical (elevation
values) of the two datasets. A computed R2 value of 0.1318 was obtained was obtained by comparing the
data of the contractor and DVBC, which is not within the required R2 range. However, since the checking
points were gathered on the paved area of the bridge, the value has been deemed acceptable.

In addition to the Linear Square correlation, Root Mean Square (RMSE) analysis is also performed in order
to assess the difference in elevation between the DVBC checking points and the contractor’s. The RMSE
value should only have a maximum radial distance of 5 m and the difference in elevation within the radius
of 5 meters should not be beyond 0.50 m. For the bridge cross-section data, a computed value of 0.3710
m, this is within the program’s requirement.
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Bridee Name: BATANG-BATANG BRIDMNGE

Fiver Mame: BATANG-BATANG RIVER
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Survey Teem: Willizm MMamarl Bemard Biacis
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Legend:

BA = Bridge Appraoach

F = Fier

Ab = Abutment

D =Deck

WL = Water Level/Surface
MSL = Mean 5ea Level
() = Measurement Value

Line Segment Measurement (m) | Remarks
1. BA1-BAZ 0.82m

2. BAZ-BAZ 8283 m

3. BA3-BA4 284 m

4 BA1-Ab1 012 m

5. AbZ-BAd4 012 m

6. Deck/beam thickness | 0.890 m

7. Deck elevation 8.310m

Mote: Obhserver should be facing downstream

Figure 35. The Batang-batang Bridge as-built survey data.

The water surface elevation of Batang-batang River was determined using a Horizon® Total Station on
November 28, 2015 at 10:00 AM with a value of 39.405 m (MSL) as shown in Figure 36. This was translated
into marking on the bridge’s pier using the same technique as shown in Figure 36. It now serves as the
reference for flow data gathering and depth gauge deployment of the University of the Philippines Los
Bafios (UPLB), the partner HEI responsible for the monitoring of Batang-batang River.



Figure 36. Water level markings on Batang-batang Bridge.

4.6 Validation Points Acquisition Survey

The validation points acquisition survey was conducted by DVBC from August 16 to 28, 2016 using a survey
grade GNSS Rover receiver, Trimble® SPS 985, mounted on a range pole which was attached on the side of
the vehicle as shown in Figure 37. It was secured with cable ties and ropes to ensure that it was horizontally
and vertically balanced. The antenna height was 1.361 m and measured from the ground up to the bottom
of the quick release of the GNSS Rover receiver. The PPK technique utilized for the conduct of the survey
was set to continuous topo mode with UP_BAT-1 occupied as the GNSS base station in the conduct of the
survey.



Trimble® SPS 085

Figure 37. GNSS Receiver Trimble® SPS 882 installed on a vehicle for Ground Validation Survey.

The survey started from Brgy. Malatgao, Municipality of Narra, Palawan going northwest along the national
highway, covering four (4) barangays in the Municipality of Brookes Point, and ended in Brgy. Malinao,
Municipality of Narra, Palawan. The survey gathered a total of 1,725 points with approximate length of

14.67 km using UP_BAT-1 as GNSS base station for the entire extent validation points acquisition survey as
illustrated in the map in Figure 38.
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Figure 38. The extent of the LiDAR ground validation survey (in red) for Batang-batang River Basin.
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4.7 Bathymetric Survey

A bathymetric survey was performed on January 26, 27, 31 and February 1, 2016 using a Horizon™ Total
Station, as illustrated in Figure 39. The survey started from the mouth of the river in Brgy. Batang-batang in
Municipality of Bataraza, Palawan with coordinates 9°10°48.66790”N, 118°20°52.94360”E and ended at the
upstream of the river in Brgy. Princess Urduja, Municipality of Narra, with coordinates 9°15’35.88840”N,
118°18'7.26189"E, as shown in the map in Figure 40. The control points UP_BAT-1 and UP_BAT-2 were
used as GNSS base stations all throughout the entire survey.

Linear square correlation (R2) and RMSE analysis were also performed on the two (2) datasets. The
computed R2 value of 0.9972 is within the required range for R2, which is 0.85 to 1. Additionally, an RMSE
value of 0.1034 was obtained. Both the computed R2 and RMSE values are within the accuracy required
by the program.

Horizon® Total Station

Figure 39. Set up of the bathymetric survey of ABSD at Batang-batang River using Horizon™ Total Station.

To further illustrate this, a CAD drawing of the riverbed profile of the Batang-batang River was produced.
As seen in Figure 42, an elevation drop of 96.64 m was observed within the distance of approximately
10.835 km.
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CHAPTER 5: FLOOD MODELING AND MAPPING

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

5.1 Data Used for Hydrologic Modeling

5.1.1 Hydrometry and Rating Curves

All components and data, such as rainfall, water level, and flow in a certain period of time, which may
affect the hydrologic cycle of the Batang-batang River Basin were monitored, collected, and analyzed.

5.1.2 Precipitation

There is no gathered rainfall data for Batang-Batang River Basin. The HMS model is not calibrated. The
values generated HMS model is set to default.

5.2 RIDF Station

PAGASA computed the Rainfall Intensity Duration Frequency (RIDF) values for the Puerto Princesa
Rain Gauge (Table 27). The RIDF rainfall amount for 24 hours was converted into a synthetic storm by
interpolating and re-arranging the values in such a way that certain peak values will be attained at a certain
time (Figure 43). This station was selected based on its proximity to the Batang-batang watershed. The
extreme values for this watershed were computed based on a 58-year record.

Table 27. values for Romblon Rain Gauge computed by PAGASA

COMPUTED EXTREME VALUES (in mm) OF PRECIPITATION

T (yrs) | 10 mins | 20 mins | 30 mins 1hr 2 hrs 3 hrs 6 hrs 12 hrs | 24 hrs
2 14.8 22 27.3 36.2 49.8 58.8 75.1 88 104.1

5 213 31.9 39.7 523 73 86.9 112.8 135.4 156.4
10 25.6 38.5 48 63 88.4 105.5 137.8 166.8 191.1
15 28.1 42.2 52.6 69 97 116 151.9 184.5 210.6
20 29.8 44.7 55.9 73.3 103.1 1234 161.7 196.8 224.3
25 31.1 46.7 58.4 76.5 107.8 129.1 169.3 206.4 234.9
50 35.2 52.9 66.1 86.5 122.2 146.5 192.7 235.8 267.3
100 39.2 59 73.7 96.4 136.5 163.8 216 265 299.6
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Figure 43. Location of Puerto Princesa RIDF Station relative to Batang-batang River Basin.
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Figure 44. Synthetic storm generated for a 24-hr period rainfall for various return periods




LiDAR Surveys and Flood Mapping of Batang-batang River

5.3 HMS Model

The soil dataset was generated before 2004 from the Bureau of Soils under the Department of Environment
and Natural Resources Management. The land cover dataset is from the National Mapping and Resource
information Authority (NAMRIA). The soil and land cover of the Batang-batang River Basin are shown in
Figure 45 and Figure 46, respectively.
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Figure 45. Soil Map of Batang-batang River Basin.
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)
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Figure 46. Land Cover Map of Batang-batang River Basin.

For Batang-batang, four (4) soil classes were identified. These are clay, clay loam, silt loam and
undifferentiated land. Moreover, seven (7) land cover classes were identified. These are brushlands, built-
up areas, cultivated areas, inland water, open areas, open canopy forests, and tree plantations.
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Figure 48. Stream Delineation Map of Batang-batang River Basin.

Using the SAR-based DEM, the Batang-batang basin was delineated and further subdivided into subbasins.
The model consists of 48 sub basins, 23 reaches, and 21 junctions as shown in Figure 49 (See Annex 10).
The main outlet is labelled as Batonbaton_outlet.



LiDAR Surveys and Flood Mapping of Batang-batang River

Figure 49. Batang-batang river basin model generated in HEC-HMS.

5.4 Cross-section Data
The riverbed cross-sections of the watershed were necessary in the HEC-RAS model setup. The cross-

section data for the HEC-RAS model was derived from the LiDAR DEM data, which was defined using the
Arc GeoRAS tool and was post-processed in ArcGlIS.
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5.5 Flo 2D Model

The automated modelling process allows for the creation of a model with boundaries that are almost
exactly coincidental with that of the catchment area. As such, they have approximately the same land
area and location. The entire area is divided into square grid elements, 10 meter by 10 meter in size. Each
element is assigned a unique grid element number which serves as its identifier, then attributed with
the parameters required for modelling such as x-and y-coordinate of centroid, names of adjacent grid
elements, Manning coefficient of roughness, infiltration, and elevation value. The elements are arranged
spatially to form the model, allowing the software to simulate the flow of water across the grid elements
and in eight directions (north, south, east, west, northeast, northwest, southeast, southwest).

