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CHAPTER 1: OVERVIEW OF THE PROGRAM AND
TANGATAN 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” or Phil-LiDAR 1,
supported by the Department of Science and Technology (DOST) Grant-in-Aid (GiA) Program. The program
primarily aimed to acquire 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.

The program also aimed to produce 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 implementing partner university for the Phil-LiDAR 1 Program is the Isabela State University (ISU).
The ISU was 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 ten (10) river basins in the Cagayan Valley Region. The
university is located at llagan City in the Province of Isabela.

1.2 Overview of the Tangatan River Basin

The Tangatan River Basin (Figure 1) is a stream located in the Municipality of Santa Ana, a second-class
municipality in the Province of Cagayan, Cagayan Valley, Philippines. It has an estimated terrain elevation
above sea level of two (2) meters. According to the 2015 census, it has a population of 32,906 people
with a density of seventy five (75) inhabitants per square kilometer or 190 inhabitants per square mile.
It is situated in the Northern-Eastern most point of Luzon and includes Palaui Island. It is the home of
the Cagayan Special Economic Zone and the Naval Base Camilo Osias (Naval Operating Base San Vicente).

The Municipality of Santa Ana is politically subdivided into sixteen (16) barangays: Casagan, Casambalangan,
Centro (Poblacion), Diora-Zinungan, Dungeg, Kapanikian, Marede, Palawig, Parada-Batu, Patunungan,
Rapuli, San Vicente, Santa Clara, Santa Cruz, Visitacion, and Tangatan. The Municipality of Santa Ana is a
mix of agricultural, commercial and agricultural economy. Most of the commercial and industrial activities
are done at Port Irene since the Cagayan Special Economic Zone in Casambalangan.

The main stem of the Tangatan River Basin, the Tangatan River, is among the ten (10) river systems in
Cagayan Valley. According to the 2015 national census of the Philippine Statistics Authority (PSA), a total of
5,649 persons are residing within the immediate vicinity of the river, which is distributed among barangays
Dungeg, Marede, Casagan, Sta. Cruz, and Tangatan in the Municipality of Sta. Ana. The economy of Cagayan
Province largely rests on agriculture with rice, corn, and banana as the main crops and products (Philippine
Statistics Authority, 2017).

Some of its agricultural and aquatic products are rice, corn, peanut, fish, lumber, shells, etc. Among
its natural resources are limestone deposits at Bawac Mountain, coal at Carbon Mountain, Santa Clara
and guano deposit in the Kapanikian Cave. Sta. Ana is 158 kilometers from Tuguegarao City. Due to its
economic potentials particularly in tourism, travel businessmen who develop the island into a luxurious
tourist destination continue to grow in number.
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Figure 1. Map of Tangatan River Basin (in brown)

The Tangatan River Basin covers the Municipality of Sta. Ana in Cagayan. The Flood Modelling Component
(FMC) of the PHIL-LIDAR 1 Program has computed that the Tangatan River Basin has a drainage area of 67
km?2.

On October 20, 2016, the Municipality of Sta. Ana was devastated by the Storm Typhoon Lawin with
the Storm Signal Number 5. The Mahar Lagmay of Project Noah (Nationwide Operational Assessment
of Hazards) urged residents of coastal areas to seek higher ground as the weather bureau expected 2- to
5-meter storm surges, particularly in the towns of Santa Ana, Bugue, Gonzaga and Aparri in the Northern
part of Cagayan. Last November 17, 2016, Quibal-Nanguillatan-Baggao provincial road in Cagayan and
Abusag Bridge in Baggao Town were not passable due to floods due to heavy rains brought on by the tail-
end of a cold front (Visaya, 2016).

According to the disaster risk management agency, with the Lawin’s cloud band of 800 kilometers, more
than 10 million people across the Northern parts of Luzon were affected. Nevertheless, the areas directly
in the typhoon’s path were not densely populated and were well-drilled in storm preparations.



CHAPTER 2: LIDAR DATA ACQUISITION OF THE
TANGATAN FLOODPLAIN

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

2.1 Flight Plans

Plans were made to acquire LiDAR data within the delineated priority area for Tangatan Floodplain in
Antique . Each flight mission has an average of twelve (12) lines which ran for at most four and a half (4.5)
hours including take-off, landing and turning time. The flight planning parameters for the LiDAR System is
found in Table 1. Figure 1 shows the flight plans and base stations for Tangatan Floodplain.

Table 1. Parameters used in Gemini LiDAR System during Flight Acquisition

. .. Average
Block Fly.lng Overlap | Field of view Al PRl XD GREEED Turn
Height Frequency (PRF) | Frequency | Speed .
Name | =~ w6y | % (2) (kHz) (Hz) hts) |[yp ime
(Minutes)
CAG2M 800 30 50 100 50 120 5
CAG2Q 1000 30 40 100 50 120 5
CAG2R 1000 30 40 100 50 120 5
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2.2 Ground Base Stations

The Project Team was able to recover One (1) NAMRIA reference point: CGY-102 with second (2nd) order of
accuracy. One benchmark reference point: CG-258 with second (2nd) order of accuracy. The certification
for the base station is found in Annex 2. These were used as base stations during flight operations for the
entire duration of the survey (April 25 to May 9, 2016). Base stations were observed using Dual Frequency
GPS Receivers, TRIMBLE SPS 852 and TRIMBLE SPS 985. Flight plans and location of base stations used
during the aerial LiDAR Acquisition in Tangatan Floodplain are shown in Figure 2.

Figure 3 to Figure 4 shows the recovered NAMRIA control station within the area. In addition, Tables 2 to
3 show the details about the following NAMRIA control stations and established points, Table 4 shows the
list of all ground control points occupied during the acquisition together with the dates they are utilized
during the survey.

Figure 3. GPS set-up over CGY-102 located about 2 meters from the south corner of the triangular island at the
intersection of the national highway and the road to Port Irene at Santa Ana, Cagayan (a) NAMRIA reference point
CGY-102 (b) as recovered by field team



Table 2. Details of the recovered NAMRIA horizontal control point CGY-102 used as base station for the LiDAR

Acquisition
Station Name CGY-102
Order of Accuracy 2nd
Relative Error (Horizontal positioning) 1in 50,000
Geographic Coordinates, Philippine Reference Of Latlt.ude 18 22, 15'98573,, 122
1992 Datum (PRS 92) Longitude 6’ 41.74346
Ellipsoidal Height 22.608 m
Grid Coordinates, Philippine Transverse Mercator Easting 617476.569 m
Zone 5 (PTM Zone 5 PRS 92) Northing 2032192.366 m
Geographic Coordinates, World Geodetic System LatIt.Ud; 187227981367 ,,122 6
1984 Datum (WGS 84) Longitude 46.31361
Ellipsoidal Height 57.195m
Grid Coordinates, Philippine Transverse Mercator Easting 406145.45 m
Zone 51 North (UTM 51N PRS 1992) Northing 2031351.34m

Figure 4. GPS set-up over CG-258, on a bridge near CGY-102 (a) NAMRIA reference point CG-258 (b) as recovered
by field team



Table 3. Details of the recovered NAMRIA horizontal control point CG-258 used as base station for the LiDAR

Acquisition.
Station Name CG-258
Order of Accuracy 2nd
Relative Error (Horizontal positioning) 1in 50,000
Geographic Coordinates, Philippine Reference of L;ant;ﬁgjje 132;}12’7?372233&"6,',\1 E;E?

1992 Datum (PRS 92)

Ellipsoidal Height 127.309000 meters

Grid Coordinates, Philippine Transverse Mercator Easting 550210.89 meters
Zone 3 (PTM Zone 5 PRS 92) Northing 1459605.458 meters
Latitude 13° 11’ 51.38974” North
Geographic Coordinates, World Geodetic System Longitude 123° 27’ 52.59990” East

1984 Datum (WGS 84)

Ellipsoidal Height 180.74900 meters

Table 4. Details of the recovered NAMRIA horizontal control point LY-199 used as base station for the LiDAR

Acquisition.

Date Surveyed Flight Number Mission Name Ground Control Points
27-Aug-16 3971G 2CAG2DGH118A CG-258 and CGY-102
3-May-16 3989G 2BLK3CAG2QSR124A CG-258 and CGY-102
3-May-16 3991G 2BLK3CAG2MSQS124B CG-258 and CGY-102
6-May-16 4001G 2BLK3CAG2MRS127A CG-258 and CGY-102

2.3 Flight Missions

Four (4) missions were conducted to complete the LiDAR Data Acquisition in Tangatan Floodplain, for
a total of fourteen hours and fifty-eight minutes (14+58) of flying time for RP-C9122. All missions were
acquired using the Gemini LiDAR System. Table 5 shows the total area of actual coverage per mission and
the flying length for each mission and Table 12 presents the actual parameters used during the LiDAR data

acquisition.




Table 5. Flight missions for LiDAR data acquisition in Tangatan Floodplain

Area Flying
Surveyed BT U No. of Hours
Date Flight Flight Plan | Surveyed o Outside the
s » | within the . Images
Surveyed | Number | Area (km?) | Area (km?) . Floodplain .
Floodplain . (Frames) | Hr | Min
2 (km?)
(km?)
27-Aug-16 3971G 191.44 162.97 58.09 104.88 0 4 35
3-May-16 | 3989G 124.92 91.29 41.61 49.68 0 3| 57
3-May-16 | 3991G 191.44 60.21 13.29 46.92 0 2 | 26
6-May-16 | 4001G 117.13 127.08 0 127.08 0 4 0
TOTAL 191.44 441.55 112.99 328.56 0 14 | 58
Table 6. Actual Parameters used during LiDAR Data Acquisition
. . . Scan Average Average
Nﬂ:ﬁrl;zr Fly(':;g :é:‘;;ht Ov(c:'/r;ap FOV (0) (i::) Frequency Speed Turn Time
? (Hz) (kts) (Minutes)
2593P 850 30 40 100 50 120 5
2602G 1000 30 40 100 50 125 5
2606G 800 30 40 100 50 110 5
2610G 1000 30 40 100 50 110 5

2.4 Survey Coverage

The Tangatan Floodplain is located in the Provinces of Cagayan with majority of the floodplain situated
within the Municipality of Santa Ana. The list of municipalities and cities surveyed with at least one (1)
square kilometer coverage, is shown in Table 7. The actual coverage of the LiDAR acquisition for Tangatan

Floodplain is presented in Figure 5.

Table 7. List of Municipalities and cities surveyed during Tangatan Floodplain LiDAR survey.

Municipality/ At ] il e Percentage of
Province Cir y Municipality/City Surveyed Area Survi ed
y (km2) (km2) v
Santa Ana 437.13 223.41 51%
Cagayan
Gonzaga 497.62 74.67 15%
Total 934.75 298.08 31.89%
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Figure 5. Actual LiDAR survey coverage for Tangatan Floodplain



CHAPTER 3: LIDAR DATA PROCESSING OF THE
TANGATAN 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 the LiDAR Data Pre-Processing

The data transmitted by the Data Acquisition Component were checked for completeness based on the list
of raw files required to proceed with the pre-processing of the LiDAR data. Upon acceptance of the LiDAR
field data, georeferencing of the flight trajectory was done in order to obtain the exact location of the
LiDAR sensor when the laser was shot. Point cloud georectification was performed to incorporate correct
position and orientation for each point acquired. The georectified LiDAR point clouds were subjected to
quality check in order to ensure that the required accuracies of the program, which are the minimum point
density, vertical and horizontal accuracies, were met. The point clouds were 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 were calibrated. Portions
of the river that were barely penetrated by the LiDAR System were replaced by the actual river geometry
measured from the field by the Data Validation and Bathymetry Component. LiDAR acquired temporally
were then mosaicked to completely cover the target river systems in the Philippines. Orthorectification of
images acquired simultaneously with the LiDAR data was 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 6.

[ Data Processing Component ]

l Y v

[ Trajectory Computation ] /—)[ Point Cloud Classification ]—)[ DEM Editing ]

v v v
[Poinl Cloud Georectification] [Ddhophoto Rectiﬁcation] [ DEM Mosaicking]
A 4 A 4
LIDAR Data Quality Checking |— DEM Calibration
4
Bathymetric Data
Integration

Figure 6. Schematic Diagram for Data Pre-Processing Component



3.2 Transmittal of Acquired LiDAR Data

The Data transfer sheets for all the LiDAR missions for Tangatan Floodplain can be found in Annex 5.
Missions flown during the survey conducted on April 2016 used the Airborne LiDAR Terrain Mapper (ALTM™
Optech Inc.) Gemini System in Sta. Ana, Cagayan. The Data Acquisition Component (DAC) transferred a
total of 62.85 Gigabytes of Range data, 0.89 Gigabytes of POS data, 48.33 Megabytes of GPS base station
data, and 0 Gigabytes of raw image data to the data server on June 21, 2016. The Data Pre-processing
Component (DPPC) verified the completeness of the transferred data. The whole dataset for Tangatan was
fully transferred on June 21, 2016, as indicated on the Data Transfer Sheets for Tangatan Floodplain.

3.3 Trajectory Computation

The Smoothed Performance Metrics of the computed trajectory for flight 3971G, one of the Tangatan flights,
which is the North, East, and Down position RMSE values are shown in Figure 7. 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 April 28, 2016 00:00AM. The y-axis is the RMSE value for that particular
position.
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Figure 7. Smoothed Performance Metrics of Tangatan Flight 3971G

The time of flight was from 356,500 seconds to 363,500 seconds, which corresponds to morning of
April 28, 2016. The initial spike seen in the data corresponds to the time when the aircraft was getting
into position to start the acquisition, and when the POS system started 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 7 shows that the North position RMSE peaks at 1.25 centimeters, the East position RMSE
peaks at 1.15 centimeters, and the Down position RMSE peaks at 5.00 centimeters, which are within the
prescribed accuracies described in the methodology.
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Figure 8. Solution Status Parameters of Tangatan Flight 3971G

The Solution Status parameters of flight 3971G, one of the Tangatan flights, which are the number of GPS
satellites, Positional Dilution of Precision (PDOP), and the GPS processing mode used, are shown in Figure
8. The graphs indicate that the number of satellites during the acquisition did not go below 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 3.6, which indicates optimal GPS geometry. The processing mode stayed at the value of O for
majority of the survey. 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 Tangatan flights is shown in Figure 9.
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Figure 9. Best Estimated Trajectory for Tangatan Floodplain

3.4 LiDAR Point Cloud Computation

The produced LAS data contain 71 flight lines, with each flight line containing one channel, since the
Gemini System contains only one channel. The summary of the self-calibration results obtained from LiDAR
processing in LIDAR Mapping Suite (LMS) software for all flights over Tangatan Floodplain are given in Table

8.

Table 8. Self-Calibration Results values for Tangatan flights.

