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CHAPTER 1: OVERVIEW OF THE PROGRAM AND
HINATUAN RIVER

Enrico C. Paringit, Dr. Eng., Meriam Makinano-Santillan Jared P. Culdora, Jojene R. Santillan
Arthur A. Amora

1.1 Background of the Phil-LiDAR 1 Program

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

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

The implementing partner university for the Phil-LiDAR 1 Program is the Caraga State University (CSU).
CSU is in charge of processing LiDAR data and conducting data validation reconnaissance, cross section,
bathymetric survey, validation, river flow measurements, flood height and extent data gathering, flood
modeling, and flood map generation for the twelve (12) river basins in the Caraga Region. The university is
located in Butuan City in the province of Agusan del Norte.
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1.2 Overview of the Hinatuan River Basin

The Hinatuan River Basin covers the Municipalities of Hinatuan and Tagbina in the province of Surigao del
Sur, and the Municipality of Rosario in the province of Agusan del Sur. The Department of Environment and
Natural Resources (DENR) River Basin Control Office (RBCO) identified the basin to have a drainage area of
344 km? and an estimated 688 million cubic meter (MCM) annual run-off (RBCO, 2015).

126 OOE 125200

Lgrlreg ||
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Figure 1. Location map of the Hinatuan River Basin (in brown)

The Hinatuan River Basin is located in the eastern portion of the Island of Mindanao, Philippines. It lies
generally at 126002’ to 126018’ east longitude and 8023’ to 8033’ north latitude. It includes a major
part of the Municipalities of Tagbina, Hinatuan and Barobo and small area of Lianga in Surigao del Sur,
and of the Municipalities of San Francisco and Rosario in Agusan del Sur. The basin covers an area of
approximately 417 square kilometers, and is about 25 kilometers long from north to south and averages
about 33 kilometers in width from east to west.

The Hinatuan River is the principal drainageway of the basin and is divided into two outlets in which the
junction of the two outlets is located at the boundary of Barangay Bitoon, Barangay Tiwi and Barangay
Dugmanon in the Municipality of Hinatuan, Surigao del Sur and approximately 1.2 kilometers southeast of
Dugmanon Bridge. From the junction, the first drainageway drains through Barangay Tiwi and the second
drainageway pass through the municipal proper of Hinatuan, Surigao del Sur. It has one tributary river
which can be traced at Barangay Bitoon, Hinatuan, Surigao del Sur, located at the southeast portion of the
basin, and meets the Hinatuan River at a junction between the boundary of Barangay Bitoon and Barangay
Tiwi, Hinatuan, Surigao del Sur and approximately 2 kilometers southeast of Dugmanon bridge. From this
junction, Hinatuan River flows towards Hinatuan Bay at a distance of approximately 3.5 kilometers. At this
portion, the river channel is wide and is navigable by motor boats.

tThe basin’s highest point is at 452 meters above mean sea level situated along the mountain ridges of
Barangay Tambis, Municipality of Barobo, Surigao del Sur . The most abundant soil type in the basin based
on maps published by the Department of Agriculture is clay loam which accounts for 97% of the basin’s

2
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The climate of the basin is Type Il which is characterized by no dry season but with a very pronounced
precipitation period generally during November to January. The seasonal precipitation distribution, which
is similar to that of the nearby Agusan River Basin, is caused primarily by the three main seasonal winds
that pass through it. The northeast monsoon passes during the period from October to January, the trade
wind with an east to southeast direction from February to April, and the southwest monsoon for the rest
of the year .
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CHAPTER 2: LIDAR DATA ACQUISITION OF THE
HINATUAN FLOODPLAIN

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

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

2.1 Flight Plans

To initiate the LiDAR acquisition survey of the Hinatuan Floodplain, the Data Acquisition Component (DAC)
created flight plans within the delineated priority area for the Hinatuan floodplain in Surigao del Sur. These
missions were planned for fourteen (14) lines, and ran for at most four and a half (4.5) hours including
take-off, landing and turning time. The Aquarius LiDAR system was used for the survey (See ANNEX 1 for
the sensor specifications). The flight planning parameters for the LiDAR system are found in . shows the
flight plan for the Hinatuan floodplain survey.