Based on the elevation and flow direction, it is seen that the water will generally flow from the north of
the model to the southeast, following the main channel. As such, boundary elements in those particular
regions of the model are assigned as inflow and outflow elements respectively.

& FLO-20 Grid Developer System Pro )
File View Design Grid Tools Help
D@ }2E) »| # «]elx] O WS [ (s e | T T r

Figure 50. A screenshot of the river sub-catchment with the computational area to be modeled in FLO-2D Grid
Developer System Pro (FLO-2D GDS Pro).

The simulation is then run through FLO-2D GDS Pro. This particular model had a computer run time of
49.64783 hours. After the simulation, FLO-2D Mapper Pro is used to transform the simulation results into
spatial data that shows flood hazard levels, as well as the extent and inundation of the flood. Assigning the
appropriate flood depth and velocity values for Low, Medium, and High creates the following food hazard
map. Most of the default values given by FLO-2D Mapper Pro are used, except for those in the Low hazard
level. For this particular level, the minimum h (Maximum depth) is set at 0.2 m while the minimum vh
(Product of maximum velocity (v) times maximum depth (h)) is set at 0 m2/s.

The creation of a flood hazard map from the model also automatically creates a flow depth map depicting
the maximum amount of inundation for every grid element. The legend used by default in Flo-2D Mapper
is not a good representation of the range of flood inundation values, so a different legend is used for the
layout. In this particular model, the inundated parts cover a maximum land area of 71,875,680.00 m2.

There is a total of 53,948,279.52 m3 of water entering the model. Of this amount, 21,253,123.09 m3 is due
to rainfall while 32,695,156.43 m3 is inflow from other areas outside the model. 7,294,501.50 m3 of this
water is lost to infiltration and interception, while 3,439,606.72m3 is stored by the flood plain. The rest,
amounting up to 43,214,165.81 m3, is outflow.



5.6 HEC-HMS Model Values (Uncalibrated)

Table 28 shows the range of values of the parameters in the model.

Table 28. Range of values for the Batang-batang River Basin.

Hydrologic | Calculation Range of
Element Type b etz LETELTEST Calibrated Values
Initial Abstraction (mm) 2-10
Loss SCS Curve number
) Curve Number 45 -55
Basin
Clark Unit Time of Concentration (hr) 03-3
Transform —
Hydrograph Storage Coefficient (hr) 04-5

Initial abstraction defines the amount of precipitation that must fall before surface runoff. The magnitude
of the outflow hydrograph increases as initial abstraction decreases. The range of values from 2 to 10mm
means that there is minimal amount of infiltration or rainfall interception by vegetation.

Curve number is the estimate of the precipitation excess of soil cover, land use, and antecedent moisture.
The magnitude of the outflow hydrograph increases as curve number increases. The range of 45 to 55 for
curve number is lower than advisable for Philippine watersheds depending on the soil and land cover of

the area (M. Horritt, personal communication, 2012).

Time of concentration and storage coefficient are the travel time and index of temporary storage of runoff
in a watershed. The range of calibrated values from 0.3 hours to 5 hours determines the reaction time of
the model with respect to the rainfall. The peak magnitude of the hydrograph also decreases when these
parameters are increased.




5.7 River Analysis Model Simulation

The HEC-RAS Flood Model produced a simulated water level at every cross-section for every time step for
every flood simulation created. The resulting model will be used in determining the flooded areas within
the model. The simulated model will be an integral part in determining real-time flood inundation extent
of the river after it has been automated and uploaded on the DREAM website. For this publication, only a
sample output map river was to be shown. Figure 51 shows a generated sample map of the Batang-batang
River using the calibrated HMS base flow.

Figure 51. Sample output map of the Batang-batang RAS Model.

5.8 Flood Hazard and Flow Depth Map

The resulting hazard and flow depth maps have a 10m resolution. Figure 52 to Figure 57 show the 5-, 25-,
and 100-year rain return scenarios of the Batang-batang floodplain. The floodplain, with an area of 77.81
sg. km., covers one municipality named Narra. Table 29 shows the percentage of area affected by flooding
per municipality.

Table 29. Municipalities affected in Batang-batang Floodplain

City / Municipality Municipality Total Area | Area Flooded | % Flooded

Palawan Narra 831.19 77.72 9.35
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5.9 Inventory of Areas Exposed to Flooding

Listed below are the affected barangays in the Batang-batang River Basin, grouped accordingly by
municipality. For the said basin, one (1) municipality consisting of six (6) barangays are expected to
experience flooding when subjected to a 5-year rainfall return period.

For the 5-year return period, 6.36% of the municipality of Narra with an area of 831.19 sq. km. will
experience flood levels of less 0.20 meters, while 0.13% of the area will experience flood levels of 0.21
to 0.50 meters; 0.84%, 0.61%, 0.36%, and 0.05% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters respectively. Table 30 depicts the areas
affected in Narra in square kilometers by flood depth per barangay.

Table 30. Affected areas in Narra, Palawan during a 5-Year Rainfall Return Period.

Area of affected barangays in Narra (in sq. km.)
Affected area (sq.km.) :
by flood depth (inm.) | Batang- Bato- Caguisan | Malinao Prlncejss Teresa
Batang Bato Urduja
0.03-0.20 3.53 11.58 4.79 3.15 13.06 16.76
0.21-0.50 1.42 2.26 1.05 0.78 1.7 2.21
0.51-1.00 2.16 1.36 0.76 0.27 0.93 1.49
1.01-2.00 1.72 0.66 0.19 0.04 0.82 1.62
2.01-5.00 1.1 0.1 0.0022 0.00062 0.63 1.14
> 5.00 0.067 0.0001 0 0.00022 0.11 0.27
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Figure 58. Affected areas in Narra, Palawan during a 5-Year Rainfall Return Period.



For the 25-year return period, 6.36% of the municipality of Narra with an area of 831.19 sq. km. will
experience flood levels of less 0.20 meters, while 0.13% of the area will experience flood levels of 0.21
to 0.50 meters; 0.84%, 0.61%, 0.36%, and 0.05% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters respectively. Table 31 depicts the areas
affected in Narra in square kilometers by flood depth per barangay.

Table 31. Affected areas in Narra, Palawan during a 25-Year Rainfall Return Period.

Area of affected barangays in Narra (in sq. km.)
Affected area (sq.km.) :
by flood depth (inm.) | Batang- Bato- Caguisan | Malinao Prlnce‘ss Teresa
Batang Bato Urduja
0.03-0.20 2.53 10.26 4.22 2.81 12.15 15.35
0.21-0.50 1.29 2.72 1.12 0.89 2.03 2.75
0.51-1.00 2.13 1.78 1.01 0.46 1.11 1.36
1.01-2.00 2.58 1 0.44 0.082 0.91 2.08
2.01-5.00 1.36 0.22 0.0084 0.0011 0.92 1.57
> 5.00 0.095 0.0006 0 0.00036 0.15 0.39
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Figure 59. Affected areas in Narra, Palawan during a 25-Year Rainfall Return Period.



For the 100-year return period, 5.25% of the municipality of Narra with an area of 831.19 sq. km. will
experience flood levels of less 0.20 meters, while 1.36% of the area will experience flood levels of 0.21
to 0.50 meters; 1.03%, 0.95%, 0.66%, and 0.10% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters respectively. Table 32 depicts the areas
affected in Narra in square kilometers by flood depth per barangay.

Table 32. Affected areas in Narra, Palawan during a 100-Year Rainfall Return Period.

Area of affected barangays in Narra (in sq. km.)
Affected area (sq.km.) :
by flood depth (inm.) | Batang- Bato- Caguisan | Malinao Prmcejss Teresa
Batang Bato Urduja
0.03-0.20 1.9 9.47 3.78 2.59 11.48 14.39
0.21-0.50 1.16 2.89 1.1 0.94 2.25 2.98
0.51-1.00 1.89 2.12 1.17 0.58 1.28 1.55
1.01-2.00 3.28 1.11 0.72 0.12 0.84 1.79
2.01-5.00 1.64 0.38 0.029 0.0021 1.22 2.24
> 5.00 0.12 0.0014 0 0.00047 0.2 0.54
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Figure 60. Affected areas in Narra, Palawan during a 100-Year Rainfall Return Period.