Parameter Acceptable Value Value
Boresight Correction stdev) <0.001degrees 0.000876
IMU Attitude Correction Roll and
Pitch Correction stdev) <0.001degrees 0.000809
GPS Position Z-correction stdev) <0.01meters 0.0024

The optimum accuracy is obtained for all Tangatan flights based on the computed standard deviations of
the corrections of the orientation parameters. Standard deviation values for individual blocks are available

in the Annex 8. Mission Summary Reports.
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3.5 LiDAR Data Quality Checking

The boundary of the processed LiDAR data on top of a SAR Elevation Data over Tangatan Floodplain is
shown in Figure 10. The map shows gaps in the LiDAR coverage that are attributed to cloud coverage.
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Figure 10. Boundary of the processed LiDAR data over Tangatan Floodplain

The total area covered by the Tangatan missions is 319.39 sg.km that is comprised of four (4) flight
acquisitions grouped and merged into four (4) blocks as shown in Table 9.

Table 9. List of LiDAR blocks for Tangatan Floodplain

LiDAR Blocks Flight Numbers Area (sq. km)
Cagayan_reflights_BIk3D 4001G 25.86
Cagayan_reflights_BIk3E 4001G 31.41

3971G
Cagayan_reflights_BIk3A 3991G 107.76
4001G
3971G
Cagayan_reflights_BIk3C 3989G 154.36
3991G
TOTAL 319.39 sq. km.
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LiDAR Surveys and Flood Mapping of Tangatan River

The overlap data for the merged LiDAR blocks, showing the number of channels that pass through a
particular location is shown in Figure 11. 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 11. Image of data overlap for Tangatan Floodplain

The overlap statistics per block for the Tangatan Floodplain can be found in Annex 8. One pixel corresponds
to 25.0 square meters on the ground. For this area, the minimum and maximum percent overlaps are
39.43% and 44.96% respectively, 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 2 points per square meter criterion is shown in Figure 12. It was determined that all LiDAR
data for Tangatan Floodplain satisfy the point density requirement, and the average density for the entire
survey area is 4.17 points per square meter.
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Figure 12. Pulse density map of merged LiDAR data for Tangatan Floodplain

The elevation difference between overlaps of adjacent flight lines is shown in Figure 13. 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.
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Figure 13. Elevation difference map between flight lines for Tangatan Floodplain

A screen capture of the processed LAS data from Tangatan flight 3971G loaded in QT Modeler is shown
in Figure 14. The upper left image shows the elevations of the points from two overlapping flight strips
traversed by the profile, illustrated by a dashed yellow 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 14. Quality checking for Tangatan flight 1436A using the Profile Tool of QT Modeler

3.6 LiDAR Point Cloud Classification and Rasterization

Table 10. Tangatan classification results in TerraScan.

Pertinent Class Total Number of Points
Ground 152,013,355
Low Vegetation 147,703,840
Medium Vegetation 410,163,866
High Vegetation 778,394,471
Building 13,610,705

The tile system that TerraScan employed for the LiDAR data and the final classification image for a block in
Tangatan floodplain is shown in Figure 15. A total of 471 1km by 1km tiles were produced. The number of
points classified to the pertinent categories is illustrated in Table 10. The point cloud has a maximum and
minimum height of 1,137.78 meters and 36.47 meters respectively.
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Figure 15. Tiles for Tangatan 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 16. The
ground points are in orange, 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 canopy are classified correctly, due to the
density of the LiDAR data.

b e el il — .- -

Figure 16. Point cloud before (a) and after (b) classification.

The production of last return (V_ASCII) and the secondary (T_ ASCII) DTM, first (S_ ASCII) and last (D_ ASCII)
return DSM of the areain top view display are shown in Figure 17. 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 17. The production of last return DSM (a) and DTM (b), first return DSM (c) and secondary DTM (d) in
some portion of Tangatan Floodplain
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3.7 LiDAR Image Processing and Orthophotograph Rectification

There are no orthophotographs available for the Tangatan Floodplain.

20



3.8 DEM Editing and Hydro-Correction

Four (4) mission blocks were processed for Tangatan Floodplain. These blocks are composed of Cagayan_
reflights blocks with a total area of 320.80 square kilometers. Table 11 shows the name and corresponding
area of each block in square kilometers.

Table 11. LiDAR blocks with its corresponding area

LiDAR Blocks Area (sq.km)
Cagayan_reflights_BIk3A 107.76
Cagayan_reflights_BIk3C 154.36
Cagayan_reflights_BIk3D 25.86
Cagayan_reflights_BIk3E 31.41

TOTAL 319.39 sq.km

Portions of DTM before and after manual editing are shown in Figure 18. A road (Figure 18a) has been
misclassified and removed during classification process and has to be interpolated to complete the surface
(Figure 18b) to allow the correct flow of water. An interpolated irrigation (Figure 18c) was retrieved (Figure
18d) in order to hydrologically correct the irrigation system. Another example is an interpolated ridge
(Figure 18e) has to be retrieved using object retrieval to achieve the actual surface (Figure 18f). Another
example is a building that is still present in the DTM after classification (Figure 18g) and has to be removed
through manual editing (Figure 18h).
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Figure 18. Portions in the DTM of Tangatan Floodplain - a bridge before (a) and after (b) manual
editing; an irrigation before (c) and after (d); interpolated ridge before (e) and after (f) object
retrieval; and a building before (g) and after (h) manual editing.
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3.9 Mosaicking of Blocks

No assumed reference block was used in mosaicking because the identified reference for shifting was
an existing Aunugay DEM which was calibrated using Cagayan DEM overlapping with the blocks to be
mosaicked. Table 12 shows the shift values applied to each LiDAR block during mosaicking.

Mosaicked LiDAR DTM for Tangatan Floodplain is shown in Figure 19. The entire Tangatan Floodplain is
91.30% covered by LiDAR data while portions with no LiDAR data were patched with the available IFSAR

data.

Table 12. Shift Values of each LiDAR Block of Tangatan Floodplain

Mission Blocks

Shift Values (meters)

X y z
Cagayan_reflights_BIk3A 6.32 1.18 -4.72
Cagayan_reflights_BIk3C 5.99 2.06 -4.51
Cagayan_reflights_BIk3D 6.36 1.84 -3.32
Cagayan_reflights_BIk3E 5.48 0.95 -5.01
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Figure 19. Map of Processed LiDAR Data for Tangatan Floodplain
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3.10 Calibration and Validation of Mosaicked LiDAR DEM

The extent of the validation survey done by the Data Validation and Bathymetry Component (DVBC) in
Cagayan to collect points with which the LiDAR dataset was validated is shown in Figure 20. A total of
6,209 survey points were gathered for all the floodplains within Cagayan wherein the Tangatan is located.
However, the point dataset was not used for the calibration of the LiDAR data for Tangatan because during
the mosaicking process, each LiDAR block was referred to the calibrated Cagayan DEM. Therefore, the
mosaicked DEM of Tangatan can already be considered as a calibrated DEM.

A good correlation between the uncalibrated Cagayan LiDAR DTM and ground survey elevation values is
shown in Figure 21. 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 0.14 meters with a standard deviation of 0.13 meters.
Calibration of Cagayan LiDAR data was done by subtracting the height difference value, 0.14 meters, to
Cagayan mosaicked LiDAR data. Table 13 shows the statistical values of the compared elevation values
between Cagayan LiDAR data and calibration data. These values were also applicable to the Tangatan DEM.
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Figure 21. Correlation plot between calibration survey points and LiDAR data

Table 13. Calibration Statistical Measures

Calibration Statistical Measures Value (meters)
Height Difference 0.14
Standard Deviation 0.13
Average -0.05
Minimum -0.32
Maximum 0.22

A total of 1,074 survey points that lie within Tangatan Floodplain and were used for the validation of the
calibrated Tangatan DTM. A good correlation between the calibrated mosaicked LiDAR elevation values
and the ground survey elevation, which reflects the quality of the LiIDAR DTM is shown in Figure 22. The
computed RMSE between the calibrated LiDAR DTM and validation elevation values is 0.17 meters with a
standard deviation of 0.07 meters, as shown in Table 14.
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Figure 22. Correlation plot between validation survey points and LiDAR data

Table 14. Validation Statistical Measures

Validation Statistical Measures Value (meters)
RMSE 0.17
Standard Deviation 0.07
Average 0.16
Minimum 0.06
Maximum 0.32




3.11 Integration of Bathymetric Data into the LiDAR Digital Terrain Model

For bathy integration, centerline and zigzag were available for Tangatan with 4,036 bathymetric survey
points. The resulting raster surface produced was done by Inverse Distance Weighted (IDW) interpolation
method. After burning the bathymetric data to the calibrated DTM, assessment of the interpolated surface
is represented by the computed RMSE value of 0.27 meters. The extent of the bathymetric survey done by
the Data Validation and Bathymetry Component (DVBC) in Tangatan integrated with the processed LiDAR
DEM is shown in Figure 23.



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

18" 2670°N 187 270N 18280 H 18" 29°0°N 18NN 18" 311N

1B 25N

18" 240°N

180N

16200

12°T0E  12P°B0°E 12P80%E  12PM00°E  12FMI0E  122XMEINE 1R2PINCE 1222M40E  1Z2M5TE 12METE  122MTTE
L L

1 L L 1

18"230°N

18z

N

Y

River Profile
4%
S Er
E
= -0
ik
-
i
-bu L T L L] L
1] hLi] 20 = 5] L ot L1
Desiance (mj

T T T T T T T T T T
1Z2FT0E  12F30°E  XE0CE 12ZM0VE 1Z2'0ITTE 1ZRMIITE 12ZMIWRE  122WTE 12XMETE 12NEUTE 122MTDCE

Legend LIDAR WITH BATHYMETRIC DATA
P e— FOR TANGATAN RIVER BASIN

" [ SANTA ANA, CAGAYAN

PROJECTION : mmmee e e
(] Mumicipal Boundary Universal Transverse Mercator (UTM) Zone 51N
MSL Elevation World Geodetic System (WGS) 1984 0 @ P
Value 007515 3 45 8 L

i s e eI

B ow: 203024 &

Figure 23. Map of Tangatan Floodplain with bathymetric survey points shown in blue

30

1NN

182N IEICN I8TATH WBER0CN IETRETTN 18TITOTN ITEEOCN 1ETEETM 18T300TN

18" 210N

187200



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 200 m buffer zone. Mosaicked LiDAR DEM with 1 m resolution was
used to delineate footprints of building features, which consist 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 routing

of disaster response efforts. These features are represented by a network of road centerlines.

3.12.1 Quality Checking of Digitized Features’ Boundary

The Tangatan Floodplain, including its 200 m buffer, has a total area of 105.09 sq km. For this area, a total
of 5.0 sq km, corresponding to a total of 603 building features, are considered for QC. Figure 24 shows the
QC blocks for Tangatan Floodplain.
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Figure 24. QC blocks for Tangatan building features

Quality checking of Tangatan building features resulted in the ratings shown in Table 16.

Table 15. Quality Checking Ratings for Tangatan Building Features

FLOODPLAIN COMPLETENESS CORRECTNESS QUALITY REMARKS

Tangatan 97.56 99.34 89.55 PASSED

3.12.2 Height Extraction

Height extraction was done for 4,911 building features in Tangatan Floodplain. Of these building features,
252 was filtered out after height extraction, resulting to 4,659 buildings with height attributes. The lowest
building height is at 2.00m, while the highest building is at 4.67 m.



3.12.3 Feature Attribution

The digitized features were identified using participatory mapping. Stakeholders (barangay officials) were
invited in a forum and were given maps of their respective barangays. They attributed first non-residential
buildings like barangay hall, schools, churches, commercial buildings, etc. then other building left were
then coded as residential. An nDSM was generated using the LiDAR DEMs to extract the heights of the
buildings. A minimum height of 2 meters was used to filter out the terrain features that were digitized as
buildings. Buildings that were not yet constructed during the time of LiDAR acquisition were noted as new
buildings in the attribute table.

Table 16 summarizes the number of building features per type. On the other hand, Table 17 shows the
total length of each road type, while Table 18 shows the number of water features extracted per type.

Table 16. Building Features Extracted for Tangatan Floodplain

Facility Type No. of Features
Residential 4,331
School 104
Market 19
Agricultural/Agro-Industrial Facilities 0
Medical Institutions 15
Barangay Hall 12
Military Institution 0
Sports Center/Gymnasium/Covered Court 2
Telecommunication Facilities 0
Transport Terminal 0
Warehouse 1
Power Plant/Substation 4
NGO/CSO Offices 0
Police Station 2
Water Supply/Sewerage 0
Religious Institutions 15
Bank
Factory
Gas Station
Fire Station 2
Other Government Offices 46
Other Commercial Establishments 101
Total 4,659

[1] Resource Extraction for Geographic Information System (reGlS), 17 March 2015
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Table 17. Total Length of Extracted Roads for Tangatan Floodplain

Road Network Length (km)

Floodplain i ici inci Total
Y Barangay | City/Municipal | Provincial National Road | Others
Road Road Road

Tangatan 87.61 0 17.37 8.82 0 113.80

Table 18. Number of Extracted Water Bodies for Tangatan Floodplain

. Water Body Type
Floodplain - - Total
Rivers/Streams Lakes/Ponds Sea Dam Fish Pen
Tangatan 20 0 0 0 0 20

A total of 20 bridges and culverts over small channels that are part of the river network were also extracted
for the floodplain.

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 25 shows the Digital Surface Model (DSM) of Tangatan Floodplain overlaid with its ground features.
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Figure 25. Extracted features for Tangatan Floodplain
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CHAPTER 4: LIDAR VALIDATION SURVEY AND
MEASUREMENTS OF THE TANGATAN RIVER BASIN

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

4.1 Summary of Activities

H.O. Noveloso Surveying (HONS) conducted a field survey in Tangatan River on Jan. 19, 2017, on Jan.
23 to 24, 2017, on Jan. 27 to 28, 2017, on Feb. 7, 2017, on Feb. 9, 2017, on Mar. 17 to 18, 2017, and on
Mar. 20, 2017 with the following scope: reconnaissance; control survey; cross-section and as-built survey
of Casagan Hanging Bridge in Brgy. Casagan and Sta. Cruz Bridge in Brgy. Sta. Cruz, Municipality of Sta.
Ana, Province of Cagayan; and bathymetric survey of the river from the upstream in Brgy. Dungeg to the
mouth of the river in Brgy. Tangatan, Sta. Ana, Cagayan with an approximate length of 14.90 km. Random
checking points for the contractor’s cross-section and bathymetry data were gathered by DVBC on October
11-22, 2016 and on November 30 - December 14, 2016 using an Ohmex™ Single Beam Echo Sounder and
Trimble® SPS 882 GNSS PPK survey technique. In addition to this, validation points acquisition survey was
conducted covering the Tangatan River Basin area. The entire survey extent is illustrated in Figure 27.



4.2 Control Survey

The GNSS network used for Tangatan River is composed of one (1) loop established on December 1,
2016 occupying the following reference points: CGY-102, a second-order GCP, in Brgy. San Jose, Gonzaga,

Cagayan and CG-234, a first-order BM, in Brgy. Diora-Zinungan, Sta. Ana, Cagayan.

One (1) control point was also established in the area: UP-TAN-1 in Brgy. Sta. Cruz, Sta. Ana, Cagayan.

The summary of reference and control points and its location is summarized in Table 19 while GNSS

network established is illustrated in Figure 26.