Table 1. Flight planning parameters for Aquarius LiDAR system

Fly.ing Overlap Field of Rez::'is;on Sean Average Avera.ge
Bechi o (:e;fg:) (%) View (6) = Frequency Fre?::)ncy Speed (kts) '(I':nrir:‘:;r;t;
(PRF) (KHz)
BLK65H 600 40 36 50 45 120 5
BLK66E 500,600 30 36 50 45 120 5
BLK66G 500,600 30 36 50 45 120 5
BLK66K 500 45 40 50 40 120 5
BLK66L 600 40,45 36 50 45 120 5
BLK66M 600 40 36 50 45 120 5
BLK66N 600 40 36 50 45 120 5
BLK660 600 40 36 50 45 120 5
BLK66P 600 40 36 50 45 120 5
BLK66Q 600 40 36 50 45 120 5
BLK66R 500,600 40 36 50 45 120 5
BLK66S 600 40 36 50 45 120 5
BLK66T 600 40,45 36 50 45 120 5
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Figure 2. Flight plans and base stations used to cover the Hinatuan floodplain survey.
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2.2 Ground Base Stations

The field team for this undertaking was able to recover eight (8) NAMRIA horizontal ground control points:
SRS-53, SRS-56, SRS-57, SRS-58, SRS-60, SRS-61, SRS-63, and SRS-68, which are all of second (2nd) order
accuracy. Two (2) NAMRIA benchmarks were recovered: SS-124 and SS-201, which are both of first (1st)
order accuracy. These benchmarks were used as vertical reference points, and were also established as
ground control points. The certifications for the NAMRIA reference points and benchmarks are found in
ANNEX 2, while the baseline processing reports for the established control points are presented in ANNEX
3. These were used as base stations during flight operations for the entire duration of the survey, held
on July 4-August 1, 2014 and August 3-September 5, 2014. The Base stations were observed using dual
frequency GPS receivers, TRIMBLE SPS 852 and SPS 985. Flight plans and location of base stations used
during the aerial LiDAR acquisition in Hinatuan floodplain are shown in Figure 2. The composition of the
project team is found in ANNEX 4.

Figure 3 to Figure 12 exhibit the recovered NAMRIA reference points within the area. Table 2 to Table 11
indicate the details about the following NAMRIA control stations and established points, while Table 12
lists all ground control points occupied during the acquisition with the corresponding dates of utilization.
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{a)

Figure 3. GPS set-up over SRS-56 recovered on the east side of the ground corner of the flagpole of Barobo Town
Site Elementary School in Barangay Poblacion, Barobo, Surigao Del Sur (a) and NAMRIA reference point SRS-56
(b) as recovered by the field team.

Table 2. Details of the recovered NAMRIA horizontal control point SRS-56 used as base station for the LiDAR

acquisition.
Station Name SRS-56
Order of Accuracy 2"
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8°31' 39.52861” North
Philippine Reference of 1992 Datum Longitude 126° 7' 4.08061" East
(PRS 92) Ellipsoidal Height 36.22400 meters
_ Grid Coordinates, Easting 623069.127 meters
Philippine Transverse Mercator Zone 5 Northin 943079391 meters
(PTM Zone 5 PRS 92) & '
Geographic Coordinates, Latitude 8° 31’ 36.06400” North
World Geodetic System 1984 Datum Longitude 126° 7' 9.46645"” East
(WGS 84) Ellipsoidal Height 107.36300 meters
. Grid Coordinates, Easting 182673.15 meters
Universal Transverse Mercator Zone 51 North Northin 943755.61 meters
(UTM 51N PRS 1992) & '
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Figure 4. GPS set-up over SRS-57 located on the concrete ground corner of the flagpole of Talisay Elementary
School in Brgy. Talisay , Hinatuan (a) and NAMRIA reference point SRS-57 (b) as recovered by the field team.