Among the barangays in the municipality of Narra, Teresa is projected to have the highest percentage of
area that will experience flood levels of at 2.83%. On the other hand, Princesa Urduja posted the percentage
of area that may be affected by flood depths of at 2.08%.

5.10 Flood Validation

In order to check and validate the extent of flooding in different river systems, there is a need to perform
validation survey work. Field personnel gather secondary data regarding flood occurrence in the area
within the major river system in the Philippines.

From the flood depth maps produced by Phil-LiDAR 1 Program, multiple points representing the different
flood depths for different scenarios were identified for validation.

The validation personnel will then go to the specified points identified in a river basin and will gather
data regarding the actual flood level in each location. Data gathering can be done through a local DRRM
office to obtain maps or situation reports about the past flooding events or interview some residents with
knowledge of or have had experienced flooding in a particular area.

The actual data from the field were compared to the simulated data to assess the accuracy of the Flood
Depth Maps produced and to improve on the results of the flood map. The points in the flood map versus
its corresponding validation depths are shown in Figure 62.

The flood validation consists of 105 points randomly selected all over the Batang-Batang flood plain.
Comparing it with the flood depth map of the nearest storm event, the map has an RMSE value of 0.79m.
Table 34 shows a contingency matrix of the comparison. The validation points are found in Annex 11.
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Figure 61. Validation Points for a 25-year Flood Depth Map of the Batang-batang Floodplain.
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Figure 62. Flood map depth vs. actual flood depth

Table 33. Actual Flood Depth versus Simulated Flood Depth at different levels in the Batang-batang River Basin.

Actual Flood Depth Modeled Flood Depth (m)
(m) 0-0.20 | 0.21-0.50 | 0.51-1.00 | 1.01-2.00 | 2.01-5.00 | >5.00 Total
0-0.20 39 18 21 6 3 0 87
0.21-0.50 1 3 1 3 1 0 9
0.51-1.00 1 0 2 3 1 0 7
1.01-2.00 1 0 0 0 1 0 2
2.01-5.00 0 0 0 0 0 0 0
>5.00 0 0 0 0 0 0 0
Total 42 21 24 12 6 0 105

On the whole, the overall accuracy generated by the flood model is estimated at 41.90%, with 44 points
correctly matching the actual flood depths. In addition, there were 24 points estimated one level above and
below the correct flood depths while there were 26 points and 11 points estimated two levels above and
below, and three or more levels above and below the correct flood. A total of 4 points were overestimated
while a total of 3 points were underestimated in the modelled flood depths of Batang-Batang.

Table 35 depicts the summary of the Accuracy Assessment in the Batang-batang River Basin Flood Depth

Map.

Table 34. Summary of Accuracy Assessment in Batang-batang River Basin Survey

No. of Points

%

Correct 9 6.67
Overestimated 37 27.41
Underestimated 89 65.93
Total 135 100
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Annex 1. Optech Technical Specification of the Sensor

1. AQUARIUS SENSOR

Aguarius Sensor Head Laptop Pilot Display

Control Rack Camera Digitizer Camera Cantroller Tablet

Figure A-1.1 Aquarius Sensor



2. PARAMETERS AND SPECIFICATIONS OF THE AQUARIUS SENSOR

Figure A-1.1 Parameters and Technical Specifications of the Aquarius Sensor

Parameter

Specification

Operational altitude

300-600 m AGL

Laser pulse repetition rate 33, 50. 70 kHz
Scan rate 0-70 Hz

Scan half-angle Oto £25°
Laser footprint on water surface 30-60 cm

Depth range

0to>10m (fork<0.1/m)

Topographic mode

Operational altitude

300-2500

Range Capture

Up to 4 range measurements, including 1st, 2nd, 3rd, and
last returns

Intensity capture

12-bit dynamic measurement range

Position and orientation system

POS AVTM 510 (OEM) includes embedded 72-channel GNSS
receiver (GPS and GLONASS)

Data Storage

Ruggedized removable SSD hard disk (SATA I11)

Power

28V,900W, 35A

Image capture

5 MP interline camera (standard); 60 MP full frame (optional)

Full waveform capture

12-bit Optech IWD-2 Intelligent Waveform Digitizer (optional)

Dimensions and weight

Sensor:250 x 430 x 320 mm; 30 kg;
Control rack: 591 x 485 x 578 mm; 53 kg

Operating temperature

0-35°C

Relative humidity

0-95% no-condensing

Relative humidity

0-95% non-condensing




3. PEGASUS SENSOR

Filot Display Senor with Bailt-in Camera Waveform Digitlzer

Laptap Control Kacs

Figure A-1.2 Pegasus Sensor



4. PARAMETERS AND SPECIFICATIONS OF THE PEGASUS SENSOR

Figure A-1.2 Parameters and Technical Specifications of the Pegasus Sensor

Parameter

Specification

Operational envelope (1,2,3,4)

150-5000 m AGL, nominal

Laser wavelength

1064 nm

Horizontal accuracy (2)

1/5,500 x altitude, 1o

Elevation accuracy (2)

<5-20cm, 1o

Effective laser repetition rate

Programmable, 100-500 kHz

Position and orientation system

POS AV ™AP50 (OEM)

Scan width (FOV)

Programmable, 0-75 °

Scan frequency (5)

Programmable, 0-140 Hz (effective)

Sensor scan product

800 maximum

Beam divergence

0.25 mrad (1/e)

Roll compensation

Programmable, £37° (FOV dependent)

Vertical target separation distance

<0.7m

Range capture

Up to 4 range measurements, including 1st, 2nd, 3rd, and
last returns

Intensity capture

Up to 4 intensity returns for each pulse, including last (12 bit)

Image capture

5 MP interline camera (standard); 60 MP full frame (optional)

Full waveform capture

12-bit Optech IWD-2 Intelligent Waveform Digitizer

Data storage

Removable solid state disk SSD (SATA 1)

Power requirements

28V, 800W,30A

Dimensions and weight

Sensor: 630 x 540 x 450 mm; 65 kg;

Control rack: 650 x 590 x 490 mm; 46 kg

Operating Temperature

-10°C to +35°C

Relative humidity

0-95% non-condensing

1. Target reflectivity >20%

2. Dependenton selected operational parameters using nominal FOV of up to 40° in standard

atmospheric conditions with 24-km visibility

3. Angle of incidence <20°

Target size > laser footprint5 Dependent on system configuration
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Annex 2. NAMRIA Certificates of Reference Points Used

1. MRW-18

Ptz of the Philippines:
ool Ervassamanl arad Matural Resooroes

MATIOMAL MAPFING AMD RESOURCE MFORMATION ALUTHORITY

Decambar 11, 2015

CERTIFICATION

To whom Imm
This ks b cartfy that according o Bhe records on filain this offica, ths resguesied sorsey mformsion & & Tolloes -

—
Provinga: DOCIDENTAL MINDORD
Station Mame: MRW-18
Order: 2na
|sland: LLEZOM Barangay.
Municipality: MAGSATSAY MEL Elevation:
PRSI Coarminias
Laothusde: 12° 90" 45.30:483" Longhudec 4234° i 38. 5441 Elipacidal Hgt: 21,2950 m.
WESES Coordinsies
Latide:  12% 18" 40,53383" Longitude: 121% 8" 42 814657 Ellipsoidal Hgt: 713766 m.
PTM / PREGZ Coordinetes
Morthing: 1381517251 m. Esafing:  B1661&.534 m. Zor: 3
LITM  PIRSH2 Cosrdinains
Morthing: 1,364, 734,74 Easfing: 28811308 Zona: 51
Losiicn Description
MAEYY-18
) i of President Raman , ingida tha
From Municpality of tocaled in from of statue mﬂlqu £ ""‘""‘a'ﬂ

Compound, aboul 40 m SE of icipal Bldg. of Magesyaay, Slation is
Mhdn'u.!hrhhI.hu-haa:luira-lh,{g:ﬁtrﬂﬂmr-jmammmtﬁ}thﬁﬂtﬂmiﬂhlﬂrwﬂﬂﬂmm

TARYVY-15, 2007, HAMALAS
Reguesiing Parly:  UP DREAM

Purpoges: Ralaraca
O Mumbsar: ROBBSEAT 1
TH.: 254114
MELMEA LR
Rt | Ll Bobeiis, F it Hissilbie, T0H Ty O Pnlipgimsy Tl M R0 HVRLAND) I
AN By L o S B e i eda Pellopiegy, o b MGY ol 1l e
e Tt www.iamila.gav.gh
oray . R 0 O CERTIRED: RO el PR D GEOERATINL 14 AR MATRDH M SSPMENT

Figure A-2.1 MRW-18
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2.