Table 19. List of reference and control points used during the survey in Tangatan River
(Source: NAMRIA, UP-TCAGP)

Geographic Coordinates (WGS 84)
Control Order of
Point Accuracy Ellipsoidal | Elevation Date
Latitude Longitude Height in MSL Established
(Meter) (Meter)
CGY-102 Zn‘é‘érlpder' 18°22'09.82839"N | 122°06'46.33686"E - - 2007
1st Order,
CG-234 BM - - - 3.77 2007
UP-TAN-1 | Established - - - - 10-12-2016
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Figure 26. GNSS network for Tangatan River Survey
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Table 20. List of references and control points used in Tangatan River survey in Cagayan

(Source: NAMRIA and UP TCAGP)

Geographic Coordinates (WGS 84)

Control Order of
Point Accuracy Ellipsoidal | Elevation Date
Latitude Longitude Height in MSL Established
(Meter) (Meter)
LYT-101 Z”dG‘gf'er' 11°10'19.64869" N | 12> 00 45"78230 69.228 - 09-20-2014
LY-106 1St§l\r/|der' ; ; 68.051 | 4.028 2007
UP-ABG up ] ] - - 09-20-2014
Established
UP
UP-B Established . - - - 09-20-2014
UP-DAG up - - - - 09-20-2014
Established
UP
UP-O Established - - - - 09-19-2014
UP-STN up - - - - 09-11-2014
Established
AP1 Arbitrary - - - - 09-18-2014
AP2 Arbitrary - - - - 09-20-2014

The GNSS set-ups on recovered reference points and

shown from Figures 27 to 29.

established control points in Tangatan River are




Figure 27. GNSS receiver set-up, Trimble® SPS 885, at CGY-102, located at the center island in front of the
barangay marker of Brgy. Casambalangan in Brgy. San Jose, Gonzaga, Cagayan

Trimble SPS 885

Figure 28. GNSS receiver set-up, Trimble® SPS 885, at CG-234, located at the approach of Diora Bridge in Brgy.
Diora-Zinungan, Sta. Ana, Cagayan



Trimble” SPS 985

Figure 29. GNSS receiver set-up, Trimble® SPS 985, at UP-TAN-1, located at the approach of Sta. Cruz Bridge
in Brgy. Sta. Cruz, Sta. Ana, Cagayan

4.3 Baseline Processing

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 case
where one or more baselines did not meet all of these criteria, masking is performed. Masking is done by
removing/masking portions of these baseline data using the same processing software. It is repeatedly
processed until all baseline requirements are met. If the reiteration yields out of the required accuracy,
resurvey is initiated. Baseline processing result of control points in Tangatan River Basin is summarized in
Table 21 generated by TBC software.

Table 21. Baseline Processing Report for Tangatan River Basin Static Survey

Obsetion | oot | Souton | e | Wpve, | Gosdetc | | i | e
’ (Meter)
UPCE_'\'l'Olz"' 12-1-2016 Fixed 0.004 0.016 |[199°11'58" [ 13609.050 | 12.344
CGC\g_lZO;;" 12-1-2016 Fixed 0.003 0.016 |193°23'13"| 7169.703 | 12.671
UPC'E;';"' 12-1-2016 Fixed 0.003 0.014 |[205°35'16" | 6516.553 | -0.276

As shown in Table 21, a total of three (3) baselines were processed with coordinates of CGY-102 and
elevation value of CG-234 held fixed. All of them passed the required accuracy.



4.4 Network Adjustment

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

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

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

for each control point. See the Network Adjustment Report shown from Tables 23 to 25 for the complete
details.

The three (3) control points, CGY-102, CG-234, and UP-TAN-1, were occupied and observed simultaneously
to form a GNSS loop. The coordinates of CGY-102 and elevation value of CG-234 held fixed as presented in
Table 22. Through these reference points, the coordinates and elevations of the unknown control points
will be computed.

Table 22. Control Point Constraints

Point ID Tvoe East o North o Height o Elevation ¢
yp (Meter) (Meter) (Meter) (Meter)
CG-234 Grid Fixed
CGY-102 Global Fixed Fixed
Fixed = 0.000001 (Meter)
Table 23. Adjusted Grid Coordinates
. Easting Northing Northing . Elevation
Point ID (Ii\al‘lsetlt:rg) Error (Meter) Error E(Ilt\anv:tt::)n Error Constraint
(Meter) (Meter) (Meter)
CG-234 407973.642 0.012 | 2038248.425 0.010 3.769 ? e
CGY-102 406280.704 ? 2031283.618 ? 15.911 0.074 LL
UP-TAN-1 | 410814.670 0.013 2044110.914 0.010 4.510 0.069




With the mentioned equation, \/((XJ2+0/J2)<20cm for horizontal and z <10 cm for the vertical; the
computation for the accuracy are as follows:

a.

CG-234
Horizontal Accuracy

Vertical Accuracy

CGY-102
Horizontal Accuracy
Vertical Accuracy

CG-373
Horizontal Accuracy

V((1.2)? + (1.0)?
V (1.44 + 1.00)
1.56<20cm
Fixed

Fixed
7.4<10cm

V((1.3)% +(1.0)2

V (1.69 + 1.00)
1.69 +1.00

Vertical Accuracy = 6.9<10cm

Following the given formula, the horizontal and vertical accuracy result of the three (3) occupied control
points are within the required precision.

Table 24. Adjusted Geodetic Coordinates

Point ID Latitude Longitude Ellipsoid Height Constraint

CG-234 N18°25'56.68771" | E122°07'42.88274" 40.384 ? e
CGY-102 N18°22'09.82860" | E122°06'46.33709" 53.040 0.074 LL
UP-TAN-1 N18°29'07.85555" | E122°09'18.79066" 40.665 0.069

The corresponding geodetic coordinates of the observed points are within the required accuracy as shown
in Table 24. Based on the result of the computation, the equation is satisfied; hence, the required accuracy
for the program was met.

The summary of reference and control points used is indicated in Table 25.

Table 25. Reference and control points used and its location (Source: NAMRIA, UP-TCAGP)

Geographic Coordinates (WGS 84) UTM ZONE 51 N
Control Order of
Point Accuracy . . Ellipsoidal Northing Easting BM Ortho
Latitude Longitude Height (m) (m) (m) (m)
2nd order, oy " o~ R
CGY-102 GCP 18°22'09.82839"N | 122°06'46.33686"E 56.475 2031283.618 406280.704 15.971
CG-234 |1st Order, BM| 18°25'56.68727"N | 122°07'42.88284"E 43.759 2038248.425 407973.642 3.77
UP-TAN-1| Established 18°29'07.85555" 122°09'18.79066" 40.665 2044110.914 410814.67 4.51




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

Cross-section and as-built surveys were conducted on February 9, 2017 at the downstream side of Casagan
Hanging Bridge in Brgy. Casagan, Sta. Ana, Cagayan as shown in Figure 30. A Sokkia™ Set CX Total Station
was utilized for this survey as shown in Figure 31. The Automated Water Level System (AWLS) is located
beside the foot of the bridge and its elevation was measured 3.713 m above MSL.

Figure 30. Casagan Hanging Bridge facing upstream

Sokkia™ SetCX |
Total Station S

Figure 31. Cross-section survey of Casagan Hanging Bridge

The cross-sectional line of Casagan Hanging Bridge is about 82 m with one hundred ninety-two (192) cross-
sectional points using the control points UP-TAN-5 and UP-TAN-6 as the GNSS base stations. The location
map, cross-section diagram, and the bridge data form are shown from Figures 32 to 34.
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BRIDGE DATA FORM

Bridge Name: __Casagan Hanging Bridge

River Name: Tangatan River

Location (Brgy., City, Region): __Brgy. Casagan, Sta. Ana, Cagayan

Survey Team: _Jesus De Tagle, Alfie Paras, Isidro Basco, Mardy Feria, Rogelio ltorma

and Myton Obafia

Date and Time:_February 9, 2017 @ 1:15 pm

Flow Condition: Low Mormal High
Weather Condition: Fair Rainy

Cross-sectional View (not to scale)

Deck/Beam

Deck
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Figure 34. Casagan Hanging Bridge Data Sheet



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

Cross-section and as-built surveys were conducted on February 9, 2017 at the downstream side of Sta.

Cruz Bridge in Brgy. Sta. Cruz, Sta. Ana, Cagayan as shown in Figure 36. A Sokkia™ Set CX Total Station was
utilized for this survey as shown in Figure 36.

Figure 35. Sta. Cruz Bridge facing upstream

Figure 36. As-built survey of Sta. Cruz Bridge

The cross-sectional line of Sta. Cruz Bridge is about 120 m with three hundred (300) cross-sectional points
using the control points UP-TAN-4 as the GNSS base station. The cross-section diagram, location map, and
the bridge data form are shown in Figures 37 to 39.
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BRIDGE DATA FORM

Eﬂdgﬂ Name: Sta. Cruz Bﬂdg&

River Name: __Tangatan River

Location (Brgy., City, Region): __Bray. Sta. Cruz, Sta. Ana, Cagayan

Survey Team; __Jesus De Tagle, Alfie Paras, Isidro Basco, Mardy Feria, Rogelio ltorma

and Myton Obania

Date and Time:_February 9, 2017 @ 9:00 am

Flow Condition: Low Marmal High
Weather Condition: Fair Rainy

Cross-sectional View (not to scale)
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3, BAJ-BAd 8281 m. Concrate
4. BA1-Ab1 13,969 m. Concrate
5. Ah2-BAL 13,669 m, Caoncrate
6. Deck/Baam thickness 1.064 m. Concrate
7. Dack Elovation 5,355 m. MSL Concrate
B.P1-P2 20,000 m. Caoncrate
9. P2-P3 20,000 m. Concrate
10. P3-P4 20,000 m. Caoncrate
11. P4-P5 20.000 m, Concrate

Motle: Dbserver shoukd be Tacing downsbnsam

Figure 39. Sta. Cruz Bridge Data Sheet



Gathering of random points for the checking of HONS’s bridge cross-section and bridge points data was
performed by DVBC on October 16, 2016 at Sta. Cruz Bridge using a survey grade GNSS Rover receiver
attached to a 2-m pole as seen in Figure 40.

Figure 40. Gathering of random cross-section points along Sta. Cruz Bridge

Linear square correlation (R2) and RMSE analysis were performed on the two (2) datasets for the two
(2) bridges. 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 0.984 was
obtained by comparing the data of the contractor and DVBC for the bridge points data of Sta. Cruz Bridge;
signifying a strong correlation between the two (2) datasets.

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 points data of Sta. Cruz Bridge, a computed value
of 0.839 was acquired. The computed R2 and RMSE values are within the accuracy requirement of the
program.



Water surface elevation of Tangatan River was determined by a Sokkia™ Set CX Total Station on February
9, 2017 at 1:15 PM at Casagan Hanging Bridge area in Brgy. Casagan, Sta. Ana, Cagayan with a value of
0.259 m in MSL as shown in Figure 33. This was translated into marking on the bridge’s riprap as shown in
Figure 41.

1‘111|I'.'.l.l

Figure 41. Water level markings on the post of Casagan Hanging Bridge



Water surface elevation of Tangatan River was also determined by a Sokkia™ Set CX Total Station on
February 9, 2017 at 9:00 AM at Sta. Cruz Bridge area in Brgy. Sta. Cruz, Sta. Ana, Cagayaan with a value of
-0.429 m in MSL as shown in Figure 38. This was translated into marking on the bridge’s pier as shown in
Figure 42. The markings will serve as reference for flow data gathering and depth gauge deployment of the
partner HEI responsible for Tangatan River, the Isabela State University.

Figure 42. Water level marking on the pier of Sta. Cruz Bridge



4.6 Validation Points Acquisition Survey

The Validation Points Acquisition survey was conducted by DVBC on October 16, 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 43. It was secured with cable ties and ropes to ensure that it was horizontally
and vertically balanced. The antenna height was 2.460 m and measured from the ground up to the bottom
of the antenna mount of the GNSS Rover receiver. The PPK technique utilized for the conduct of the survey
was set to continuous topo mode with CGY-102 occupied as the GNSS base station in the conduct of the
survey.

Figure 43. Validation points acquisition survey set-up for Tangatan River

The survey started from Brgy. San Jose, Gonzaga, Cagayan going northeast along the national highway,
covering eight (8) barangays in Sta. Ana and ended in Brgy. San Vicente, Sta. Ana, Cagayan. The survey
gathered a total of 4,378 points with approximate length of 22.71 km using CGY-102 as GNSS base station
for the entire extent of validation points acquisition survey as illustrated in the map in Figure 44.
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Figure 44. Validation points acquisition survey coverage for Tangatan River Basin
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4.7 River Bathymetric Survey

The Bathymetric Survey was executed on March 17-18, 2017 using a dual frequency Hi-Target™ V30 GNSS
GPS and a Hi-Target™ Single Beam Echo Sounder mounted in a motor boat as illustrated in Figure 45. The
survey started in Brgy. Casagan, Sta. Ana, Province of Cagayan with coordinates 18° 28’ 20.4817” N, 122°
10’ 20.5593” E and ended at the mouth of the river in Brgy. Tangatan, also in the Municipality of Sta. Ana,
with coordinates 18° 29’ 52.1270” N, 122° 08’ 52.4664" E.

Hi-Target™ V30 GNSS

Hi-Target™ Echo
Sounder top unit

Figure 45. Bathymetric survey along Tangatan River

Manual bathymetric survey, on the other hand, was executed on Feb. 9, 2017, Mar. 17-18, 2017, and Mar.
20, 2017 using a Hi-Target™ V30 GNSS GPS as illustrated in Figure 46. The survey started in Brgy. Dungeg,
Municipality of Sta. Ana, Province of Cagayan with coordinates 18° 26’ 14.2578” N, 122° 11’ 53.8700"
E, traversing down the river and ended at starting point of the bathymetric survey using a boat in Brgy.
Casagan, also in the Municipality of Sta. Ana. The control points UP-TAN-3, UP-TAN-5, UP-TAN-6, and UP-
TAN-7 were used as GNSS base stations all throughout the entire survey.
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Figure 46. Manual bathymetric survey of HONS along Tangatan River

Gathering of random points for the checking of HONS’s bathymetric data was performed by DVBC on
December 2, 2016 using a survey grade GNSS Rover receiver attached to a boat as seen in Figure 48. A map
showing the DVBC bathymetric checking points is shown in Figure 49.

Figure 47. Gathering of random bathymetric points along Tangatan River

Linear square correlation (R2) and RMSE analysis were also performed on the two (2) datasets and a
computed R2 value of 0.091 for the bathymetric data is not within the required range for R2, which is
0.85 to 1; however, its maximum value of 0.499 m did not exceed the maximum value of the difference in
elevation of 0.5 m. Additionally, an RMSE value of 0.279 for the bathymetric data was obtained. Both the
computed R2 and RMSE values are within the accuracy required by the program.