Table 3. Details of the recovered NAMRIA horizontal control point SRS-57 used as base station for the LiDAR

acquisition.
Station Name SRS-57
Order of Accuracy 2nd
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8° 27 1.69252” North
Philippine Reference of 1992 Datum Longitude 126° 21’ 8.66908" East
(PRS 92) Ellipsoidal Height 26.14400 meters
_ Grid Coordinates, Easting 648933.286 meters
Philippine Transverse Mercator Zone 5 Northin 934625.002 meters
(PTM Zone 5 PRS 92) 8 '
Geographic Coordinates, Latitude 8° 26’ 58.26936"” North
World Geodetic System 1984 Datum Longitude 126° 21’ 14.05931” East
(WGS 84) Ellipsoidal Height 98.02200 meters



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

Figure 5. GPS set-up over SRS-58 recovered on the concrete ground of the flagpole of Maglambing Flementary
School in Brgy. Maglambing, Tagbina, Surigao Del Sur (a) and NAMRIA reference point SRS-58 (b) as recovered
by the field team.

Table 4. Details of the recovered NAMRIA horizontal control point SRS-58 used as base station for the LiDAR

acquisition.
Station Name SRS-58
Order of Accuracy 2nd
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8° 25’ 30.89446"” North
Philippine Reference of 1992 Datum Longitude 126° 11’ 37.55708" East
(PRS 92) Ellipsoidal Height 10.93400 meters
_ Grid Coordinates, Easting 631468.821 meters
Philippine Transverse Mercator Zone 5 Northin 931778.214 meters
(PTM Zone 5 PRS 92) 8 '
Geographic Coordinates, Latitude 8° 25’ 27.46381” North
World Geodetic System 1984 Datum Longitude 126° 11’ 42.95134" East
(WGS 84) Ellipsoidal Height 82.47300 meters
Grid Coordinates, Easting 190961.53 meters

Universal Transverse Mercator Zone 51 North

(UTM 51N PRS 1992) Northing 932360.98 meters
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Figure 6. GPS set-up over SRS-60 as recovered inside Brgy. Sta Cruz health center, on the corner near the bamboo
fence (a) NAMRIA reference point SRS-60 (b) as recovered by the field team.

Table 5. Details of the recovered NAMRIA horizontal control point SRS-60 used as base station for the LiDAR

acquisition.
Station Name SRS-60
Order of Accuracy 2nd
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8° 15’ 26.63928” North
Philippine Reference of 1992 Datum Longitude 126° 17’ 56.66192" East
(PRS 92) Ellipsoidal Height 83.08300 meters
_ Grid Coordinates, Easting 643129.132 meters
Philippine Transverse Mercator Zone 5 Northin 913248.992 meters
(PTM Zone 5 PRS 92) 8 '
Geographic Coordinates, Latitude 8°15’ 23.26276” North
World Geodetic System 1984 Datum Longitude 126° 18’ 2.07013" East
(WGS 84) Ellipsoidal Height 155.22600 meters

10
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Figure 7. GPS set-up over SRS-61 as recovered on the open field about 100m away from the flagpole of Mone
National High School in Brgy. Mone, Bislig, Surigao Del Sur (a) and NAMRIA reference point SRS-61 (b) as
recovered by the field team.

Table 6. Details of the recovered NAMRIA horizontal control point SRS-61 used as base station for the LiDAR

acquisition.
Station Name SRS-61
Order of Accuracy 25
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8° 9’ 52.82479” North
Philippine Reference of 1992 Datum Longitude 126° 16’ 5.42126" East
(PRS 92) Ellipsoidal Height 2.46400 meters
e Grid Coordinates, Easting 639590.647 meters
Philippine Transverse Mercator Zone 5 Northin 902980.994 meters
(PTM Zone 5 PRS 92) & '
Geographic Coordinates, Latitude 8° 9’ 49.47002” North
World Geodetic System 1984 Datum Longitude 126° 16’ 5.42126" East
(WGS 84) Ellipsoidal Height 74.71500meters
Grid Coordinates, Easting 198797.23 meters

Universal Transverse Mercator Zone 51 North

(UTM 51N PRS 1992) Northing 903466.77 meters

11
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{a}

Figure 8. GPS set-up over SRS-63 located 4 kms to the junction of the road of San Antonio in Brgy. Sitio Pagmam-
am, Bislig, Surigao Del Sur (a) and NAMRIA reference point SRS-63 (b) as recovered by the field team.