MRW-22

Piepa bl o th PRE prans
Dapatmcai of Envirormeni aral H il R s
RATIONAL MAPFING AND REZOURCE |INFORMATION ALITHORITY

Wamh Od, 2014

CERTIFICATION

To whem il sy concesn:

This b o costify that sccording to the reconds on file ia this office, the requested suriey informaiion 5 55 follres -

Frovince: DCCIDENTAL MiNDORD
Stalian Mame: MRW.22

island: LLUZON - Barargay: TANYAG
Muricipaity, CALBTAAM
PREIZ Coardimelss
Lafthedar  42% 31" 38, TREE1™ Longiluge: 4120° 557 11464527 Elipscidal Hgt 3512700 m.
WEEES Coovdinalis
Lalituder 127 31° 31 84278 Longilude: 120° 88" 10.63T4" Elipsoidal Hgt  84.27T100 m.
PTH Coordinados
Morthing: 1305214.06 m. Eastrg 498595125 m. i 3
UTM Coardimaos
Merthing:  1.386,663.72 Easing 26128562 Zone: &
Locabon Desoniphan

MR- 22

Froei Albva de 1] ko San Jose, along Matl Road, approx, 8 Km.fram Calintaan Town Propsr, iocated Lumintaa
Erl:l?i ak ] im._ﬂnﬂ Marian, Calinlaan, 0oz Mindaro. Station is locmed af T Woand of the cabwak ol
Limints B ] i the head of a 4 in. copper nail fushed in 8 cemsanl Block embadded in the ground with
inscrphons, "MREW-22, J007, MAMRLA"

Requeshing Fay:  UP-DREAMN

Pl Rofarance
QR Mumiber ETa54T0 A
TH. H014-446

ulllulill'lf.'lll'lJI

Wby 1AE:
O v?-l[-l') W - Lwton Breant, B boarfeds, |nid Togeg Gy, Pullppinm 16l B RIS G40 1
e Bimidh: €11 Darvwn 5. Som Mirmkcn, 1010 Mimsile, Mhillip ey, Sl Ne [RI7 MI-3H 0 0
el —— W, T g3k

| e

oM

Figure A-2.2 MRW-22
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3. MRE-56

NATIOHAL MAPPING AND RESOURCE INFORMATION AUTHORITY

Ochober 35, 2045

CERTIFICATION

Towmam il My COncem:
This is bocadily Bhal gexonding o the reconds on fie in this ofice, the requestad sursey INformadon is as Tollows -

Provinoa; ORIENTAL MINDO RO
Siation Mame MRESE
Drdar; 2
Islanid. LUZON Barargay:
Kyricipainy; BANSALAY MESL Brvariion:
PRES2 Coaminates
Latitude:  12° 31° 25.7E362" Longiteda: 1212 28' 28211007 Elipzaidal I-I’: TETDO0 i
WOERd Conrdinales
Latiide  132° 31° 20.87625% Longieda; 1Z1° 26 3028143 Elipsoidal Hg 5813608 .
PTM ! PRS52 Coovdinates
Horhing: 13B401E66T m. Eagiing:  S4FRET.HE m. Fonm 3
LITM F PRESZ Cooweiviafes
H-I‘.'I'I'hrlq 1,384, 592 31 Eariing: 338, 830,08 Zome 4]
Locadion Descriphon
MR E -5
Firem L‘-Hrmhh‘nmuﬂm Huﬂﬁn-u:lnmm:i.-l-ﬁm mm.ﬁmm.ﬂnlm-ﬂfﬁjxﬂ:
Mansaty, Eﬂ: 4 K, trangsl, night side of Matl Road kecated Mun, Hal
wm h"b.n"l'm-luf Muﬁﬂmhmhmwm-ﬂium P:-tmfmnt:i
Bl Mark i the head of 2 4 in. coppar sl fus hied in & coment bod embedded n e ground with

nscriiors, "MRE-56, SH T, MAMRLA®
Repassing Farty:  ENGR. CHRISTOPHER CRUZE

Purpos Referancs
O Msnber: BOBL4TZ |
TN 2015-3823

[NVERRAATA MO

A, OF R
G P Slaw  Lser v, Fo ieeatania. RS Lageig D0y Pilgiree el M U PR e i
48 S dl Perea . Sae e, R RS PrEgT e Tl M O] AL
-r-\.""';u: = eitl] swwaam g v gk
ke okl 5] K0 A CERTIFED FOR MR ol CETEPT AL MR Mt

Figure A-2.3 MRE-56
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4. MRW-4203

Rarebi: ol tbe Pldppnes
Dapadienl of Ervronment and Kalera | Resouoes
HATIONAL MAPPING AND RESOURCE INFORMATION AL THOEITY

March 25, 2014

CERTIFICATION

T whsdit il ey concern:
This is o carify that socording o the recands an file in this office. thie reuestad survey inlormation i5 a5 Tolows -

Prowvince GCCIDENTAL MENOORO
Station Mame MREW-4303
Ceder: Ard
Istand: LUZON Harangsy: MAPAYSA
Municipalty: S&M JOSE
FREQNT Coordénatos
Latiucer 12" 21" 24.45284" Longitude: 129% 7' 26.52407 Elipsaidal Hgt 740100 m,
WESR Coorninatos
Latituder  12° 21" 1957073 Longiude:  129% 7 32.01059" Elipsoidal Hgt 5732000 m,
PTM Coordimates
Morhing: 1368404003 m. Easting:  513501.248 m. 2o 3
) LUTM Coordinates
Marthing: 1,388/637.32 Ensgling. 29603279 Zon e |
Lecation Deacrpbon

MW= 205

Frem San Jose Town Proper ta Brgy, Mapaga, Spone. ?ﬂMt:uHmm:n hall The station ks Iocabed
I'mﬂﬂ'rmwurldﬂbm HEL.%HI:EHEB mtmunhmhl:ﬂslul:ml 40 m ME al brgy, hal,
2040 WY of past Km. post 228, ?:lgﬂmlﬁm K. LnSanJ-:-z Station is kcatad in Brgy. Ma
Jase, Do, I.llrm-rcr Hai:mneh Ti-“n mnpunaiﬂummm:mmmgmuun&mn rTnG Uit

E’

FRequestng Party:  UP DREAM

Pupasa: Ralarapcs
OF Mumnber; BF9SEI0 A
T.M: 2014-843

!II!JJiI1411-.u1l
Falbiips O RS

P LA s S B, HOM Taguey Sy, Plpgisps Tl Fug.: p22000 B0 a1
Bt o Bawied B S Micskia, 1 0 oy | Fuippesy, Vol Mg 55 -t o

WEW.nAnrS.gav.ph

GUEE! 3008 CERTIRED: FOF IN8F PG LMD SEDERATA,. BFIFAATION MBS CEMEMT

Figure A-2.4 MRW-4203
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MRW-4205

E
-
:
|

AND RESOURCE INFORMATION ALITHORITY

Mlaach 04, 2014

CERTIFICATION

To whom it may concern:
This s 80 cardify that according to e recands an file i this affica, the regussted survey information is &5 folloes -

Province: GCCIDENTAL MNDORD
Stalian Name MEW-4306
Cwrir drd

|slang: LLUEOMN Earargay. CENTRAL

Mumicipaligy: SAN JOSE
PRE52 Coordinaies

Lafbadea: 13° 3" BI3I064 Longrhads: 134° F 466278 Elipsoidal Hgt 1258800 m.
WIS Coorainatas

Lafbeds: 12° 34" 344002 Longibeds:  131° & §1.F0TEE= Ellp=oidal Hgt 208500 m),
PTH Coordirnales

Martharsy: 1376124 m, Easting: 506032128 m. i 3
UTH Coovdinates

Marthersg: 1,375,422 19 Easting: 287, E37.TE ey o 51
Lccaion Descrpbion

MRS -2 08

From abra de llog o0 San Jose, along Nat| Foad, 10 Em, travsd fram 5meT|;u11Frw TamE

K. 247 lecahed Mabihay Homea EB&H.IE-EE‘E D!nl!rthedH-land hluh'rhnnﬁl-dg Em- C-cnl:rll
St , Zan Josa, Opz, Mindoro., Stafton &= Incated basida ferca, 2.0 m SW of SEo Mabiing it Bz
EEEDEHMH’HHHHLHMHMM Poal, 40 m ME of Mall Road, 70 m E of K. past 247 Mark u-lhu head of a 4
in. copper nal flushed in a cement biock embedded in the ground with inscripiions, "MEW-4205, 2007 MAMRLA"