The bathymetric survey for Tangatan River gathered a total of 2,460 points covering 14.90 km of the river
traversing barangays Dungeg, Marede, Casagan, Sta. Cruz, and Tangatan in the Municipality of Sta. Ana. A
CAD drawing was also produced to illustrate the riverbed profile of Tangatan River. As shown in Figures 50
and 51, the highest and lowest elevation has a 7.63-m difference.
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The highest elevation observed was 4.211 m above MSL located in Brgy. Dungeg, Sta. Ana, Cagayan while
the lowest was -3.423 m below MSL located in Brgy. Sta. Cruz, Sta. Ana, Cagayan.
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Figure 48. Bathymetric survey of Tangatan River
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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

The components and data that affect the hydrologic cycle of the river basin were monitored, collected, and
analyzed. These include the rainfall, water level, and the flow in a certain period of time.

5.1.2 Precipitation

Cagayan, including the Tangatan River Basin, often experiences heavy and long term rain such as Monsoon
Rain during the months of January to March. The hydrologic data collection covered the period of 22
March 2017. Hydrologic data include the river velocity, water depth and rain collected from data logging
sensors (mechanical velocity meter, depth gauge and rain gauges) in specific time period. Precipitation
data was taken from the Brgy. Santa Clara, Cagayan. The location of the rain gauge is seen in Figure 52.

Total rain from the Santa Clara ARG is 59 mm. It peaked to 6mm on 22 March 2017 7:30 A.M. The lag time
between the peak rainfall and discharge is 7 hours and 20 minutes. The ARG for Tangatan River Basin is
shown Figure 54.
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Figure 52. Location map of Tangatan HEC-HMS model used for calibration

5.1.3 Rating Curves and River Outflow

The Monsoon rain that occurred on 22 March 2017 contributed to a 0.768 meter water level rise with peak
discharge of 56.5m3/s recorded at 12:20 PM on 22 March 2017 with accumulated rainfall 59 mm. These
hydrologic data is the actual event of Tangatan River and inputted to hydrologic modeling. Hydrologic
measurements were taken from Sta. Cruz Bridge, Sta. Ana, Cagayan.
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Figure 54. Rainfall and outflow data used for modeling
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A rating curve was generated for the observed flow and water level. It shows the relationship of the two
hydrologic data. It is expressed in the form of the following equation:
Q=anh

where,

Q . Discharge (m3/s),

h . Gauge height (reading from Sta. Cruz Bridge depth gauge sensor), and

aandn : Constants.
The Tangatan River Rating Curve measured at Sta Cruz Bridge is expressed as Q = 36.362e0.5738x (Figure
55).

Tangatan River Rating Curve
Tangatan, Sta. Ana, Cagayan
T *
w 200
o v =36.362¢0-5738x # Data Field Points
E R?=(.5433 /
g 156
o
E
: 1000
o i — Expon. (Data Field
Points)
-05 o 05 1 15 2 25 3
Stage Height (m)
Figure 55. HQ Curve of HEC-HMS model
5.2 RIDF Station

The Philippine Atmospheric Geophysical and Astronomical Services Administration (PAGASA) computed
the Rainfall Intensity Duration Frequency (RIDF) values for the Aparri Rain Gauge. The RIDF rainfall amount
for 24 hours was converted to a synthetic storm by interpolating and re-arranging the values in such a way
a certain peak value will be attained at a certain time. This station was chosen based on its proximity to the
Tangatan watershed. The extreme values for this watershed were computed based on a 47-year record.



Table 26. RIDF values for the Aparri Rain Gauge, as computed by PAGASA

COMPUTED EXTREME VALUES (in mm) OF PRECIPITATION

Figure 56. Location of Aparri RIDF Station relative to Tangatan River Basin

T (yrs) [ 10 mins | 20 mins | 30 mins 1hr 2 hrs 3 hrs 6 hrs 12 hrs | 24 hrs
2 20.1 314 39.4 53.3 75.6 92.2 119.4 147.7 167.9
5 28.5 44.9 55.8 78.7 110.4 137 173.6 221.2 252.5
10 34.1 53.8 66.6 95.6 133.4 166.6 209.5 269.9 308.5
15 37.2 58.8 72.7 105.1 146.5 183.4 229.7 297.4 340.2
20 394 62.3 77 111.8 155.6 195.1 243.9 316.6 362.3
25 41.1 65 80.3 116.9 162.6 204.1 254.8 3314 379.3
50 46.3 73.4 90.5 132.7 184.2 231.9 288.4 377.1 431.9
100 51.4 81.7 100.6 148.4 205.6 259.5 321.7 422.4 484
APARRI
. RIDF STATION
A
. o 20
Aparri -
[l ] Tt
@ ROF Samons
& ' =
@
: Tuguegarao City H
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Figure 57. Synthetic storm generated for a 24-hr period rainfall for various return periods
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5.3 HMS Model

The soil dataset, taken in 2004, was sourced out from the Bureau of Soils under the Department of
Agriculture. The land cover data, on the other hand, was taken from the National Mapping and Resource
information Authority (NAMRIA). The soil and land cover of the Tangatan River Basin are shown in Figures
58 and 59, respectively.
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Figure 58. Soil Map of Tangatan River Basin
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Figure 59. Land Cover Map of Tangatan River Basin

For Tangatan, five (5) soil classes were identified. These are silt, clay loam, sandy loam, hydrosol and
undifferentiated soil. Moreover, four (4) land cover classes were identified. These are shrubland, open
forest, closed forest, and cultivated area.
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Figure 61. Stream Delineation Map of the Tangatan River Basin

A drainage system includes the basin boundary, subbasin and the stream networks of the basin. Using
rline and SAR-DEM 10m
resolution served as primary data, delineating the drainage system of the Tangatan river basin. The river
centerline was digitized starting from upstream towards downstream in Google Earth (2014). Default

ArcMap 10.2 with HEC-GeoHMS version 10.2 extension, the Tangatan River cente

threshold area used is 140 hectares.

Using the SAR-based DEM, the Tangatan basin was delineated and further subdiv

characteristics of the area. Precipitation on 22 March 2017 (Monsoon Rain) was ta

ided into subbasins. The
Tangatan Basin model consists of 22 subbasins, 11 reaches, and 10 junctions. The main outlet is at Outlet
1. This basin model is illustrated in Figure 62. The basins were identified based on soil and land cover
ken from the Brgy. Santa

Clara ARG. Finally, it was calibrated using data from the Tangatan depth gauge sensor.
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5.4 Cross-section Data

Riverbed cross-sections of the watershed are crucial in the HEC-RAS model setup. The cross-section data
for the HEC-RAS model was derived using the LiDAR DEM data. It was defined using the Arc GeoRAS tool
and was post-processed in ArcGIS.
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Figure 63. River cross-section of Tangatan River generated through Arcmap HEC GeoRAS tool
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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 was divided into square grid elements, 10 meter by 10 meter in size. Each
element was assigned with a unique grid element number which served 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 were 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 was seen that the water generally flows from the southeast of

the model to the northwest, following the main channel. As such, boundary elements in those particular
regions of the model were assigned as inflow and outflow elements respectively.

L o

Figure 64. Screenshot of subcatchment with the computational area to be modeled in FLO-2D GDS Pro

The simulation was then run through FLO-2D GDS Pro. This particular model had a computer run time of
96.46191 hours. After the simulation, FLO-2D Mapper Pro was used to transform the simulation results
into spatial data showing flood hazard levels, as well as the extent and inundation of the flood. By assigning
the appropriate flood depth and velocity values as Low, Medium, and High, the following food hazard map
was created. Most of the default values given by FLO-2D Mapper Pro were used, except for those in the
Low hazard level. For this particular level, the minimum h (Maximum depth) was set at 0.2 m while the
minimum vh (Product of maximum velocity (v) times maximum depth (h)) was set at 0 m2/s.

The creation of a flood hazard map from the model also automatically created a flow depth map depicting
the maximum amount of inundation for every grid element. The legend used by default in Flo-2D Mapper
was not a good representation of the range of flood inundation values, so a different legend was used for
the layout. In this particular model, the inundated parts covered a maximum land area of 102 842 592.00
m2.

There was a total of 128 535 709.02 m3 of water entering the model. Of this amount, 52 256 677.55 m3
was due to rainfall while 76 279 031.48 m3 was inflow from other areas outside the model. 15 800 858.00
m3 of this water was lost to infiltration and interception, while 40 272 552.26 m3 was stored by the
floodplain. The rest, amounting up to 72 462 374.91 m3, was outflow.



5.6 Results of HMS Calibration

After calibrating the Tangatan HEC-HMS river basin model, its accuracy was measured against the observed
values. Figure 65 shows the comparison between the two discharge data.
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Figure 65. Outflow Hydrograph of Tangatan produced by the HEC-HMS model compared with observed outflow

Enumerated in Table 27 are the adjusted ranges of values of the parameters used in calibrating the mod-

el.

Table 27. Range of Calibrated Values for Tangatan

Hydrologic Calculation Type Method Parameter Range of
Element Calibrated Values
Basin Loss SCS Curve Initial Abstraction 14.31-36.52
number (mm)
Curve Number 67.82 -92.92
Transform Clark Unit Time of 0.22-5.31
Hydrograph Concentration
(hr)
Storage 0.50-8.93
Coefficient (hr)
Baseflow Recession Recession 0.55-1
Constant
Ratio to Peak 0.5
Reach Routing Muskingum- Manning's 0.016 —0.08
Cunge Coefficient




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 14.31mm
to 36.52mm means that there is an average amount of infiltration or rainfall interception by vegetation.

The 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 for
the curve number of Tangatan River Basin is 67.82 to 92.92. For Tangatan, the basin mostly consists of
closed forest and cultivated areas and the soil mostly consists of undifferentiated soil.

The 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 0.22 hours to 8.93 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.

Recession constant is the rate at which baseflow recedes between storm events, while ratio to peak is the
ratio of the baseflow discharge to the peak discharge. Recession constant of 0.55 - 1 indicates that the
basin is highly unlikely to quickly go back to its original discharge and instead, will be higher. Ratio to peak
of 0.5 indicates a steep receding limb of the outflow hydrograph.

Manning’s roughness coefficient of 0.016 - 0.08 corresponds to the common roughness in Tangatan
watershed, which is determined to have scattered brush with heavy weeds (Brunner, 2010).

Table 28. Summary of the Efficiency Test of Tangatan HMS Model

Accuracy measure Value
RMSE 0.8947

r 0.88

NSE 0.49

PBIAS 0.35

RSR 0.21

The Root Mean Square Error (RMSE) method aggregates the individual differences of these two
measurements. It was computed as 1.7 (m3/s).

The Pearson correlation coefficient (r2) assesses the strength of the linear relationship between the
observations and the model. This value being close to 1 corresponds to an almost perfect match of the
observed discharge and the resulting discharge from the HEC HMS model. Here, it measured 0.8947.

The Nash-Sutcliffe (E) method was also used to assess the predictive power of the model. Here the optimal
value is 1. The model attained an efficiency coefficient of 0.88. A positive Percent Bias (PBIAS) indicates
a model’s propensity towards under-prediction. Negative values indicate bias towards over-prediction.
Again, the optimal value is 0. In the model, the PBIAS is 0.49.

The Observation Standard Deviation Ratio, RSR, is an error index. A perfect model attains a value of 0 when
the error in the units of the valuable a quantified. The model has an RSR value of 0.35.



5.7 Calculated outflow hydrographs and discharge values for different rainfall
return periods

5.7.1 Hydrograph using the Rainfall Runoff Model

The summary graph (Figure 66) shows the Tangatan River outflow using the Aparri Rainfall Intensity-
Duration-Frequency curves (RIDF) in 5 different return periods (5-year, 10-year, 25-year, 50-year, and
100-year rainfall time series) based on the Philippine Atmospheric Geophysical and Astronomical Services
Administration (PAG-ASA) data. The simulation results reveal significant increase in outflow magnitude as
the rainfall intensity increases for a range of durations and return periods.

Tangatan Outflow using Aparri Rainfall Intensity
Duration Frequency
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Figure 66. Outflow hydrograph at Tangatan Station generated using Maasin RIDF simulated in HEC-HMS

A summary of the total precipitation, peak rainfall, peak outflow and time to peak of the Tangatan discharge
using the Aparri Rainfall Intensity-Duration-Frequency curves (RIDF) in five different return periods is
shown in Table 29.

Table 29. Peak values of the Tangatan HEC-HMS Model outflow using the Aparri RIDF

RIDF Period Total Precipitation | Peak rainfall (mm) [ Peak outflow (m Time to Peak
(mm) 3/s)

5-Year 252.5 28.5 473.1 2 hours, 30
minutes

10-Year 308.5 34.1 615.9 2 hours, 20
minutes

25-Year 379.3 41.1 796.5 2 hours,10
minutes

50-Year 431.9 46.3 930.1 2 hours, 10
minutes

100-Year 484 51.4 1064.2 2 hours, 10
minutes




5.8 River Analysis (RAS) 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 was used in determining the flooded areas within the
model. The simulated model is 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 will be shown. The sample generated map of Tangatan River using the calibrated HMS is

shown in Figure 67.

Figure 67. Sample output of Tangatan RAS Model



5.9 Flow Depth and Flood Hazard

The resulting hazard and flow depth maps have a 10m resolution. Figures 68 to 73 show the 5-, 25-, and
100-year rain return scenarios of the Tangatan Floodplain. The floodplain, with an area of 167.09 sqg. km.,
covers two municipalities namely Gonzaga and Santa Ana. Table 30 shows the percentage of area affected
by flooding per municipality.

Table 30. Municipalities affected in Tangatan Floodplain

Municipality Total Area Area Flooded % Flooded
Gonzaga 497.62 0.32 0.06%
Santa Ana 437.13 166.76 38%
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5.10 Inventory of Areas Exposed to Flooding

Affected barangays in Tangatan River Basin, grouped by municipality, are listed below. For the said basin,

two municipalities consisting of 17 barangays are expected to experience flooding when subjected to 5-,
25-, and 100-yr rainfall return period.

For the 5-year return period, 0.06% of the Municipality of Gonzaga with an area of 497.62 sq. km. will
experience flood levels of less than 0.20 meters. 0.00% of the area will experience flood levels of 0.21 to

0.50 meters while 0.00% of the area will experience flood depths of 0.51 to 1 meter. Listed in Table 31 are
the affected areas in square kilometers by flood depth per barangay.

Table 31. Affected Areas in Gonzaga, Cagayan during 5-Year Rainfall Return Period

Affected area Areag;::fae(;t?s‘zara;rﬁ?ys "
(sq. km.) by flood g i
depth (inm.) San Jose
0.03-0.20 0.28
0.21-0.50 0.015
0.51-1.00 0.0089
1.01-2.00 0.0088
2.01-5.00 0
> 5.00 0

0.035
0.03
Flood
_0.o2s Depth (m)
E m>500
g 002 W 2.01-5.00
E‘lﬂl 5 N 1.01-2.00
< E0.51-1.00
 0.01
ﬁ 0.21-0.50
a
0.005
o |
o Gl
=
Barangays

Figure 74. Affected Areas in Gonzaga, Cagayan during 5-Year Rainfall Return Period

For the 5-year return period, 25.91% of the Municipality of Santa Ana with an area of 437.13 sqg. km. will
experience flood levels of less than 0.20 meters. 2.58% of the area will experience flood levels of 0.21 to
0.50 meters while 3.16%, 3.89%, 2.37%, and 0.24% 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. Listed in Tables 32 and 33
are the affected areas in square kilometers by flood depth per barangay.
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LiDAR Surveys and Flood Mapping of Tangatan River
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Figure 75. Affected Areas in Santa Ana, Cagayan during 5-Year Rainfall Return Period
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Figure 76. Affected Areas in Santa Ana, Cagayan during 5-Year Rainfall Return Period
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For the 25-year return period, 0.05% of the Municipality of Gonzaga with an area of 497.62 sq. km. will
experience flood levels of less than 0.20 meters. 0.00% of the area will experience flood levels of 0.21 to
0.50 meters while 0.00% of the area will experience flood depths of 0.51 to 1 meter. Listed in Table 34 are
the affected areas in square kilometers by flood depth per barangay.