Table 7. Details of the recovered NAMRIA horizontal control point SRS-63 used as base station for the LiDAR

acquisition.
Station Name SRS-63
Order of Accuracy 2nd
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8°8'0.61702” North
Philippine Reference of 1992 Datum Longitude 126° 20’ 25.46527” East
(PRS 92) Ellipsoidal Height 89.36100 meters
_ Grid Coordinates, Easting 647729.756 meters
Philippine Transverse Mercator Zone 5 Northin 899559 567 meters
(PTM Zone 5 PRS 92) 8 '
Geographic Coordinates, Latitude 8° 7' 57.27724” North
World Geodetic System 1984 Datum Longitude 126° 20’ 30.88421" East
(WGS 84) Ellipsoidal Height 161.85800 meters
Universal Tranf\::adrs(;OIS/lr:rI::ttc?rs’Zone 51 North Easting 206906.01 meters
Northing 899963.22 meters

(UTM 51N PRS 1992)

12
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Figure 9. GPS set-up over SRS-68 located in front of the concrete foundation of flagpole of San Roque Elementary
School in Brgy. San Roque, Barobo, Surigao Del Sur (a) and NAMRIA reference point SRS-68 (b) as recovered by
the field team.

Table 8. Details of the recovered NAMRIA horizontal control point SRS-68 used as base station for the LiDAR

Acquisition.
Station Name SRS-68
Order of Accuracy 25
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8°31' 4.13752” North
Philippine Reference of 1992 Datum Longitude 126° 11’ 54.80630” East
(PRS 92) Ellipsoidal Height 144.36800 meters
e Grid Coordinates, Easting 631965.017 meters
Philippine Transverse Mercator Zone 5 Northin 942018.662 meters
(PTM Zone 5 PRS 92) & :
Geographic Coordinates, Latitude 8°31’ 0.68280” North
World Geodetic System 1984 Datum Longitude 126° 12’ 0.19207” East
(WGS 84) Ellipsoidal Height 215.72700 meters
. Grid Coordinates, Easting 191563.45 meters
Universal Transverse Mercator Zone 51 North Northin 942602.08 meters
(UTM 51N PRS 1992) & '

13
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Figure 10. GPS set-up over SS-124 located at the second approach of Bislig bridge in Bislig, Surigao Del Sur (a)
and NAMRIA reference point SS-124 (b) as recovered by the field team.

Table 9. Details of the recovered NAMRIA vertical control point SS-124 used as base station for the LiDAR
acquisition with established coordinates.

Station Name
Order of Accuracy
Relative Error (horizontal positioning)

Geographic Coordinates,
Philippine Reference of 1992 Datum
(PRS 92)

Grid Coordinates,
Philippine Transverse Mercator Zone 5
(PTM Zone 5 PRS 92)

Geographic Coordinates,
World Geodetic System 1984 Datum
(WGS 84)

Grid Coordinates,
Universal Transverse Mercator Zone 51 North
(UTM 51N PRS 1992)

$S-124
an
1in 50,000
Latitude 8°13’07.07644” North
Longitude 126°18’24.14659” East

Ellipsoidal Height 3.637 meters

Easting 864399.325 meters
Northing 909915.188 meters
Latitude 8°13’03.71089” North

Longitude 126°18'29.55827” East

Ellipsoidal Height 80.77 meters

1085282.295meters
911895.258meters

Easting
Northing

14
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Figure 11. GPS Set-up over BMSS-201

Table 10. Details of the recovered NAMRIA benchmark BMSS-201 used as base station for the LiDAR acquisition.

Station Name BMSS-201
Order of Accuracy 2nd
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8°46'03.02195”
Philippine Reference of 1992 Datum Longitude 126°14’07.03352"
(PRS 92) Ellipsoidal Height 72.180 meters
_ Grid Coordinates, Easting 856009.096 meters
Philippine Transverse Mercator Zone 5 Northin 970681752 meters
(PTM Zone 5 PRS 92) & '
Geographic Coordinates, Latitude 8°46'03.02195”
World Geodetic System 1984 Datum Longitude 126°14’07.03352"
(WGS 84) Ellipsoidal Height 72.180 meter3

15
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(a) Figure 12. GPS Set-up over SRS-53