Reguesting Farty: LWP-DIREAM

Puposes: Reference
OF Muivibead BTRSETO A
TH.: 20 -y

ﬂlllIIJI1H1II"lI

AL D TTHE

Batn: Lewiea v, Forl Bnalfudc, 1038 h*l’.ﬁ'h Il Ba: ETRIESED0 fm E1
Bomeh; 31 Barvmn U Gem Binakes, | B0 Panily, Millipoinm. el S JATH 1S B
warw.roTriagaegh

Figure A-2.5 MRW-4205
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Annex 3. Baseline Processing Report of Reference Points Used

Profec] informsation Caandinals System
Fame. C U a0 seumenl B utinaes Mame LT

Canier - BIEWmra1E-mrwl Bavse Dl PRS B2
e e Zora: 51 Morth (1235
Miedifed THZAAI01E 2:55 48 P M JUTE =) ek EGMEH
Tims zunm TaipM Shandarg Tima Verlical daian
Foabarance noambes.
[epcripian:

Bassaline Processing Report
Precassing Sumimary
Cibsmryabion Fram To Solufion Typs || M. Frec. W.Prec. | Geodebic | Elipsosd | SMeight
[Mudar) {Matwr) e Dist. i| kgt
| Miter
NRW-AE - MR- INRW-1E IhF.'l'l'-1Bl Fluad 0.0 0.062) 31 4Ehes G.0565 0554
183 [B1)
Accapiance Summany
Procevesd Fazend Fag [P Fai L
1 i a o
MRW-18 - MEW-18a (6:38:43 AM-10:4.1:45 A0 (51)

[ansbrs chesrsmann: R — MR B (B
Preead iud: 1SR E 10047 PR
Solbion type:; Framd
Fraguancy idd Cual Fregaancy (L1, L&
Horronial precision: 0504 m
Vartital prad e 05002 ™
S 0 200 =
Mo POOP: 2835
[phw=ars usad: fircadcast
Arlaffd esdial HES5 Absoliln
Precessing start tma; 12 25 & &85 AM (L ocat LITE e
Prreszid gifeg sbap S 12H 204 B 108145 aM | Local: WTC+3hry
Precessing durmtion: (TR BT
Preszd sifeg inbaneal: 1 second

Figure A-3.1 Baseline Processing Report - A




Wactor Componants (Mark ks Mark)

Fram: MEW-18

Garkdl Lecal Cilozal
Easfing 259111 805 m Lstiuds MAZ27984E0 2154E)° Laliuds MA2718°40 53381
horing 1381 734745 m Lengibuds E131"0a5E #ld44d” Longiude EdZ "Gaa'42 5 e
Elewalan 20 THT m Hedght 21285 m Height F1.3T&m
To: HFEVW-10a

el Legail O pdzaal
faxting SR 108 m Latiuce M IS SR Latituce M D S TRS
Herming 1281 735241 m Lengibuds EA1Z1" 0890, 7a504" Lamg ik E1Z1 "4 S5h2E"
fiwamtan #1348 m Hsight #1 4S m Hasight Frazsm
Weckor
|AE mslirg -4 T80 m NE Fesel Azisith JA27AE54" AX 4 FE m
AN arthing d4.206 = Elipesid Dist, B.558 = &Y FRETN,
LAE besd o 055 m AHeight 055 m AT 44T m
Slardand Ermars
Waelar aimers
T 3% anting S00a m o NS fad Aximath LR R conam
o AMaithieg 2000 m o Elipsosd Dl 200D m o &Y 2001 m
Ak ey ene L0m mooaHaght 0o m ool L0na m

Apcatamer Covarance Matris (Mabse)

X b z
X 0.0annoEI1R
1. D20 0IA0 51 S 0D DE420
b -3.00000005 TR S.00Maanian T ENnny g

Figure A-3.2 Baseline Processing Report - B



Annex 4. The LiDAR Survey Team Composition

Figure A-4.1 LiDAR Survey Team Composition

Data Acquisition

LiDAR Operation

Component Designation Name Agency / Affiliation
Sub -Team

PHIL-LIDAR 1 Program Leader ENRICO C. PARINGIT, D.ENG UP-TCAGP
Data Acquisition Data Component ENGR. CZAR JAKIRI UP-TCAGP
Component Leader Project Leader — | SARMIENTO

Chief Science Research

Specialist (CSRS) ENGR. CHRISTOPHER CRUZ UP-TCAGP
SUrVEy SUperViSOf Supervising Science LOVELY GRACIA ACUNA UP-TCAGP

Research Specialist

(Supervising SRS) LOVELYN ASUNCION UP-TCAGP
FIELD TEAM

Senior Science

Research Specialist PAULINE JOANNE ARCEO UP-TACGP

(SSRS)

Research Associate (RA) | PATRICIA YSABEL ALCANTARA | UP-TCAGP
LiDAR Operation ENGR. LARAH KRISELLE

RA PARAGAS UP-TCAGP

RA ENGR. MILLIE SHANE REYES UP-TCAGP

RA GRACE SINADJAN UP-TCAGP
Ground Survey, RA ENGR. FRANK NICOLAS ILEJAY | UP-TCAGP
Data Download and
Transfer RA GRACE SINADJAN UP-TCAGP

SSG. ERIC CACANINDIN ES:RLC”;P(IIL\,IAEFflR
Airborne Security
SSG. BENJAMIN CARBOLLEDO | PAF

Pilot

ASIAN AEROSPACE

CAPT. JEFFREY JEREMY ALAAR | CORPORATION
(AAC)

CAPT. JACKSON JAVIER AAC

CAPT. SHERWIN ALFONSO Il AAC

CAPT. JUSTINE JOYA AAC
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Annex 7. Flight Status

FLIGHT STATUS REPORT
Batang-batang FLOODPLAIN
February 28-March 3, 2014; December 11-12, 2015

Table A-7.1 Flight Status Report

FLIGHT NO AREA MISSION OPERATOR | DATE FLOWN REMARKS
L. .
1158A BLK29A 3BLK29A59B ASUNCION 28-Feb-14 Covered 10 lines.
1160A BLK29C 3BLK29C60A L. PARAGAS 01-Mar-14 Mission completed.
Mission completed.
BLK29A & L. Continuation of BLK29A
1162A 29D 3BLK29AS+DV60B ASUNCION 01-Mar-14 and covered voids in
BLK29D.
BLK29N & Mission completed.
1164A 3BLK29N+B61A L. PARAGAS 02-Mar-14 Covered lines 10 and 11
29B
of BLK29B.
L. Covered gap in line 10
1166A BLK29B 3BLK29B61B ASUNCION 02-Mar-14 from the morning flight.
BLK298B, 3BLK29BS+
1168A 29A, 29D, AB+DB+CV+ L. PARAGAS 03-Mar-14 Mission completed.
29C & 29K KV62B
BLK 29N,
3078P | 29Q, 29R | 1BLK29NQRS345A | P.ARCEO | 11-Dec-15 | SUrveyed BLK23N,Q,R
&S.
& 29S.
G.
3082P BLK 29R 1BLK29R346A SINADJAN 12-Dec-15 Surveyed BLK29R.




LAS/SWATH BOUNDARIES PER MISSION FLIGHT

FLIGHT LOG NO. 1158A

AREA: BLK29A

MISSION NAME: 3BLK29A59B

PARAMETERS: Alt: 550 Scan Freq: 40 kHz Scan Angle: 18 deg
SURVEY COVERAGE:

Figure A-7.1 Swath for Flight No. 1158A



FLIGHT LOG NO. 1160A

AREA: BLK29C

MISSION NAME: 3BLK29C60A

PARAMETERS: Alt: 650 Scan Freq: 40 kHz Scan Angle: 18 deg
SURVEY COVERAGE:

Figure A-7.2 Swath for Flight No. 1160A



FLIGHT LOG NO. 1162A

AREA: BLK29A AND BLK29D

MISSION NAME: 3BLK29AS+DV60B

PARAMETERS: Alt: 600 Scan Freq: 40 kHz Scan Angle: 18 deg
SURVEY COVERAGE:

Figure A-7.3 Swath for Flight No. 1162A



FLIGHT LOG NO. 1164A

AREA: BLK29N AND BLK29B

MISSION NAME: 3BLK29N+B61A

PARAMETERS: Alt: 600 Scan Freq: 40 kHz Scan Angle: 18 deg
SURVEY COVERAGE:

Figure A-7.4 Swath for Flight No. 1164A



FLIGHT LOG NO. 1166A

AREA: BLK29B

MISSION NAME: 3BLK29B61B

PARAMETERS: Alt: 600 Scan Freq: 40 kHz Scan Angle: 18 deg
SURVEY COVERAGE:

[ T (R R T

Figure A-7.5 Swath for Flight No. 1166A



FLIGHT LOG NO. 1168A

AREA: BLK29B, BLK29A, BLK29D, BLK29C AND BLK29K

MISSION NAME: 3BLK29BS+AB+DB+CV+KV62B

PARAMETERS: Alt: 550 Scan Freq: 40 kHz Scan Angle: 18 deg
SURVEY COVERAGE:

“Sablayan

ey N
Calintaan >

II
L]

I:-lE. an Jo _1 £ y 3 |
IMagsaysay

ar ke e plel slamd

Figure A-7.6 Swath for Flight No. 1168A




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

FLIGHT NO.: 3078P

AREA: BLK29N, BLK29Q, BLK29R & BLK29S

MISSION NAME: 1BLK29NQRS345A

PARAMETERS: Alt: 850 m Scan Freq: 32 Scan Angle: 25
SURVEY COVERAGE:

=Rizal

Temploils and

Figure A-7.7 Swath for Flight No. 3078P
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FLIGHT NO.: 3082pP

AREA: BLK29R

MISSION NAME: 1BLK29R346A

PARAMETERS: Alt: 1100 m Scan Freq: 30 Scan Angle: 25
SURVEY COVERAGE:

MNVagsaysay

= L

llemplotlisiana’

Figure A-7.8 Swath for Flight No. 3082P



Annex 8. Mission Summary Reports

Table A-8.1 Mission Summary Report for BIk29A

Flight Area Davao Oriental
Mission Name BIk29A
Inclusive Flights 1158A. 1162A, 1168A
Range data size 29.98 GB
POS 677 MB
Image 72.6 GB
Transfer date 04/23/2014
Solution Status
Number of Satellites (>6) No
PDOP (<3) Yes
Baseline Length (<30km) Yes
Processing Mode (<=1) No
Smoothed Performance Metrics (in cm)
RMSE for North Position (<4.0 cm) 1.2
RMSE for East Position (<4.0 cm) 2.1
RMSE for Down Position (<8.0 cm) 4.4
Boresight correction stdev (<0.001deg) 0.000443
IMU attitude correction stdev (<0.001deg) 0.002081
GPS position stdev (<0.01m) 0.0294
Minimum % overlap (>25) 43.28%
Ave point cloud density per sq.m. (>2.0) 2.76
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 194
Maximum Height 165.41m
Minimum Height 43.10 m
Classification (# of points)
Ground 104,722,532
Low vegetation 130,224,088
Medium vegetation 60,206,940
High vegetation 16,625,237
Building 4,886,963
Orthophoto Yes

Processed by

Engr. Carlyn Ann Ibafiez, Engr.
Harmond Santos, Engr. Gladys Mae
Apat
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Figure A-8.2. Smoothed Performance Metric Parameters
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Figure A-8.4. Coverage of LiDAR data
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Figure A-8.6. Density map of merged LiDAR data
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Figure A-8.7. Elevation difference between flight lines
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Table A-8.2 Mission Summary Report for BIk29B

Flight Area Davao Oriental
Mission Name Blk29B
Inclusive Flights 1164A. 1166A, 1168A
Range data size 38.4 GB
POS 791 MB
Image 22.5GB
Transfer date 04/23/2014
Solution Status
Number of Satellites (>6) Yes
PDOP (<3) Yes
Baseline Length (<30km) No
Processing Mode (<=1) Yes
Smoothed Performance Metrics (in cm)
RMSE for North Position (<4.0 cm) 1.3
RMSE for East Position (<4.0 cm) 1.6
RMSE for Down Position (<8.0 cm) 3.8
Boresight correction stdev (<0.001deg) 0.000629
IMU attitude correction stdev (<0.001deg) 0.002510
GPS position stdev (<0.01m) 0.0158
Minimum % overlap (>25) 43.01%
Ave point cloud density per sq.m. (>2.0) 3.09
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 197
Maximum Height 258.38 m
Minimum Height 46.77 m

Classification (# of points)

Ground 115,311,089
Low vegetation 138,979,099
Medium vegetation 95,318,939
High vegetation 30,819,969
Building 2,104,153
Orthophoto Yes

Processed by

Ma. Victoria Rejuso, Engr. Harmond
Santos, Engr. John Dill Macapagal
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Figure A-8.11. Coverage of LiDAR data
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Figure A-8.12. Image of data overlap
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Figure A-8.13. Density map of merged LiDAR data
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Figure A-8.14. Elevation difference between flight lines
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Table A-8.3 Mission Summary Report for BIk29C

Flight Area Davao Oriental
Mission Name Blk29C
Inclusive Flights 1160A
Range data size 14.1 GB
POS 268 MB
Image 13.5GB
Transfer date 04/23/2014
Solution Status
Number of Satellites (>6) No
PDOP (<3) No
Baseline Length (<30km) Yes
Processing Mode (<=1) Yes
Smoothed Performance Metrics (in cm)

RMSE for North Position (<4.0 cm) 4.8
RMSE for East Position (<4.0 cm) 2.2
RMSE for Down Position (<8.0 cm) 5.1
Boresight correction stdev (<0.001deg) 0.000373
IMU attitude correction stdev (<0.001deg) 0.001768

GPS position stdev (<0.01m) 0.0032
Minimum % overlap (>25) 44.16%
Ave point cloud density per sq.m. (>2.0) 3.59
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 143
Maximum Height 481.99 m
Minimum Height 51.54 m

Classification (# of points)

Ground 109,156,938
Low vegetation 80,757,959
Medium vegetation 73,247,510
High vegetation 71,877,948
Building 1,281,773
Orthophoto Yes

Processed by

Engr. Irish Cortez, Engr. Harmond
Santos, Ailyn Bifias
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Figure A-8.18. Coverage of LiDAR data
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Figure A-8.20. Density map of merged LiDAR data
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Figure A-8.21. Elevation difference between flight lines
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Table A-8.4 Mission Summary Report for BIk29A_additional

Flight Area

Davao Oriental

Mission Name

BIk29A_additional

Inclusive Flights 3078P
Range data size 6.2GB
POS 167MB
Image 12.9MB

Transfer date

January 15, 2016

Solution Status

Number of Satellites (>6) Yes
PDOP (<3) Yes
Baseline Length (<30km) No
Processing Mode (<=1) No
Smoothed Performance Metrics (in cm)
RMSE for North Position (<4.0 cm) 1.01
RMSE for East Position (<4.0 cm) 1.16
RMSE for Down Position (<8.0 cm) 4.25
Boresight correction stdev (<0.001deg) 0.359804
IMU attitude correction stdev (<0.001deg) 0.083211
GPS position stdev (<0.01m) 0.0024
Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 40
Maximum Height 231.12m
Minimum Height 50.50 m
Classification (# of points)
Ground 15,453,565
Low vegetation 10,246,556
Medium vegetation 13,004,794
High vegetation 17,341,456
Building 271,742
Orthophoto Yes

Processed by

Engr. Abigail Ching, Engr. Harmond
Santos, Engr. Melissa Fernandez




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

1wl I | N S L

[- 1 I ‘H_e ....... ﬂ
8-l 1. : -

] 8 i
' " '
7 [ —— | O FE I | L S e e o o o oy e e || .
B ] b
[ " [

i

436,000 437,000 438,000 435,000 440,000
Time (3ec)
| —— Number of GPS Satelites PDOP —— Processing mode |

|0 =Fixed NL, 1 = Fored WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8=DR |

Figure A-8.22. Solution Status

0.045 -
0.04 -
0.035 -
0.03 1
0.025 -
0.02 -
0.015 -

0.01 4

0.005 -

436, 000 437,000 438,000 439,000 440,000
Time (sec)

Morth Position Error RMS {m) East Poszition Error RMS (m)

Figure A-8.23. Smoothed Performance Metric Parameters
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Figure A-8.25. Coverage of LiDAR data
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Figure A-8.26. Image of data overlap
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Figure A-8.27. Density map of merged LiDAR data
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Figure A-8.28. Elevation difference between flight lines
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Table A-8.5 Mission Summary Report for BIk29B_additional

Flight Area

Davao Oriental

Mission Name

BIk29B_additional

Inclusive Flights 3078P
Range data size 6.2GB
Base data size 7.02MB
POS 167MB
Image 12.9MB