Table 34. Affected Areas in Gonzaga, Cagayan during 25-Year Rainfall Return Period

Affected area Areag: :::‘ecat?ic:‘ I:araknng16)IVS in
(sq. km.) by flood g q.
G San Jose
0.03-0.20 0.27
0.21-0.50 0.021
0.51-1.00 0.0074
1.01-2.00 0.014
2.01-5.00 0
>5.00 0
0.045
0.04
0053 Flood
Depth (m)
E 0.03
3 M= 500
. N 2.01-5.00
L]
g 0.02 N 1.01-2.00
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Figure 77. Affected Areas in Gonzaga, Cagayan during 25-Year Rainfall Return Period

For the 25-year return period, 24.30% of the Municipality of Santa Ana with an area of 437.13 sq. km. will
experience flood levels of less than 0.20 meters. 2.12% of the area will experience flood levels of 0.21 to
0.50 meters while 2.49%, 4.24%, 4.56%, and 0.43% 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. Listed in Tables 35 and 36
are the affected areas in square kilometers by flood depth per barangay.
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Figure 78. Affected Areas in Santa Ana, Cagayan during 25-Year Rainfall Return Period
14
12
Flood
10 Depth {m)
£ m > 5.00
- a8
g W 2.01-5.00
L]
g & N 1.01-2.00
E m051-1.00
a
g 0.21-0.50
o ™
D . T — T T T T T - T 1
: W [ ™ 1 i e
oL P ¢\5"' oo 2 o NG oo
e L R ! o B {‘%ﬁ )
3 ?a,_.p"“ *':.3“4 o L2 ® 12 S
Barangays

Figure 79. Affected Areas in Santa Ana, Cagayan during 25-Year Rainfall Return Period




For the 100-year return period, 0.05% of the Municipality of Gonzaga with an area of 497.62 sq. km. will
experience flood levels of less than 0.20 meters. 0.00% of the area will experience flood levels of 0.21 to

0.50 meters while 0.00% of the area will experience flood depths of 0.51 to 1 meter. Listed in the Table 37
are the affected areas in square kilometers by flood depth per barangay.

Table 37. Affected Areas in Gonzaga, Cagayan during 100-Year Rainfall Return Period

Affected area Areag; ::faecatt(!; l:;aral?rﬁ?\’s in
(sq. km.) by flood g q.
oy San Jose
0.03-0.20 0.27
0.21-0.50 0.021
0.51-1.00 0.0074
1.01-2.00 0.014
2.01-5.00 0
>5.00 0
0.06
- Flood
Depth (m)
E 004
E W= 500
3 N 2.01-5.00
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<
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E 0.01
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o
o
.
Barangays

Figure 80. Affected Areas in Gonzaga, Cagayan during 100-Year Rainfall Return Period

For the 100-year return period, 23.46% of the Municipality of Santa Ana with an area of 437.13 sq. km.
will experience flood levels of less than 0.20 meters. 1.88% of the area will experience flood levels of 0.21
to 0.50 meters while 2.18%, 4.01%, 6.02%, and 0.59% 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. Listed in the Table 38 and
39 are the affected areas in square kilometers by flood depth per barangay.
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Figure 81. Affected Areas in Santa Ana, Cagayan during 100-Year Rainfall Return Period
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Figure 82. Affected Areas in Santa Ana, Cagayan during 100-Year Rainfall Return Period




The Brgy. San Jose is the only barangay affected in the Municipality of Gonzaga in Cagayan. The barangay
is projected to experience flood in 0.06% of the municipality.

Among the barangays in the municipality of Santa Ana in Cagayan, Santa Clara is projected to have the
highest percentage of area that will experience flood levels at 10.17%. Meanwhile, Casagan posted the
second highest percentage of area that may be affected by flood depths at 4.09%.

Moreover, the generated flood hazard maps for the Tangatan Floodplain were used to assess the
vulnerability of the educational and medical institutions in the floodplain. Using the flood depth units
of PAG-ASA for hazard maps (“Low”, “Medium”, and “High”), the affected institutions were given their
individual assessment for each Flood Hazard Scenario (5-year, 25-year, and 10-year).

Table 40. Areas covered by each warning level with respect to the rainfall scenarios

Warning Area Covered in sq. km.
Level 5vyear | 25 year 100 year
Low 11.32 9.30 8.23
Medium 23.91 20.31 18.06
High 18.94 31.53 38.54
TOTAL 54.17 61.14 64.83

Of the 14 identified educational institutions in Tangatan Floodplain, five (5) schools were discovered
exposed to Low-level flooding while five (5) schools were found exposed to Medium-level flooding, both
during the 5-year scenario.

For the 25-year scenario, four (4) schools were discovered exposed to Low-level flooding while six (6)
schools were found exposed to Medium-level flooding. In the same scenario, one (1) school was discovered
exposed to High-level flooding.

For the 100-year scenario, three (3) schools were discovered exposed to Low-level flooding while five
(5) schools were found exposed to Medium-level flooding. In the same scenario, one (3) schools were
discovered exposed to High-level flooding.

Of the six (6) identified medical or health institutions in Tangatan Floodplain, two (2) medical institutions
were discovered exposed to Low-level flooding.

For the 25-year scenario, two (2) health institutions were discovered exposed to Low-level flooding.

For the 100-year scenario, one (1) health institution was discovered exposed to Low-level flooding while
one (1) medical institution was found exposed to Medium-level flooding.



LiDAR Surveys and Flood Mapping of Tangatan River

5.11 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 gathered 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 went to the specified points identified in a river basin and gathered data regarding
the actual flood level in each location. Data gathering was 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.

After which, 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 what is needed.

The flood validation consists of 226 points randomly selected all over the Tangatan Floodplain. It has an
RMSE value of 0.77.
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Table 41. Actual Flood Depth vs Simulated Flood Depth in Tangatan

Actual Modeled Flood Depth (m)

Flood 0-0.20 | 0.21-0.50 | 0.51-1.00 | 1.01-2.00 | 2.01-5.00 | >5.00 Total
Depth (m)

0-0.20 127 27 12 9 3 1 179
0.21-0.50 12 6 9 8 1 1 37
0.51-1.00 7 1 1 0 0 0 9
1.01-2.00 0 0 0 0 0
2.01-5.00 0 0 0 0 0

>5.00 0 0 0 0 0

Total 147 34 22 17 4 2 226

The overall accuracy generated by the flood model was estimated at 59.29% with 134 points correctly
matching the actual flood depths. In addition, there were 48 points estimated one level above and below
the correct flood depths while there were 27 points and 16 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 21 points were underestimated in the modelled flood depths of Tangatan.

Table 42. Summary of Accuracy Assessment in Tangatan River Basin Survey.

pomts | *%
Correct 134 59.29
Overestimated 71 31.42
Underestimated 21 9.29
Total 226 100.00
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ANNEXES

Annex 1. Technical Specifications of the Lidar Sensor Used In The Tangatan
Floodplain Survey

Warvedorm Dignizer

Sengor with Budt-n Camera Pt Derply

——

Contral Rack Laptop
Figure A-1.1 Gemini Sensor
Parameter Specification
Operational envelope (1,2,3,4) 150-4000 m AGL, nominal
Laser wavelength 1064 nm
Horizontal accuracy (2) 1/5,500 x altitude, (m AGL)
Elevation accuracy (2) <5-35cm, 10
Effective laser repetition rate Programmable, 33-167 kHz
Position and orientation system POS AV™ AP50 (OEM);
Scan width (FOV) 220-channel dual frequency GPS/GNSS/Galileo/L-Band
receiver

Scan frequency (5)

Programmable, 0-50°

Sensor scan product

Programmable, 0-70 Hz (effective)

Beam divergence

1000 maximum

Roll compensation

Dual divergence: 0.25 mrad (1/e) and 0.8 mrad (1/e),
nominal

Vertical target separation distance

Programmable, +5° (FOV dependent)

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

Internal video camera (NTSC or PAL)

Full waveform capture

Compatible with full Optech camera line (optional)

Data storage

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

Power requirements

Removable solid state disk SSD (SATA 1)

Dimensions and weight

28 V; 900 W;35 A(peak)

Sensor: 260 mm (w) x 190 mm (I) x 570 mm (h); 23 kg

Control rack: 650 mm (w) x 590 mm (I) x 530 mm (h); 53 kg

Operating Temperature

-10°C to +35°C (with insulating jacket)

Relative humidity

0-95% no-condensing




Annex 2. NAMRIA Certification of Reference Points Used in the LIDAR Survey

1. CGY-102

Decamber 02, 2015

CERTIFICATION

To whoem it may concem:
This s to cartify thal acconding to the reconds on file in this offica, the requesied sursay information i as Tollows -

Prowincs: CAGAYAN
Station Mame: CGY-102
Order: 2nd
Island: LUZON Barangany: CASAMBALANGAN
Muriicipality: SANTA ANA MSL Elevation:
PR592 Coordinates
Latitude: 18* 22° 1598573 Longiwde: 122* & 41.74345° Ellipscsdal Hgh: 2260800 m.
WGSM Coordinates
Latitude: 18" 22 981387 Longitude: 122% & 4631381 Ellipsoldal Hgt:  57.19500 m.
PTM / PRS3592 Coordinales
Mofhing: 2032182.368 m. Easting:  S17476.565 m. Zone: 3
UTM / PRE92 Coordinates
Morhing:  2,031,351.34 Easling:  406,145.45 o 51
Location Description
CEY-102
From trarvel @long the nafl. o Santa Ana. Staton is locabed aboul 2 m. from the S corner of the
at the intersection of the - highwary aind the road to Port Irens. Mark is the head of a copper nal
cantared and Aushed on a 30 em. x 30 om, concrede monument, with inscriptions SCGY-102 2007 NAMRIA®,

Raguesting Paty:  UP DREAM
Purposa: Refarancs

OR M.rrrrbr BOBATIS
TH.: 2015-3961

UM

it L S, R i, MM Tigony Gy, Mgy Tl S« FACY IFS0-00 1

FiLE

Brwrar aH Banmcs B S oot 50d el Peaggres. Pl e T 0 0 o e
www. AdEF LS, gow.ph

EE B0 008 CERTWRED FIOR WAFPING D GEDSPATIAL INFORMATION MEMASEMENT

Figure A-2.1. CGY-102



Annex 3. Baseline Processing Reports of Control Points used in the LiDAR Survey

Table A-3.1. CGY-102

Vector Components (Mark 1o Mark)
From: CGY-102

Grid Lescal Global
Easting 406145.457 m Latiude NI1B" 221598572 Latihude N18"22700.81367
Northing 2031351338 m Longitude EN1Z20641. 743467 Longitude E122°06°46.31381°
Elervartion 20,066 m Height 22600 m Height ST.195m
Toc CG-258

Grid Local Global
Easting 306702418 m Latiude N1B*1721.32897" Latiude N18"1T 1516762
Northing 2022343154 m Longitude: E1Z2°07°21 830970° Longiude E122°0126.4172F
Elarvntion 0.620 m Haight 12.774 m Haight AT 419 m
Vector
AEasiing 0437 033 m NS Pwd Azimuth 2260309 AX 6452 377 m
AMorthing -G0048. 183 m ENipsoid Dist. 13049.913 m AY 7303.391 m
AEkevation -10.445 m AHelght -0.835m AZ -8602.642 m
Standard Errors
'achor ermonm:
o AEasting 0.001 m o NS fwd Azimuth 0 D000 o AX 0,005 m
& ANorthing 0.001 m o Elpacid Dist. 0.001 m o AY 0.007 m
o ABlevalion 0.009 m o AHeight 0.0 m g AT 0.003 m
Aposterion Covariance Maltrix (Matar®)

X Y z

X 0. 0000235542
ki -0 0000335823 0.0000546288
F «0. 0000130278 0.00002 12981 0.0000098 327




Annex 4.

The LIDAR Survey Team Composition

Table A-4.1. The LIDAR Survey Team Composition

Data Acquisition
Component Sub-Team

Designation

Name

Agency/ Affiliation

Data Acquisition
Component Leader

Data Component
Program Leader

ENRICO C. PARINGIT

Data Acquisition Data Component ENGR. LOUIE P.
Component Leader Project Leader -l BALICANTA
Survev Supbervisor Chief Science Research ENGR. CHRISTOPHER

youp Specialist (CSRS) CRUZ

LiDAR Operation

Senior Science Research

ENGR. IRO NIEL ROXAS

Specialist
Research Associate SANDRA POBLETE
LiDAR Operation
Research Associate JONATHAN ALMALVEZ
Ground Survey Research Associate DARRYL AUSTRIA

Data Download and

Senior Science Research

SANDRA POBLETE

UP-TCAGP

Transfer Specialist
. . . . SSG. JOHN ERIC PHILIPPINE AIR FORCE
LiDAR Operation Airborne Security CACANINDIN (PAF)
LiDAR Operation Pilot CAPT. JERICO JECIEL ASIAN AEROSPACE
LIDAR Operation Co-Pilot CAPT. JEROME MOONEY | CORPORATION (AAC)




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

ure[dpoo[.] ueaesue ] 10J 399G I9JSULI] T'G-y INSL]

|§EE L__ﬁ.ﬂ. = ST

TR or ,..h ||¢mw_,|m; _aﬂﬁ aw_mm

Llal=

3

-
EAl

I

P
=

5|

el E B E EHEHEEBEEEEHEE
0
=

urejdpoor uejeduey, 10J }193Y§ IdJsuei], eje(

‘G Xouuy

102



DIL6¢ UOISSIN 10§ S0 YSI[ T'9-Y 2InS1]

LiDAR Surveys and Flood Mapping of Tangatan River

—— RN ——

ﬂ&ﬂ%&# fmopy § wwbuowquesa) ooy pRoaq)

weryd masmomy

R —_— .