Table 11. Details of the recovered NAMRIA horizontal control point SRS-53 used as base station for the LiDAR

acquisition.
Station Name SRS-53
Order of Accuracy 28
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8° 44’ 37.87784”
Philippine Reference of 1992 Datum Longitude 126° 13’ 16.64511”
(PRS 92) Ellipsoidal Height -1.34900 meters
_ Grid Coordinates, Easting 414316.026 meters
Philippine Transverse Mercator Zone 5 Northin 966899.682 meters
(PTM Zone 5 PRS 92) g '
Geographic Coordinates, Latitude 8° 44’ 34.36515” North
World Geodetic System 1984 Datum Longitude 126° 13’ 22.01039” East
(WGS 84) Ellipsoidal Height 69.59300 meters
Grid Coordinates, Easting 194250.44 meters

Universal Transverse Mercator Zone 51 North

(UTM 51N PRS 1992) Northing 967600.49 meters

16
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Table 12. Ground control points used during LiDAR data acquisition.

Date Surveyed Flight Number Mission Name Ground Control Points
21-JUL-14 1728A 3BLK65H202B SRS-53 and SS-201
22-JUL-14 1730A 3BLK65HS203A SRS-53 and SS-201
4-Aug-14 1782A 3BLK66F216A SRS-60 and SS-124
5-Aug-14 1788A 3BLK66EGS217B SRS-60 and SS-124
6-Aug-14 1790A 3BLK66M218A SRS-57 and SRS-60
7-Aug-14 1794A 3BLK66LMS219A SRS-57 and SRS-60
7-Aug-14 1796A 3BLK66LSJS219B SRS-57 and SRS-60
8-Aug-14 1798A 3BLK66N220A SRS-57 and SRS-60
8-Aug-14 1800A 3BLK660220B SRS-57 and SRS-60
9-Aug-14 1804A 3BLK660SP221B SRS-57 and SRS-60
11-Aug-14 1810A 3BLK66PSQ223A SRS-57 and SRS-60
11-Aug-14 1812A 3BLK66QS223B SRS-57 and SRS-60
12-Aug-14 1814A 3BLK66KR224A SRS-56 and SRS-57
12-Aug-14 1816A 3BLK66RS224B SRS-56 and SRS-57
14-Aug-14 1822A 3BLK66S226A SRS-56 and SRS-57
18-Aug-14 1838A 3BLK66SS230A SRS-56 and SRS-68
19-Aug-14 1842A 3BLK66T231A SRS-56 and SRS-68
5-Sep-14 1912A 3BLK66RS248B SRS-56, SRS-58, SRS-61

and SRS-63
7-Sep-14 1918A 3BLK66RS250A SRS-56 and SRS-58
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2.3 Flight Missions

A total of nineteen (19) flight missions were conducted to complete the LiDAR data acquisition in the
Hinatuan floodplain, for a total of seventy-two hours and twenty-three minutes (72+23) of flying time for
RP-C9122. All missions were acquired using the Aquarius LiDAR system. Table 13 shows the total area of
actual coverage for each mission, and the corresponding flying hours per mission. Table 14 presents the
actual parameters used during the LiDAR data acquisition. ANNEX 6 shows the flight logs for the missions.

Table 13. Flight missions for LiDAR data acquisition in Hinatuan floodplain.

. P Su?JZjed Flying Hours
Date Flight Flight Surveyed Sl.Jrv.eyed outside L LEC
Surveyed Number Rl I-\zrea Area (km?) within th'e the Images
(i) FIO(T(:':ZI)am Floodplain JRELIIEE] Hr Min
(km?)

21-JUL-14 1728A 46.40 27.57 0.47 350.75 216 2 53
22-JUL-14 1730A 46.40 50.79 4.99 346.23 652 3 35
4-Aug-14 1782A 57.37 85.47 5.53 345.69 870 3 53
5-Aug-14 1788A 94.33 101.46 17.08 334.14 884 3 53
6-Aug-14 1790A 83.09 97.77 51.09 300.13 902 4 17
7-Aug-14 1794A 165.32 124.02 51.63 299.59 664 4 23
7-Aug-14 1796A 169.34 155.12 20.93 330.29 1031 3 53