Transfer date

January 15, 2016

Solution Status

Number of Satellites (>6) Yes
PDOP (<3) Yes
Baseline Length (<30km) No
Processing Mode (<=1) No
Smoothed Performance Metrics (in cm)
RMSE for North Position (<4.0 cm) 1.01
RMSE for East Position (<4.0 cm) 1.16
RMSE for Down Position (<8.0 cm) 4.25
Boresight correction stdev (<0.001deg) 0.359804
IMU attitude correction stdev (<0.001deg) 0.083211
GPS position stdev (<0.01m) 0.0024
Minimum % overlap (>25) 17.73%
Ave point cloud density per sq.m. (>2.0) 1.81
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 18
Maximum Height 322.24 m
Minimum Height 53.37m
Classification (# of points)
Ground 13,137,914
Low vegetation 6,256,653
Medium vegetation 4,588,390
High vegetation 8,091,371
Building 187,119
Orthophoto Yes

Processed by

Engr. Abigail Ching, Engr. Harmond
Santos, Engr. Melissa Fernandez
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Figure A-8.31. Best Estimated Trajectory

Figure A-8.32. Coverage of LiDAR data
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Figure A-8.33. Image of data overlap

Figure A-8.34. Density map of merged LiDAR data
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Figure A-8.35. Elevation difference between flight lines
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Table A-8.6 Mission Summary Report for BIk29C_additional

Flight Area

Davao Oriental

Mission Name

BIk29C_additional

Inclusive Flights

3078P, 3082P

Range data size 15.42GB
POS 341MB
Image 26MB

Transfer date

January 15, 2016

Solution Status

Number of Satellites (>6) Yes

PDOP (<3) Yes

Baseline Length (<30km) Yes

Processing Mode (<=1) Yes
Smoothed Performance Metrics (in cm)

RMSE for North Position (<4.0 cm) 0.79
RMSE for East Position (<4.0 cm) 0.78
RMSE for Down Position (<8.0 cm) 1.67
Boresight correction stdev (<0.001deg) 0.359804

IMU attitude correction stdev (<0.001deg) 0.083211
GPS position stdev (<0.01m) 0.0024
Minimum % overlap (>25) 40.31
Ave point cloud density per sq.m. (>2.0) 2.10
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 108
Maximum Height 521.55m
Minimum Height 51.07 m
Classification (# of points)
Ground 132,379,761
Low vegetation 125,752,184
Medium vegetation 199,077,351
High vegetation 599,574,573
Building 15,255,571
Orthophoto Yes

Processed by

Engr. Abigail Ching, Engr. Harmond
Santos, Kathryn Claudyn Zarate
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Figure A-8.36. Solution Status
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Figure A-8.37. Smoothed Performance Metric Parameters



LiDAR Surveys and Flood Mapping of Batang-batang River
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Figure A-8.39. Coverage of LiDAR data
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

REETE

Figure A-8.40. Image of data overlap
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Figure A-8.41. Density map of merged LiDAR data
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LiDAR Surveys and Flood Mapping of Batang-batang River
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Figure A-8.42. Elevation difference between flight lines
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Annex 11. Batang-batang Field Validation Data

Table A-11.1 Batang-batang Field Validation Data

. Validation Coordinates L. Rain
Point Model | Validation
. Error Event/Date Return /
Number Var (m) [ Points (m) .
Lat Long Scenario
1 12.2677593 | 121.139577 | 0.052 0.00 -0.05 25-Year
2 |12.26808239 | 121.1359749 | 0.096 0.00 -0.10 25-Year
3 [12.26811462 | 121.1353353 | 0.042 0.00 -0.04 25-Year
4 |12.26817205 | 121.1348946 | 0.056 0.00 -0.06 25-Year
5 12.2683501 | 121.1396667 | 0.178 0.00 -0.18 25-Year
6 |12.26855913 | 121.139096 | 0.067 0.00 -0.07 25-Year
7 | 12.26867158 | 121.1358332 | 0.056 0.00 -0.06 25-Year
8 12.2687375 | 121.1369316 | 0.097 0.00 -0.10 25-Year
9 | 12.26890997 | 121.1370532 | 0.06 0.00 -0.06 25-Year
10 | 12.26898759 | 121.136709 | 0.072 0.00 -0.07 25-Year
11 | 12.26906449 | 121.1348371 | 0.078 0.00 -0.08 25-Year
12 |12.26918658 | 121.1388668 | 0.119 0.00 0.12 25-Year
13 |12.26918873 | 121.1377438 | 0.138 0.00 -0.14 25-Year
14 | 12.26942876 | 121.1364042 | 0.162 0.00 -0.16 25-Year
15 | 12.26947415 | 121.1384567 | 0.247 0.00 -0.25 25-Year
16 | 12.26948678 | 121.1375942 | 0.278 0.00 -0.28 25-Year
17 | 12.26983985 | 121.1342523 | 0.202 0.00 -0.20 25-Year
18 | 12.26990337 | 121.1332585 | 0.074 0.00 -0.07 25-Year
19 | 12.27053581 | 121.1343376 | 0.293 0.00 -0.29 25-Year
20 |[12.27085968 | 121.1369329 | 0.081 0.30 0.22 25-Year
21 | 12.27101084 | 121.1333797 | 0.036 0.00 -0.04 R“bzyo/lfec' 25-Year
22 | 12.27107064 | 121.1403548 | 0.035 0.60 0.57 25-Year
23 [12.27104627 | 121.1365413 | 0.268 0.60 0.33 R“bzyo/lfec' 25-Year
24 |12.27130712 | 121.1420051 | 0.056 0.60 0.54 R”bzyo/lfec' 25-Year
25 |12.27148638 | 121.1399971 | 0.067 0.90 0.83 R”bzyo/lfec' 25-Year
Ruby / Dec.
26 | 12.27155569 | 121.140664 | 0.032 0.60 0.57 i 25-Year
Ruby / Dec.

27 |12.27181344 | 121.1391873 | 0.03 0.60 0.57 i 25-Year
28 | 12.27181687 | 121.1327829 | 0.061 0.00 -0.06 R”bzyo/lfec' 25-Year
29 | 12.27199171 | 121.1365596 | 0.094 0.60 0.51 25-Year
30 | 12.27237603 | 121.1318774 | 0.077 0.00 -0.08 R“bzyo/lfec' 25-Year
31 [12.27389698 | 121.1320439 | 0.03 0.50 0.47 25-Year
32 |12.27420119 | 121.1246051 | 0.216 1.00 0.78 R“bzyo/lfec' 25-Year




. Validation Coordinates L. Rain
Point Model | Validation

. Error Event/Date Return /

Number Var (m) [ Points (m) .

Lat Long Scenario

33 12.280456 | 121.140142 | 0.03 0.40 0.37 R“bzyo/lfec' 25-Year

34 12.280598 | 121.140319 | 0.03 0.35 0.32 O”d%égsept' 25-Year

35 12.2815 121.1406 0.199 0.24 0.04 Y°'a”2%aléN°V' 25-Year

36 12.2824 | 121.141125 | 0.03 0.42 0.39 G'enfgl/:”'y' 25-Year
Nona / Dec.

37 12.2826 121.1413 0.031 0.77 0.74 SO1s 25-Year

38 12.28291 | 121.14136 | 0.268 0.50 0.23 Y°'a”2%alé'\'°"' 25-Year

39 12.283027 | 121.142358 | 0.03 0.30 0.27 Y°'a”2%aléN°V' 25-Year

40 |12.28324598 | 121.1163547 | 0.03 0.30 0.27 Y°'a”2%aléN°"' 25-Year
Ruby / Dec.

41 |12.28343378 | 121.1168896 | 0.03 0.00 -0.03 i 25-Year

42 |12.28369153 | 121.1183253 | 0.03 0.00 -0.03 25-Year

43 |12.28385491 | 121.1165601 | 0.03 0.30 0.27 25-Year

44 12.283971 | 121.115485 | 0.037 0.30 0.26 R”bzyo/lfec' 25-Year
Ruby / Dec.