——— Em —— - — e — — e —

.N.n... rﬂ. | H
_Fmuy a4 MSLET|

— o m—

|BbE  ronton wmmy

Yo el T
Haupoig i woding] (e jo uoding £

Eﬂi’k A T T
n‘uu_rﬁ‘h.lnaqu:__:iﬁr-u. m._ _g:..z HE_:E!A .__E._._E,._.. a7y i

e ———

R0 O
uslgG0dd 100 ©
oL YRy O
wgtd Wty o
USSR JOITRN, O
BIAEOS PUR Boug £
T st o
SIEATY EUPY YN © A0 O i R R O
DURRINEY YUY O 1y upEpy ey O Wi Al o
EosrUapUE umlhs YO O B 1 yeony O il uoiETbsy 8
S0 O Bqega veH 0L aEla For
weEEseD nylyy 07
T I [ S amﬂm.w Jaie o Bl
— mak | | AWM H b0l
sy sudug moy o wilur g augdug 1
alag ‘37 Ty
_E:u,.ns____..u ‘wodipy) asmpedag Jo podipy 21 e ol

s U qoparog ..m.-:l._ﬁn.__.. - ia_.m_._..um.
. _::..E“.-__E..Edm_ £ ueeiado yvant
. Eii-ﬂn i AN

UOISSIIA OTZ6€ 403 807 1y8114 T

SUOISSIA JYSIL] uejeduey, oY) 10J sS0[ YSI[] "9 XouUY

103



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

DE86S UOISSTIN 10§ S0 IYSI "7'9-Y NS

(aapmiiaadeg 4vd)

iy PR A aEiSig l..iitl....v.ﬁi. s Ay patu SO RIrEUG
g me g T Eixam TN
WU WV SR LR Wean LT L 10 A4 pajpraay 1
i b= S = L e N T wemivenoae ©
SN UIUPY WO O M 0 Wyl 58 wEnsds O
BIUREUEY YRIY | O Wy upipy e © wiidimy o
o e WZOY) PuMo) soueuaepy washs Ywan | O Wi say Yy © A veBIhY @
PO TRt s34po 70z —tL T omeng vor
sy 17 O Mo
m————— | R T . IPREaM 6T
T &h+E - _n____.ﬁ__ S W €39 g - F@I..ﬂw P H ST o H u._.-@.n__
w wig 3ydgd (9oL 8T 3 Bugpuey 41 o ayepgL sauy) auBug _:EL o !_-I_IE: m— st L 11
| i{supesgap wodify) |BALKY jo Lodily L H(paupaid fAD “podipy) simpedag jo uodify IT _imeqgon
e “OWIVUBNInl - oveEPInanl  mnoyg|  Tndda? a an_t.ﬂm ASNGon 'L o 4|
_mm.uﬂul..n_m.“:untgiw_.__n?l& HoaT L Ruusa s adiy __:E_ v E_____ JncadAL -ﬁhu?qﬁ_nu.ﬂ.nﬁ.z uols s | iir@s 1apow E.EM. n o) ad0 Yyan T

Lape o Soy wylnd

o wyiy vopgsnboy eea PV )

UOISSIIAl D686€ 404 807 3y3I|4

4

104



LiDAR Surveys and Flood Mapping of Tangatan River

DI66¢ UOISST 10§ S0 IYSI[ "¢ '9-Y 2nS1]

ausey panal 130 syl
PR VN RSN Y
MY ©
wgeld 100 O
wagasd Yeiy O
N Was O
WSRO BYIEaM O
SGUNOS PUE waoLy 2T
e e — e — _ —_— — —_—— '.].‘u —
S WPy an-ivd | o mEpg O iy sl wasls o
SOUSEBLUITY PRI | O 1yl upupy vy O wig Ay o
P Yoy paosd) sourURY WS WVan | o PS4 ey O wilii wopntey &
SyIELEY TE i‘ﬂiuﬂ
- R —naTT KliEdd saqEam 61
T eisz | H a5 H peEl 94| T Hoem _ W hea
R/ KL U [ _..!__.L mu._.-c_u_..!: “r__._b:-_.u_..ii.q_iE__._.n.i::ﬂb_. — .mﬁ!lﬁm ey o] iuQ suyBug gL
i e S Y T OML OFave IS T s Y
H(unarMD ‘Vodity) IBpay Jo uodY 2T H{asupaid/NiD Wodity) aimuedag jovedivEl e o1
- - S ol TInerL - OVYEATSVIL mnoyg] | ZNd¥OD 4 aoie-ong]  AAr0ON L aoid L
it L I i T T WO S e e L it e L . Bl Eoc T

1bbE -ensorins a1 s wopekoy 00 IR0 )

uoIsSIIN 9T66€ 404 307 1y31|4 €

105



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

DI00F UOTSSI 10 S0 YSI[] "¢'9-y 2n81g

—— e D
wSq0ld W ©
s YR O
wapoid WARE O
WOl St O
SORINOS P BI04 T
e il S Il e e e T U TP - — .
SAANTY UPLPY My OHIYd e T Wi wel sl O
) sIUTRUIRRY R O i Y Y T TR T
gl WPy e WZOND P sousuSIIeN washs VaN O Wi A yenRy O Ny vonntoy @
by \rysrImy =HAO 1T mqew uoN 702 ang 07
sy 17 Ei-ﬁn
P el T N wﬂlmag . e
[T ageE THazw ruf_.l..r L i ﬂmin!n&:
g aydyyd (MOLBE Bujpur (1 Yo eELIL ewiL @ _- :._ oL5 - _E 0w
........... S e~ faanenl O A a9l # ...Eﬂ N
= o pasg M e EE_!F.._EEE__._E daoupid fD Bodiy) aeuedaq jo u wodi py sayeg 1
- w0 vy W INENL - ovalvan ‘mnoy “2ndsed d aod-0@  Ateoon L ._a_._.b
[FFo b5 dy uonesypuep yeaily s  HagTLeusED) - u&.:.._ﬁam T FauseN UOISSINE| IninG - ‘apop Ty el T ioyes 240 Wvan |

e e —— B Ll

uoISSIIAl 9TO0Y 404 307 1y3114 v

106



Annex 7. Flight status reports

FLIGHT STATUS REPORT
TANGATAN
(April 25 to May 9, 2016)

Table A-7.1. Flight Status Report

FLIGHT AREA MISSION OPERATOR DATE REMARKS
NO. FLOWN
CAG2M, Aoril 28 Covered Baua,
3971G CAG2Q, | 2BLK3CAG2MQR119A | J. ALMALVEZ 3016 ! Casambalangan and
CAG2R Palawig Floodplains
CAG2Q, May 3,
3989G CAG2R 2BLK3CAG2QSR124A I. ROXAS 2016 Covered CAG2Q and R
CAG2M, Mav 3
3991G CAG2Q, | 2BLK3CAG2MSQS124B | J. ALMALVEZ Y3 Covered CAG2M and Q
2016
CAG2R
CAG2M, May 6,
4001G CAG2R 2BLK3CAG2MRS127A | J. ALMALVEZ 2016 Completed CAG2M and R




LAS BOUNDARIES PER MISSION FLIGHT

FLIGHT NO.: 3971G
AREA: CAG2M, CAG2Q, CAG2R
MISSION NAME: 2BLK3CAG2MQR119A

Figure A-7.3. Swath for Flight No. 3971G



FLIGHT NO.: 3989G
AREA: CAG2Q, CAG2R
MISSION NAME: 2BLK3CAG2QSR124A

Figure A-7.3. Swath for Flight No. 3989G



FLIGHT NO.: 3991G
AREA: CAG2M, CAG2Q, CAG2R
MISSION NAME: 2BLK3CAG2MSQS1248B

Figure A-7.4. Swath for Flight No. 3991G



FLIGHT NO.: 4001G
AREA: CAG2M, CAG2R
MISSION NAME: 2BLK3CAG2MRS127A

//L‘--Aczrui ¥

Figure A-7.5. Swath for Flight No. 4001G



Annex 8. Mission Summary Reports

Table A-8.1 Mission Summary Report of Mission BIk3A

Flight Area

Cagayan

Mission Name

Cagayan_reflights_BIk3A

Inclusive Flights

3971G, 3991G, 4001G

Range data size 45.75 GB
POS data size 640 MB
Base data size 33.73 MB

Image NA

Transfer date

June 21, 2016

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) 2.5
RMSE for East Position (<4.0 cm) 1.7
RMSE for Down Position (<8.0 cm) 2.4
Boresight correction stdev (<0.001deg) 0.000876
IMU attitude correction stdev (<0.001deg) 0.015089
GPS position stdev (<0.01m) 0.0024
Minimum % overlap (>25) 42.36%
Ave point cloud density per sq.m. (>2.0) 3.56
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 156
Maximum Height 526.96 m
Minimum Height 3941 m
Classification (# of points)
Ground 70,619,413
Low vegetation 72,372,299
Medium vegetation 199,312,514
High vegetation 122,546,677
Building 5,607,920
Orthophoto No

Processed by

Engr. Don Matthew Banatin, Engr. Christy
Lubiano, Engr. Karl Adrian Vergara
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Figure 1.1.1. Solution Status
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Figure 1.1.2. Smoothed Performance Metric Parameters
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Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)
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Figure 1.1.3. Best Estimated Trajectory
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Figure 1.1.4. Coverage of LiDAR Data
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LiDAR Surveys and Flood Mapping of Tangatan River
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Figure 1.1.5. Image of data overlap

18°20'0"N

122°0'0"E

122°10'0"E

18720'0"N

| Legend 1

[ Munieipal Bouncary

| Density

B

=2 ptaim”

| Elevation ( m )
Value

High : 1134

Figure 1.1.6. Density map of merged LiDAR data
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)
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Figure 1.1.7. Elevation difference between flight lines
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Table A-8.2 Mission Summary Report of Mission BIk3C

Flight Area

Cagayan

Mission Name

Cagayan_reflights_BIk3C

Inclusive Flights

3991G, 3971G, 3989G

Range data size 46.75 GB
POS data size 640 MB
Base data size 38.98 MB

Image NA

Transfer date

June 21, 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) 14
RMSE for East Position (<4.0 cm) 1.5
RMSE for Down Position (<8.0 cm) 3.0
Boresight correction stdev (<0.001deg) 0.000342

IMU attitude correction stdev (<0.001deg) 0.000718
GPS position stdev (<0.01m) 0.0014
Minimum % overlap (>25) 44.96%
Ave point cloud density per sq.m. (>2.0) 5.54
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 211
Maximum Height 801.02 m
Minimum Height 37.68 m
Classification (# of points)
Ground 64,955,431
Low vegetation 70,520,039
Medium vegetation 182,653,450
High vegetation 495,888,734
Building 7,863,830
Orthophoto No

Processed by

Engr. Regis Guhiting, Engr. Harmond
Santos, Engr. Gladys Mae Apat
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LiDAR Surveys and Flood Mapping of Tangata

n River
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Figure 1.2.3. Best Estimated Trajectory
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Figure 1.2.4. Coverage of LiDAR Data
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Figure 1.2.6. Density map of merged LiDAR data




LiDAR Surveys and Flood Mapping of Tangatan River

122°20'0"E

122°10'0"E

18°30'0"N

18°30'0"N

Legend

[ ] Municipal Boundary

Difference

- -0.20 m diff in overlap
-—c,za m diff in overlap

Elevation (m )

Value
- High: €21

Low: D

1050 1 2

Kilemeters

122°100"E

Figure 1.2.7. Elevation difference between flight lines

121



Table A-8.3 Mission Summary Report of Mission BIk3D

Flight Area Cagayan
Mission Name Cagayan_reflights_BIk3D
Inclusive Flights 4001G
Range data size 16.1 GB
POS data size 245 MB
Base data size 9.35 MB
Image NA

Transfer date

June 21, 2016

Solution Status
Number of Satellites (>6) Yes
PDOP (<3) No
Baseline Length (<30km) Yes
Processing Mode (<=1) No
Smoothed Performance Metrics (in cm)

RMSE for North Position (<4.0 cm) 1.0
RMSE for East Position (<4.0 cm) 1.1
RMSE for Down Position (<8.0 cm) 4.0
Boresight correction stdev (<0.001deg) 0.001846

IMU attitude correction stdev (<0.001deg) 0.0027
GPS position stdev (<0.01m) 0.007490
Minimum % overlap (>25) 40.87%
Ave point cloud density per sq.m. (>2.0) 3.10
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 48
Maximum Height 384.55m
Minimum Height 36.47m
Classification (# of points)
Ground 9,410,752
Low vegetation 3,773,495
Medium vegetation 18,571,059
High vegetation 4,495,3057
Building 60,141
Orthophoto No

Processed by

Engr. Regis Guhiting, Engr. Harmond
Santos, Engr. Gladys Mae Apat
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Table A-8.4 Mission Summary Report of Mission BIk3E

Flight Area Cagayan
Mission Name Cagayan_reflights_BIk3E
Inclusive Flights 4001G
Range data size 16.1 GB
POS data size 245 MB
Base data size 9.35 MB
Image NA

Transfer date

June 21, 2016

Solution Status

Number of Satellites (>6) Yes

PDOP (<3) No

Baseline Length (<30km) Yes

Processing Mode (<=1) No
Smoothed Performance Metrics (in cm)

RMSE for North Position (<4.0 cm) 1.0
RMSE for East Position (<4.0 cm) 1.1
RMSE for Down Position (<8.0 cm) 4.0
Boresight correction stdev (<0.001deg) 0.042939
IMU attitude correction stdev (<0.001deg) 0.015915

GPS position stdev (<0.01m) 0.0028
Minimum % overlap (>25) 39.43%
Ave point cloud density per sg.m. (>2.0) 4.48
Elevation difference between strips (<0.20 m) Yes
Number of 1km x 1km blocks 56
Maximum Height 1137.78 m
Minimum Height 36.97m
Classification (# of points)
Ground 7,027,759
Low vegetation 1,038,007
Medium vegetation 9,626,843
High vegetation 115,006,003
Building 78,814
Orthophoto No

Processed by

Engr. Regis Guhiting, Engr. Harmond
Santos, Engr. Gladys Mae Apat
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

122°10'0"E 122°20'0"E
7 r7
N
. ) A
i) ; i
’ i -
’ #f 4 s ol 4557
i o S0
g 3 4 e e a
» - o b
Yo g o 7
A

Legend
[ unicipal Boundary
Overlap

[N
m o -

Elevation { m }

Value
- High: 445

Kilometers

g
122°100"E

122°20'0'E

122°10'0"E

122°20'0"E

Legend

[ Municipal Boundary
Density
- =2 praim

=2 paim’

Elevation (m )

Value
- High: 445

Kilometers

122°100°E

122°200"E

Figure 1.4.6. Density map of merged LiDAR data

130




LiDAR Surveys and Flood Mapping of Tangatan River

122°20'0"E

122°10'0"E

Legend

[ Municipal Boundary
Difference
- 020 m diff in overlan
--c 20 m Giff in overlao
Elevation (m )