8-Aug-14 1798A 83.67 113.43 51.97 299.25 1089 4 5

8-Aug-14 1800A 80.88 74.67 22.65 328.57 652 3 5
9-Aug-14 1804A 168.51 93.40 31.42 319.80 911 4 23
11-Aug-14 1810A 172.53 140.33 72.08 279.14 237 4 23
11-Aug-14 1812A 84.90 67.55 35.49 315.73 570 2 41
12-Aug-14 1814A 175.94 100.77 2.16 349.06 1073 4 23

12-Aug-14 1816A 122.09 79.52 NA NA 0 3 5
14-Aug-14 1822A 131.10 87.15 26.63 324.59 112 3 53
18-Aug-14 1838A 131.10 109.42 52.66 298.56 1001 4 11
19-Aug-14 1842A 85.10 186.05 97.71 253.51 848 4 23
5-Sep-14 1912A 122.09 52.33 2.45 348.77 294 2 41
7-Sep-14 1918A 122.09 74.09 1.96 349.26 0 4 23
TOTAL 2142.25 1820.91 548.9 5773.06 12006 72 23
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Table 14. Actual parameters used during LiDAR data acquisition

Flight Fijng PRE Scan Average Avera.ge
Number Height Overlap (%) FOV () (KHz2) Frequency Speed Tur‘n Time
(m AGL) (Hz) (kts) (Minutes)
1728A 600 40 36 50 45 120 5
1730A 600 40 36 50 45 120 5
1782A 600 30 36 50 45 120 5
1788A 500,600 30 36 50 45 120 5
1790A 600 40 36 50 45 120 5
1794A 600 40 36 50 45 120 5
1796A 600 45 36 50 45 120 5
1798A 600 40 36 50 45 120 5
1800A 600 40 36 50 45 120 5
1804A 600 40 36 50 45 120 5
1810A 600 40 36 50 45 120 5
1812A 600 40 36 50 45 120 5
1814A 500 45 40 50 40 120 5
1816A 500 25 40 50 50 120 5
1822A 600 35,60 36 50 45 120 5
1838A 600 40 36 50 45 120 5
1842A 600 40,45 36 50 45 120 5
1912A 600 40 36 50 45 120 5
1918A 500,600 40 36 50 45 120 5
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2.4 Survey Coverage

This certain LiDAR acquisition survey covered the Hinatuan floodplain (See ANNEX 7 for the flight status
reports). The Hinatuan floodplain is located in the province of Surigao del Sur and Agusan del Sur with
majority of the floodplain situated within the municipality of Tagbina and Hinatuan. The Municipalities
of Hinatuan, Barobo and Tagbina are mostly covered by the survey. The list of municipalities and cities
surveyed, with at least one (1) square kilometer coverage, is shown in Table 15. The actual coverage of the
LiDAR acquisition for the Hinatuan floodplain is presented in Figure 13.

Table 15. List of municipalities and cities surveyed during the Hinatuan floodplain LiDAR survey.

province  Municipality/Cty A2 of Muniipality/ _ TotalArea - percentage of e
Rosario 452.81 108.13 23.88%
San Francisco 451.66 58.16 12.88%
Agusan del Sur
Trento 515.17 37.18 7.22%
Bunawan 608.49 14.5 2.38%
Hinatuan 238.31 236.08 99.06%
Barobo 194.07 191.93 98.89%
Surigao del Sur Tagbina 294.29 280.22 95.22%
Lianga 141.51 26.02 18.39%
Bislig City 269.88 37.23 13.8%
TOTAL 3,166.19 989.45 31.25%
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Figure 13. Actual LiDAR survey coverage for Hinatuan floodplain.
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CHAPTER 3: LIDAR DATA PROCESSING OF THE
HINATUAN FLOODPLAIN

Engr. Ma. Rosario Concepcion O. Ang, Engr. John Louie D. Fabila, Engr. Sarah Jane D. Samalburo,
Engr. Joida F. Prieto, Engr. Elainne R. Lopez, Engr. Jovelle Anjeanette S. Canlas, Engr. Irish R. Cortez,
Jovy Anne S. Narisma , Engr. Jommer M. Medina, and Myra Laika C. Estur

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

Using the elevation of points gathered 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 (DVBC). LiDAR
acquired temporally were then mosaicked to completely cover the target river systems in the Philippines.
Orthorectification of images acquired simultaneously with the LiDAR data was accomplished through the
help of the georectified point clouds and the metadata containing the time the image was captured.