45 | 12.28404456 | 121.1149475 | 0.03 0.00 -0.03 i 25-Year

46 12.2841044 | 121.1177292 | 0.056 0.30 0.244 25-Year

47 |12.28436415 | 121.1161775 | 0.03 0.60 0.57 R“bzyo/lfec' 25-Year

48 | 12.28454404 | 121.1174499 | 0.034 0.00 -0.034 R“bzyo/lfec' 25-Year

49 | 12.28454459 | 121.1145975 | 0.075 0.00 -0.075 25-Year

50 | 12.28473556 | 121.1142957 | 0.054 0.00 -0.054 25-Year

51 | 12.28501068 | 121.1148755 | 0.038 0.00 -0.038 25-Year

52 |12.28521985 | 121.1413016 | 0.03 0.90 0.87 25-Year

53 12.2852526 | 121.1149556 | 0.044 0.00 -0.044 Franzko/og“”e' 25-Year

54 |12.28541714 | 121.1146135 | 0.03 0.60 0.57 25-Year

55 |12.28570751 | 121.1145189 | 0.049 0.70 0.651 R“bzyo/lfec' 25-Year
Ruby / Dec.

56 | 12.28584209 | 121.1142662 | 0.031 1.00 0.969 i 25-Year
Ruby / Dec.

57 |12.28588312 | 121.1161351 | 0.048 0.30 0.252 oia 25-Year
Ruby / Dec.

58 | 12.28590879 | 121.1146586 | 0.03 0.90 0.87 i 25-Year
Ruby / Dec.

59 | 12.28605087 | 121.1137754 | 0.054 1.00 0.946 25-Year

2014




. Validation Coordinates L. Rain
Point Model | Validation
. Error Event/Date Return /
Number Var (m) [ Points (m) .
Lat Long Scenario
60 |12.28619179 | 121.1143164 | 0.037 1.00 0.963 R“bzyo/lfec' 25-Year
61 12286413 | 121.113646 | 0.03 0.70 0.67 R“bzyo/lfec' 25-Year
62 |12.28662187 | 121.1137243 | 0.03 1.00 0.97 Y°'a”2%aléN°V' 25-Year
63 |12.28713632 | 121.14006 0.03 0.00 -0.03 R”bzyo/lfec' 25-Year
64 |12.28713758 | 121.1152344 | 0.03 0.00 -0.03 25-Year
65 12.2874 121.1118 0.03 0.40 0.37 25-Year
66 12.287451 | 121.106806 | 0.123 1.30 1.177 Yo'a”Z%aléNo"' 25-Year
67 | 12.287451 | 121.106806 | 0.123 0.56 0.437 Y°'a”2%aléN°"' 25-Year
68 12287712 | 121.110859 | 0.033 0.10 0.067 R“bzyo/lfec' 25-Year
69 12.2877 121.1076 | 0.149 0.77 0.621 R“bzyo/lfec' 25-Year
Glenda / July,
70 12.288088 | 121.107628 | 0.343 1.00 0.657 o 25-Year
71 12.288137 | 121.109273 | 0.259 0.85 0.591 R”bzyo/lfec' 25-Year
72 12.2881785 | 121.1140012 | 0.03 0.00 -0.03 Aug.2015 | 25-Year
73 12.288228 | 121.108309 | 0.363 0.95 0.587 25-Year
74 | 12.28826257 | 121.1078895 | 0.286 1.30 1.014 Y°'a”2%aléN°"' 25-Year
Ruby / Dec.

75 | 12.28846631 | 121.1084624 | 0.296 1.30 1.004 i 25-Year
76 12.288522 | 121.1095252 | 0.111 1.30 1.189 R“bzyo/lfec' 25-Year
77 12.2888 121.1101 0.03 0.7 0.67 R“bzyo/lfec' 25-Year
78 | 12.29604087 | 121.1485593 | 1.32 0.9 042 | Undang/1984 | 25-Year
79 | 12.29769703 | 121.1368933 | 0.03 0 -0.03 Ma”z"o/lie"t' 25-Year
80 |12.29790457 | 121.1465242 | 0.03 0 -0.03 25-Year
81 |12.30016443 | 121.1466252 | 0.031 0 -0.031 25-Year
82 |12.30080732 | 121.1466362 | 0.03 0 -0.03 25-Year
83 | 12.30216259 | 121.1493133 | 0.037 0 -0.037 25-Year
84 |12.30300969 | 121.151692 | 0.858 0.9 0.042 25-Year
85 |12.30471438 | 121.1514492 | 0.03 0 -0.03 Ma”zc’o/lze"’t' 25-Year
86 |12.30694932 | 121.1511363 | 0.03 0 -0.03 25-Year
87 |12.30704819 | 121.138254 | 0.03 0 -0.03 25-Year
88 |12.30837591 | 121.1497059 | 0.03 0 -0.03 25-Year




. Validation Coordinates L. Rain
Point Model | Validation

Number Var (m) | Points (m) Error Event/Date Return./
Lat Long Scenario

89 12.30836425 | 121.1429956 0.03 0 -0.03 25-Year
90 12.3083822 | 121.1356902 0.03 0 -0.03 25-Year
91 12.30873982 | 121.1426897 | 0.036 0 -0.036 25-Year
92 12.30887093 | 121.1437328 | 0.031 0 -0.031 25-Year
93 12.30920466 | 121.1340459 0.03 0 -0.03 25-Year
94 12.30931966 | 121.1494876 | 0.031 0 -0.031 25-Year
95 12.30972792 | 121.1433471 | 0.031 0 -0.031 25-Year
96 12.30992565 | 121.147753 0.055 0 -0.055 25-Year
97 12.31063205 | 121.1464339 0.03 0 -0.03 25-Year
98 12.31175295 | 121.144631 0.03 0 -0.03 25-Year
99 12.31194925 | 121.1460993 0.03 0 -0.03 25-Year
100 12.31682036 | 121.1464441 0.03 0 -0.03 25-Year
101 12.31818137 | 121.1463399 0.03 0 -0.03 25-Year
102 12.31878966 | 121.1488838 0.03 0 -0.03 25-Year
103 12.31892575 | 121.1478403 0.03 0 -0.03 25-Year
104 12.31937536 | 121.1462643 0.03 0 -0.03 25-Year
105 12.31981115| 121.1493826 0.03 0 -0.03 25-Year
106 12.3212637 | 121.1460699 0.031 0 -0.031 25-Year
107 12.32141748 | 121.1501692 0.03 0 -0.03 25-Year
108 12.3231649 | 121.1455786 0.03 0 -0.03 25-Year
109 12.32450852 | 121.1466509 0.03 0 -0.03 25-Year
110 12.32641608 | 121.1455303 0.031 0 -0.031 25-Year
111 12.32794347 | 121.1446483 0.03 0 -0.03 25-Year
112 12.33484516 | 121.1403739 | 0.631 0 -0.631 25-Year
113 12.33541404 | 121.1384496 0.03 0 -0.03 25-Year
114 12.33617703 | 121.1377899 | 0.066 0 -0.066 25-Year
115 12.337552 121.17735 2.251 0.6 -1.651 25-Year
116 | 123375274 | 121.137022 | 0.03 0 -0.03 Y°'a”2%alé NOV- 1 25.vear
117 12.337885 121.17717 1.372 0.5 -0.872 25-Year
118 12.3382249 | 121.1352883 0.03 0 -0.03 Undang /1984 | 25-Year
119 12.33915982 | 121.1346933 | 0.078 0 -0.078 25-Year
120 12.339481 121.17681 0.03 0 -0.03 25-Year
121 12.33981626 | 121.1342148 0.03 0 -0.03 25-Year
122 12.34130204 | 121.1338624 | 0.035 0 -0.035 25-Year
123 12.34160143 | 121.155423 0.03 0 -0.03 25-Year
124 12.342589 121.133367 0.036 0 -0.036 25-Year
125 12.343543 121.17839 0.03 0 -0.03 25-Year
126 12.34345954 | 121.133481 0.146 0 -0.146 25-Year
127 12.344377 | 121.1331039 0.03 0 -0.03 25-Year
128 12.34475837 | 121.1326007 | 0.089 0 -0.089 25-Year




. Validation Coordinates L. Rain
Point Model | Validation
. Error Event/Date Return /
Number Var (m) [ Points (m) .

Lat Long Scenario

129 12.34692781 | 121.133061 0.288 0 -0.288 25-Year
130 12.34747038 | 121.1319442 0.607 0 -0.607 25-Year
131 12.34827659 | 121.1310979 0.467 0 -0.467 25-Year
132 12.35144908 | 121.1298895 0.052 0 -0.052 25-Year
133 12.3522015 | 121.1301683 0.284 0 -0.284 25-Year
134 12.35250501 | 121.1270408 0.03 0 -0.03 25-Year
135 12.35412972 | 121.1264919 0.031 0 -0.031 25-Year
136 12.35536653 | 121.1252275 0.03 0 -0.03 25-Year
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