Value
- High: 445

Kilometers

122°200"E

122°100"E

Figure 1.4.7. Elevation difference between flight lines

131



S0 jead o1 ohey €9798°0 868T°C a8Jeyosig T1CE6'8 ¢LLO€S 00 806°T8 6L€°CC 0SVM
S0 jead 031 ohey T0¥98°0 9LSt°€ a8.1eyasi@ ¥86¢¥L0 €SCYS'T 00 8L'6L v6T'17¢C oM
S0 Jead 03 oley 610580 VLLE'E a3.1eyasig €CSEV'L ¥99.16°0 00 6v8°L9 6817°9¢ ra 70
S0 jead o1 ohey €¢C80 §956°'C 931eyasiq 9918¢C'L 1TCET 00 1S0°89 Svc9e 0TYM
S0 jead o1 ohey ¥7€098°0 €€9/e a8.1eyasi@ ¢19/88°0 8T€ESB'C 00 ¢6S°CL 8IT'T¢E 007
S0 3ead 03 ohey vL¥98°0 8€66'E a3.1eyasig CLYY8E 6¥75¢S°C 00 66€90L6°SL T0L°LC 0ZZM
S0 3ead 01 ohey €497S°0 Leee’t a3Jeydsig 6¢60L°T 8£90S°'T 00 68'€8 0LL°0¢ 06EM
S0 jead o1 ohey €9¢¢80 0S6C'C 93Jeyasiq LL6LL6°0 €8¢6C'T 00 CLS'TL €Teee 08EM
S0 jead 03 ohey 959980 619490 a8.1eyasi@ LTV9V8°0 6¢vSLT 00 €81°G8 T9L°61 0LEM
S0 3ead 03 ohey §SE08°0 8¢9C'T a31eydsig 9504S0°T ¢Seoe'T 00 9€CEL 6€€0€ 09EM
S0 jead o1 ohey 990980 8¢’ a3Jeyosi@ 8€S60'T 6G5S01°¢C 00 8ST'9L 0¢s’LT 0SEM
S0 jead o1 ohey 886180 661C'C 93Jeyasiq 91€6C'T 69480°C 00 9€5°06 8€00688'ST oveEM
S0 3ead 03 oley 698580 68LL'T a3.1eyasig 69TS'T ¢809°'1T 00 LL6'EL 089°6¢ 0€EEM
S0 Jead 03 ohey 1 SLIT'T a3.1eyasig Y081T'1T VeEVY60'T 00 €59'98 05981 0ZEM
S0 3ead 01 ohey 686180 LeVT'C a3Jeydsig 6L41LC6°0 ¥999¢'1 00 618°L9 §¢S9¢ 0TEM
S0 jead o1 ohey 6998°0 T86T060°0 | 934eydsig S69L67°0 6v71€0E0 00 8VC'v8 8817°0¢ 00EM
S0 jead 031 ohey 89980 8¢SCT0 a8.1eyasi@ S00¢8°0 £89G¢C°0 00 ¢S16°C6 eyl 06CZM
S0 Jead 03 oley TEOV8'0 689L'1 a38.1eyasig S90¢r'T 69LCV'T 00 S68°L9 VeV 9€E 08ZM
S0 jead o1 ohey S8°0 0¥0020°0 | @34eydsia T0C9'T 6€8T'C 00 959'8L L¥S79C 0LZM
S0 jead o1 ohey 719980 ¥789€8°0 93Jeyasiq ¢89S¢L°0 ¢16€E87°0 00 LTV'68 09991 0SZM
S0 3ead 03 ohey 61180 0899°¢ a8.1eyasig 90vse’L 87L88'C 00 9€0'0L [44°R 33 OvZM
S0 3ead 01 ohey L6€98°0 0€8¢e'T a31eydsig 168509°0 €¢90S'T 00 T0¥°'08 9G99°€¢ 0€CM
(S/€N) (4H) (4H) (wiw)
yead adAL juesuo) 984eyosig adAL JUBPLYB0) | UoneIIUIUO) (%) JRquinN uonoensqy
01 oney ploysaJyl uoISSI9Y |eniu| |enuj a3e.01s jo awiy snoinsadw 9AIN) jeniu|
w.ojsues] JaquinN
Mojjaseg uoissa2dy ydeiSoapAH nun yiepn SSO7 J9quWinN 9AIND SIS uiseg
s1919UIRIR ] UIsed [OPOIN uelesue] T6-V J[qel
SIojowiened uised [9PON GQHQWGN,H ‘6 Xouuy



LT9T°0 ST¥80'6L plozadel| 90vErC00 1000 T1'95¢ [eAJR1U| paXl4 dhewolny 084
LT9T°0 STv80°6L plozades) 6459500 098¢T10°0 ¥8'80L [eAJD1U| paXl4 dhewolny 0.4
LT9T°0 STv80°'6L plozadel| ¢6S0€¢0°0 T906T00°0 [R X414 [eAJ931U| paXl4 dhewoliny 097y
LT9T°0 ST¥80°6L piozades) S§989ST0°0 1000 LT0V9 [eAJa1U| paXl4 dhewolny ovy
LT9T°0 ST¥80°6L plozades) S¢0'0 G819S10°0 L20'V9 [eAJD1U| paXI4 dhewolny o€y
LT9T°0 STv80°6L piozadel| LE6LYB00 S¢0L¥00°0 §9¢T¢ [eAJ91U| paXl4 dhewolny 08THd
LT9T°0 STr80°'6L piozades) SLTBEE00 ¥7865T00°0 69481 [eAd91U| paXld dpewolny 0LTHd
LT9T°0 ST¥80'6L piozades) SLEV800 L6/LEE000 9'€8T1 [eAJR1U| paXl4 dhewolny 09T
LT9T°0 STv80°6L plozades) Y1ErSco0 01000 6¢L8¢ [eAJD1U| paXl4 dhewolny 0€TH
LT9T°0 STv80°'6L plozadel| CLLLLEDO ¥7869¢00°0 RY444 [eAJ931U| paXI4 dhhewoliny oTTH
LT9T°0 ST¥80°6L piozades) 865¢¢C0°0 1000 6'6TTE [eAJa1U| paXl4 dhewolny 00T
ado|s
apis Yypim adeys u s,Sujuuepy adojs (w) yr8ua poylan dais awil Y
Sunnoy |auuey) asun) wnsupisnipl yoeay

SId1oUWIRIRJ OB [PPOIN UeIeSue] T0l-V el

sIdjouresed yoedy [OpoN uejeSue], Q[ Xouuy



Annex 11. Tangatan Field Validation Points
Table A-11. Tangatan Field Validation Points
Point | Validation Coordinates | Model | Validation | Error (m) Event/Date Return
Number Lat Long Var points Period
(m) (m) of Event

18.41135 | 122.21031 | 1.610 0.00 -1.61 5Yr 100

18.41160 | 122.20828 | 2.050 0.00 -2.05 5Yr 100

18.41201 | 122.20530 | 1.630 0.10 -1.53 TS Tasing/ 5Yr 100
October 1989

4 18.41418 | 122.20277 | 0.430 0.20 -0.23 TS Tasing/ 5Yr 100
October 1989

5 18.41721 | 122.20191 | 0.610 0.30 -0.31 TS Tasing/ 5Yr 100
October 1989

6 18.41915 | 122.19790 | 0.200 0.80 0.60 TS Tasing/ 5Yr 100
October 1989

7 18.42222 | 122.19534 | 0.060 0.00 -0.06 5Yr 100

8 18.42277 | 122.12742 | 0.030 0.00 -0.03 5Yr 100

9 18.42341 | 122.12767 | 1.290 0.00 -1.29 5Yr 100

10 18.42462 | 122.19319 | 0.030 0.00 -0.03 5Yr 100

11 18.42504 | 122.12717 | 0.060 0.00 -0.06 5Yr 100

12 18.42628 | 122.12655 | 0.060 0.00 -0.06 5Yr 100

13 18.42811 | 122.19287 | 0.100 0.30 0.20 TS Tasing/ 5Yr 100
October 1989

14 18.43113 | 122.12771 | 0.030 0.00 -0.03 5Yr 100

15 18.43224 | 122.19130 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

16 18.43226 | 122.12844 | 0.950 0.00 -0.95 5Yr 100

17 18.43405 | 122.16976 | 0.080 0.00 -0.08 5Yr 100

18 18.43392 | 122.12951 | 0.050 0.00 -0.05 5Yr 100

19 18.43414 | 122.16849 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989

20 18.43425 | 122.16763 | 0.220 0.10 -0.12 TS Tasing/ 5Yr 100
October 1989

21 18.43464 | 122.16585 | 0.090 0.10 0.01 TS Tasing/ 5Yr 100
October 1989

22 18.43465 | 122.16367 | 0.170 0.10 -0.07 TS Tasing/ 5Yr 100
October 1989

23 18.43498 | 122.16502 | 0.340 0.10 -0.24 TS Tasing/ 5Yr 100
October 1989

24 18.43512 | 122.16161 | 0.060 0.10 0.04 TS Tasing/ 5Yr 100
October 1989

25 18.43593 | 122.13080 | 0.030 0.00 -0.03 5Yr 100

26 18.43645 | 122.19018 | 1.220 0.20 -1.02 TS Tasing/ 5Yr 100
October 1989

27 18.43631 | 122.13092 | 0.040 0.00 -0.04 5Yr 100

28 18.43767 | 122.16305 | 0.370 0.10 -0.27 TS Tasing/ 5Yr 100
October 1989

29 18.43888 | 122.16345 | 0.110 0.00 -0.11 5Yr 100




Point | Validation Coordinates | Model | Validation | Error (m) Event/Date Return
Number Lat Long Var points Period
(m) (m) of Event
30 18.43909 | 122.19049 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989
31 18.43910 | 122.13226 | 0.030 0.00 -0.03 5Yr 100
32 18.44015 | 122.19152 | 0.030 0.30 0.27 TS Tasing/ 5Yr 100
October 1989
33 18.44032 | 122.16161 | 0.180 0.00 -0.18 5Yr 100
34 18.44079 | 122.13313 | 0.030 0.00 -0.03 5Yr 100
35 18.44144 | 122.15926 | 0.420 0.00 -0.42 5Yr 100
36 18.44229 | 122.19495 | 1.520 0.50 -1.02 TS Tasing/ 5Yr 100
October 1989
37 18.44207 | 122.13369 | 0.030 0.00 -0.03 5Yr 100
38 18.44230 | 122.15788 | 0.030 0.00 -0.03 5Yr 100
39 18.44257 | 122.19382 | 1.100 0.40 -0.70 TS Tasing/ 5Yr 100
October 1989
40 18.44324 | 122.19602 | 6.310 0.50 -5.81 TS Tasing/ 5Yr 100
October 1989
41 18.44326 | 122.19603 | 6.310 0.00 -6.31 5Yr 100
42 18.44343 | 122.19201 | 0.030 0.40 0.37 TS Tasing/ 5Yr 100
October 1989
43 18.44339 | 122.13439 | 0.160 0.00 -0.16 5Yr 100
44 18.44388 | 122.15588 | 0.090 0.00 -0.09 5Yr 100
45 18.44394 | 122.15577 | 0.060 0.00 -0.06 5Yr 100
46 18.44425 | 122.18951 | 0.030 0.90 0.87 TS Tasing/ 5Yr 100
October 1989
47 18.44429 | 122.18831 | 0.080 0.70 0.62 TS Tasing/ 5Yr 100
October 1989
48 18.44414 | 122.13472 | 0.240 0.00 -0.24 5Yr 100
49 18.44485 | 122.18876 | 0.050 0.00 -0.05 5Yr 100
50 18.44486 | 122.14113 | 0.030 0.00 -0.03 5Yr 100
51 18.44508 | 122.18691 | 0.030 0.30 0.27 TS Tasing/ 5Yr 100
October 1989
52 18.44515 | 122.18928 | 0.220 0.00 -0.22 5Yr 100
53 18.44509 | 122.14008 | 0.410 0.00 -0.41 5Yr 100
54 18.44511 | 122.13517 | 0.030 0.00 -0.03 5Yr 100
55 18.44526 | 122.15412 | 0.480 0.00 -0.48 5Yr 100
56 18.44582 | 122.13796 | 0.030 0.00 -0.03 5Yr 100
57 18.44589 | 122.13555 | 0.240 0.00 -0.24 5Yr 100
58 18.44598 | 122.15176 | 0.270 0.00 -0.27 5Yr 100
59 18.44630 | 122.18449 | 0.100 0.00 -0.10 5Yr
60 18.44626 | 122.13653 | 0.060 0.00 -0.06 5Yr
61 18.44638 | 122.14928 | 0.030 0.00 -0.03 5Yr
62 18.44702 | 122.13607 | 0.050 0.00 -0.05 5Yr
63 18.44726 | 122.14713 | 0.030 0.00 -0.03 5Yr




Point | Validation Coordinates | Model | Validation | Error (m) Event/Date Return
Number Lat Long Var points Period
(m) (m) of Event

64 18.44738 | 122.14701 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989

65 18.44788 | 122.14572 | 0.210 0.10 -0.11 TS Tasing/ 5Yr 100
October 1989

66 18.44787 | 122.13657 | 0.030 0.00 -0.03 5Yr 100

67 18.44826 122.18327 | 0.030 0.00 -0.03 5Yr 100

68 18.44854 | 122.13684 | 0.030 0.00 -0.03 5Yr 100

69 18.44862 | 122.14404 | 0.100 0.10 0.00 TS Tasing/ 5Yr 100
October 1989

70 18.44876 122.14766 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

71 18.44946 | 122.14225 | 0.100 0.10 0.00 TS Tasing/ 5Yr 100
October 1989

72 18.44975 | 122.13742 | 0.200 0.00 -0.20 5Yr 100

73 18.45007 122.14005 | 0.290 0.00 -0.29 5Yr 100

74 18.45020 122.14842 | 0.050 0.20 0.15 TS Tasing/ 5Yr 100
October 1989

75 18.45036 | 122.17991 | 0.330 0.40 0.07 TS Tasing/ 5Yr 100
October 1989

76 18.45040 | 122.13786 | 0.030 0.00 -0.03 5Yr 100

77 18.45077 122.13674 | 0.070 0.10 0.03 TS Tasing/ 5Yr 100
October 1989

78 18.45157 | 122.14828 | 0.030 0.30 0.27 TS Tasing/ 5Yr 100
October 1989

79 18.45206 | 122.17833 | 0.540 0.00 -0.54 5Yr 100

80 18.45194 | 122.13852 | 0.030 0.00 -0.03 5Yr 100

81 18.45224 | 122.13731 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989

82 18.45235 | 122.14374 | 0.110 0.20 0.09 TS Tasing/ 5Yr 100
October 1989

83 18.45273 | 122.14695 | 0.040 0.10 0.06 TS Tasing/ 5Yr 100
October 1989

84 18.45297 122.19362 | 1.210 0.50 -0.71 TS Tasing/ 5Yr 100
October 1989

85 18.45303 | 122.17755 | 0.640 0.00 -0.64 5Yr 100

86 18.45295 | 122.14581 | 0.330 0.20 -0.13 TS Tasing/ 5Yr 100
October 1989

87 18.45357 122.17713 | 0.570 0.00 -0.57 5Yr 100

88 18.45379 | 122.19688 | 1.410 0.50 -0.91 TS Tasing/ 5Yr 100
October 1989

89 18.45375 | 122.17716 | 0.600 0.20 -0.40 TS Tasing/ 5Yr 100
October 1989

90 18.45365 | 122.13804 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989

91 18.45372 122.13937 | 0.030 0.00 -0.03 5Yr 100

92 18.45386 | 122.15804 | 0.340 0.30 -0.04 TS Tasing/ 5Yr 100

October 1989




Point | Validation Coordinates | Model | Validation | Error (m) Event/Date Return
Number Lat Long Var points Period
(m) (m) of Event
93 18.45386 | 122.14319 | 0.200 0.00 -0.20 5Yr 100
94 18.45407 | 122.17529 | 1.490 0.30 -1.19 TS Tasing/ 5Yr 100
October 1989
95 18.45428 | 122.17660 | 0.800 0.30 -0.50 TS Tasing/ 5Yr 100
October 1989
96 18.45462 122.19740 | 2.100 0.40 -1.70 TS Tasing/ 5Yr 100
October 1989
97 18.45449 | 122.14251 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989
98 18.45485 | 122.15591 | 0.910 0.30 -0.61 TS Tasing/ 5Yr 100
October 1989
99 18.45520 122.17502 | 0.970 0.30 -0.67 TS Tasing/ 5Yr 100
October 1989
100 18.45520 | 122.14008 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989
101 18.45534 | 122.15389 | 1.740 0.30 -1.44 TS Tasing/ 5Yr 100
October 1989
102 18.45535 122.15468 | 1.310 0.30 -1.01 TS Tasing/ 5Yr 100
October 1989
103 18.45569 122.15233 | 0.560 0.00 -0.56 5Yr 100
104 18.45585 | 122.13945 | 0.120 0.20 0.08 TS Tasing/ 5Yr 100
October 1989
105 18.45614 | 122.15132 | 0.520 0.00 -0.52 5Yr 100
106 18.45650 | 122.13986 | 0.440 0.10 -0.34 TS Tasing/ 5Yr 100
October 1989
107 18.45668 | 122.15001 | 0.220 0.00 -0.22 5Yr 100
108 18.45693 | 122.17515 | 0.390 0.00 -0.39 5Yr 100
109 18.45729 122.14292 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989
110 18.45730 | 122.14107 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989
111 18.45756 | 122.14796 | 0.030 0.00 -0.03 5Yr 100
112 18.45756 | 122.14033 | 0.550 0.40 -0.15 TS Tasing/ 5Yr 100
October 1989
113 18.45769 122.14281 | 0.040 0.00 -0.04 5Yr 100
114 18.45794 | 122.17442 | 0.390 0.00 -0.39 5Yr 100
115 18.45787 | 122.14727 | 0.030 0.00 -0.03 5Yr 100
116 18.45796 122.14285 | 0.060 0.00 -0.06 5Yr 100
117 18.45825 | 122.14304 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989
118 18.45832 | 122.14629 | 0.030 0.00 -0.03 5Yr 100
119 18.45870 | 122.14254 | 0.030 0.00 -0.03 5Yr 100
120 18.45875 122.14176 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989
121 18.45898 | 122.14475 | 0.100 0.00 -0.10 5Yr 100




Point | Validation Coordinates | Model | Validation | Error (m) Event/Date Return
Number Lat Long Var points Period
(m) (m) of Event

122 18.45916 | 122.14198 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

123 18.45938 | 122.14383 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989

124 18.45949 | 122.14227 | 0.030 0.00 -0.03 5Yr 100

125 18.45955 122.14217 | 0.030 0.00 -0.03 5Yr 100

126 18.45986 | 122.14267 | 0.060 0.10 0.04 TS Tasing/ 5Yr 100
October 1989

127 18.46020 | 122.14247 | 0.030 0.00 -0.03 5Yr 100

128 | 18.46037 | 122.14253 | 0.030 | 0.20 0.17 TSTasing/ | 5Yr | 100
October 1989

129 18.46080 | 122.17256 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

130 18.46111 | 122.14283 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

131 18.46160 122.14306 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

132 18.46166 122.14309 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

133 18.46175 | 122.14149 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989

134 18.46182 | 122.14291 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

135 18.46186 | 122.14307 | 0.030 0.00 -0.03 5Yr 100

136 18.46207 | 122.14298 | 0.040 0.20 0.16 TS Tasing/ 5Yr 100
October 1989

137 18.46211 | 122.14330 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

138 18.46225 122.17054 | 0.030 0.00 -0.03 5Yr 100

139 18.46223 | 122.14296 | 0.080 0.20 0.12 TS Tasing/ 5Yr 100
October 1989

140 18.46252 | 122.14236 | 0.210 0.20 -0.01 TS Tasing/ 5Yr 100
October 1989

141 18.46273 | 122.14358 | 0.030 0.20 0.17 TS Tasing/ 5Yr 100
October 1989

142 18.46274 122.14181 | 0.030 0.30 0.27 TS Tasing/ 5Yr 100
October 1989

143 18.46330 | 122.16809 | 0.030 0.10 0.07 TS Tasing/ 5Yr 100
October 1989

144 18.46339 | 122.14387 | 0.030 0.30 0.27 TS Tasing/ 5Yr 100
October 1989

145 18.46349 122.14244 | 0.270 0.00 -0.27 5Yr 100

146 18.46396 | 122.14414 | 2.490 0.00 -2.49 5Yr 100

147 18.46417 | 122.16612 | 0.030 0.00 -0.03 Syr 100

148 18.46519 | 122.14436 | 0.030 0.30 0.27 TS Tasing/ Syr 100

October 1989




Point | Validation Coordinates | Model | Validation | Error (m) Event/Date Return
Number Lat Long Var points Period
(m) (m) of Event

149 18.46569 | 122.15716 | 0.030 0.20 0.17 TS Tasing/ Syr 100
October 1989

150 18.46581 | 122.14427 | 0.540 0.50 -0.04 TS Tasing/ Syr 100
October 1989

151 18.46611 | 122.14540 | 0.030 0.00 -0.03 Syr 100

152 18.46625 122.16541 | 0.030 0.30 0.27 TS Tasing/ Syr 100
October 1989

153 18.46644 | 122.14443 | 0.110 0.20 0.09 TS Tasing/ Syr 100
October 1989

154 18.46665 | 122.15396 | 0.570 0.10 -0.47 TS Tasing/ Syr 100
October 1989

155 18.46699 | 122.14599 | 0.030 0.10 0.07 TS Tasing/ Syr 100
October 1989

156 18.46728 | 122.16003 | 0.560 0.10 -0.46 TS Tasing/ Syr 100
October 1989

157 18.46741 | 122.16306 | 0.120 0.40 0.28 TS Tasing/ Syr 100
October 1989

158 18.46742 122.14523 | 0.100 0.10 0.00 TS Tasing/ Syr 100
October 1989

159 18.46833 122.14555 | 0.040 0.00 -0.04 Syr 100

160 18.46842 | 122.15093 | 1.700 0.10 -1.60 TS Tasing/ Syr 100
October 1989

161 18.4689 122.14451 | 0.030 0.10 0.07 TS Tasing/ Syr 100
October 1989

162 18.46915 122.14735 | 0.030 0.00 -0.03 Syr 100

163 18.4693 122.14403 | 0.030 0.20 0.17 TS Tasing/ Syr 100
October 1989

164 18.46959 | 122.14657 | 0.030 0.10 0.07 TS Tasing/ Syr 100
October 1989

165 18.46997 122.14805 | 0.160 0.10 -0.06 TS Tasing/ Syr 100
October 1989

166 18.47026 | 122.14773 | 0.030 0.10 0.07 TS Tasing/ Syr 100
October 1989

167 18.47032 | 122.14557 | 0.550 0.40 -0.15 TS Tasing/ Syr 100
October 1989

168 18.47169 | 122.14913 | 1.350 0.30 -1.05 TS Tasing/ Syr 100
October 1989

169 18.47232 122.17114 | 1.010 0.00 -1.01 Syr 100

170 18.47239 | 122.17136 | 1.360 0.00 -1.36 Syr 100

171 18.47316 | 122.17181 | 0.130 2.00 1.87 TS Tasing/ Syr 100
October 1989

172 18.47338 122.1719 0.030 1.00 0.97 TS Tasing/ Syr 100
October 1989

173 18.47388 | 122.17198 | 0.490 0.20 -0.29 TS Tasing/ Syr 100
October 1989

174 18.47397 | 122.17213 | 0.190 0.50 0.31 TS Tasing/ Syr 100

October 1989




Point | Validation Coordinates | Model | Validation | Error (m) Event/Date Return
Number Lat Long Var points Period
(m) (m) of Event
175 18.47425 122.1709 | 0.250 0.30 0.05 TS Tasing/ Syr 100
October 1989
176 18.47518 122.1514 | 0.030 0.00 -0.03 Syr 100
177 18.47573 122.17283 | 1.590 0.10 -1.49 TS Tasing/ Syr 100
October 1989
178 18.4767 122.15246 | 0.030 0.00 -0.03 Syr 100
179 18.47737 | 122.17334 | 0.030 1.00 0.97 TS Tasing/ Syr 100
October 1989
180 18.47734 | 122.15282 | 0.030 0.00 -0.03 Syr 100
181 18.47752 122.17413 | 0.040 0.00 -0.04 Syr 100
182 18.47758 | 122.17262 | 0.040 0.00 -0.04 Syr 100
183 18.47852 | 122.17594 | 0.030 0.30 0.27 TS Tasing/ Syr 100
October 1989
184 18.47865 122.17671 | 0.570 0.30 -0.27 TS Tasing/ Syr 100
October 1989
185 18.4787 122.17108 | 0.550 0.00 -0.55 Syr 100
186 18.47888 | 122.17825 | 0.620 0.00 -0.62 Syr 100
187 18.47929 | 122.18116 | 1.180 0.00 -1.18 Syr 100
188 18.47994 122.17189 | 0.040 0.00 -0.04 Syr 100
189 18.4807 122.1731 | 0.490 0.10 -0.39 TS Tasing/ Syr 100
October 1989
190 18.48078 | 122.18345 | 0.670 0.20 -0.47 TS Tasing/ Syr 100
October 1989
191 18.48075 122.15185 | 0.540 0.40 -0.14 TS Tasing/ Syr 100
October 1989
192 18.48117 | 122.15328 | 0.240 0.30 0.06 TS Tasing/ Syr 100
October 1989
193 18.48119 | 122.15512 | 0.210 0.10 -0.11 TS Tasing/ Syr 100
October 1989
194 18.48138 | 122.15532 | 0.260 1.00 0.74 1978 Typhoon | 5yr 100
195 18.48158 122.15374 | 0.200 0.20 0.00 TS Tasing/ Syr 100
October 1989
196 18.4818 122.17404 | 0.030 0.00 -0.03 Syr 100
197 18.48296 122.1738 | 0.300 0.10 -0.20 TS Tasing/ Syr 100
October 1989
198 18.48292 122.15567 | 0.030 0.20 0.17 TS Tasing/ Syr 100
October 1989
199 18.483 122.15386 | 0.400 0.30 -0.10 TS Tasing/ Syr 100
October 1989
200 18.48304 | 122.15536 | 0.060 0.00 -0.06 Syr 100
201 18.48366 122.1531 | 0.660 0.60 -0.06 TS Tasing/ Syr 100
October 1989
202 18.48387 122.15473 | 0.040 0.20 0.16 TS Tasing/ Syr
October 1989
203 18.48444 | 122.17434 | 0.210 0.00 -0.21 Syr
204 18.48446 | 122.15537 | 2.450 0.00 -2.45 Syr




Point | Validation Coordinates | Model | Validation | Error (m) Event/Date Return
Number Lat Long Var points Period
(m) (m) of Event

205 18.48468 | 122.17287 | 0.030 0.00 -0.03 Syr 100

206 18.48486 | 122.17124 | 0.04 0.00 -0.04 Syr 100

207 18.48561 | 122.16791 | 0.03 0.00 -0.03 Syr 100

208 18.48684 | 122.16628 0.05 0.10 0.05 TS Tasing/ Syr 100
October 1989

209 18.48761 | 122.16428 | 0.03 0.00 -0.03 Syr 100

210 18.48837 | 122.16253 | 0.06 0.00 -0.06 Syr 100

211 18.48929 | 122.15454 0.03 0.00 -0.03 Syr 100

212 18.4894 | 122.16069 | 0.37 0.00 -0.37 Syr 100

213 18.48943 | 122.16184 | 0.03 0.20 0.17 TS Tasing/ Syr 100
October 1989

214 18.49028 | 122.15903 0.03 0.20 0.17 TS Tasing/ Syr 100
October 1989

215 18.49175 | 122.15699 0.21 0.40 0.19 TS Tasing/ Syr 100
October 1989

216 18.4937 | 122.15511 | 0.13 0.60 0.47 TS Tasing/ Syr 100
October 1989

217 18.49534 | 122.15361 | 0.03 0.60 0.57 TS Tasing/ Syr 100
October 1989

218 18.49685 | 122.15082 0.27 0.10 -0.17 TS Tasing/ Syr 100
October 1989

219 18.49696 | 122.15286 | 0.14 0.00 -0.14 Syr 100

220 18.49776 | 122.15085 | 0.09 0.10 0.01 TS Tasing/ Syr 100
October 1989

221 18.49854 122.1509 0.09 0.00 -0.09 Syr 100

222 18.49878 | 122.15119 | 0.03 0.00 -0.03 Syr 100

223 18.49938 | 122.15194 | 0.03 0.00 -0.03 Syr 100

224 18.49974 | 122.15142 | 0.03 0.00 -0.03 Syr 100

225 18.50169 | 122.15177 0.03 0.00 -0.03 Syr 100

226 18.50274 | 122.15191 | 0.03 0.00 -0.03 Syr 100




Annex 12. Educational Institutions Affected by Flooding in Tangatan Floodplain

Table A-12.1 Educational Institutions in Loay, Bohol Affected by flooding in Tangatan Floodplain

Cagayan
Santa Ana
Building Name Barangay Rainfall Scenario
5-year 25-year 100-year
CASAGAN ELEMENTARY SCHOOL Casagan Medium High High
DAY CARE CENTER Centro Medium | Medium | Medium
STA ANA CENTRAL SCHOOL Centro Low Low Medium
STA. ANA FISHERY HIGH SCHOOL Centro Low Low
THE PROMISED LAND CHRISTIAN SCHOOL Centro
DUNGEG DAY CARE CENTER Dungeg
DUNGEG ELEMENTARY SCHOOL Dungeg Low Low Low
MAREDE ELEMENARY SCHOOL Marede Medium | Medium Medium
PALAWIG DAY CARE CENTER Palawig Low Low Low
PALAWIG ELEMENTARY SCHOOL Palawig Medium | Medium High
STA. CLARA ELEMENTARY SCHOOL Santa Clara Low Medium High
ST. ANTHONY COLLEGE Santa Cruz Medium | Medium | Medium
TANGATAN ELEMENTARY SCHOOL Tangatan
VISITACION ELEMENTARY SCHOOL Visitacion Low Medium [ Medium




Annex 13. Health Institutions affected by flooding in Tangatan Floodplain

Table A-13.1. Health Institutions affected by flooding in Tangatan Floodplain

Cagayan
Santa Ana
Building Name Barangay Rainfall Scenario
5-year 25-year 100-year
MAIN HEALTH CENTER Centro
STA. ANA MUNICIPAL HOSPITAL Centro Low Low Low
BARANGAY HEALTH CENTER Dungeg
PALAWIG HEALTH CARE CENTER Palawig Low Low Medium
MEMORIAL FOUNDATION HOSPITAL Santa Cruz
BARANGAY HEALTH CENTER Tangatan