These processes are summarized in the diagram shown in Figure 14.

[ Data Processing Component

l Y ) 4
[ Trajectory Computation ] /—)[ Point Cloud Classification DEM Editing
¥ ¥ L 4
[Poim Cloud Georectiﬁcation] [Onhophoto Rectiﬂcation] [ DEM Mosaicking]
A 4 L 4
[ LIDAR Data Quality Checking ]—-’ [ DEM Calibration ]

\J

[ Bathymetric Data ]

Integration

Figure 14. Schematic Diagram for Data Pre-Processing Component
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3.2 Transmittal of Acquired LiDAR Data

Data transfer sheets for all the LiDAR missions for the Hinatuan floodplain can be found in ANNEX 5.
Missions flown during the survey conducted in July 2014 used the Airborne LiDAR Terrain Mapper (ALTM™
Optech Inc.) Aquarius system over Surigao del Sur. The DAC transferred a total of 184.34 Gigabytes of
Range data, 4.085 Gigabytes of POS data, 294 Megabytes of GPS base station data, and 790.15 Gigabytes
of raw image data to the data server on September 9, 2014. The Data Pre-processing Component (DPPC)
verified the completeness of the transferred data. The whole dataset for Hinatuan was fully transferred on
October 1, 2014, as indicated on the Data Transfer Sheets for the Hinatuan floodplain.

3.3 Trajectory Computation

The Smoothed Performance Metric parameters of the computed trajectory for flight 1838A, one of the
Hinatuan flights, which are the North, East, and Down position RMSE values, are illustrated in Figure 15.
The x-axis corresponds to the time of flight, which is measured by the number of seconds from the midnight
of the start of the GPS week, which fell on August 18, 2014 00:00AM on that week. The y-axis is the RMSE
value for that particular position.
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Figure 15. Smoothed Performance Metric Parameters of a Hinatuan Flight 1838A.

The time of flight was from 95600 seconds to 106100 seconds, which corresponds to the morning of
August 18, 2014. The initial spike reflected on the data corresponds to the time that the aircraft was getting
into position to start the acquisition, and the POS system was starting to compute 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 corresponds to the turn-around period of the aircraft, when the aircraft makes a turn to start a new
flight line. Figure 15 shows that the North position RMSE peaks at 0.85 centimeters, the East position RMSE
peaks at 0.95 centimeters, and the Down position RMSE peaks at 2.65 centimeters, which are within the
prescribed accuracies described in the methodology.
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Figure 16. Solution Status Parameters of Hinatuan Flight 1838A.

The Solution Status parameters of flight 1838A, one of the Hinatuan flights, which are the number of GPS
satellites, Positional Dilution of Precision (PDOP), and the GPS processing mode used, are presented in
Figure 16. The graphs indicate that the number of satellites during the acquisition did not go down to six
(6). Majority of the time, the number of satellites tracked was between eight (8) and twelve (12). The
PDOP value did not go above the value of three (3), which indicates optimal GPS geometry. The processing
mode stayed at the value of zero (0) for majority of the survey, with some peaks up to three (3), attributed
to the turns performed by the aircraft. The value of zero (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 Hinatuan flights is shown in Figure 17.

R
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Figure 17. Best estimated trajectory conducted over the Hinatuan floodplain.
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3.4 LiDAR Point Cloud Computation

The produced LAS data contains 346 flight lines, with each flight line containing one (1) channel, since the
Aquarius system contains only one (1) channel. The summary of the self-calibration results obtained from
LiDAR processing in the LIDAR Mapping Suite (LMS) software for all flights over the Hinatuan floodplain are
given in Table 16.

Table 16. Self-Calibration Results values for Hinatuan flights.

Parameter Acceptable Value
Boresight Correction stdev

(<0.001degrees) 0.000688
IMU Attitude Correction Roll and Pitch Corrections stdev 0.000917
(<0.001degrees)

GPS Position Z-correction stdev

(<0.01meters) 0.0079

Optimum accuracy was obtained for all Hinatuan flights, based on the computed standard deviations of
the corrections of the orientation parameters. Standard deviation values for individual blocks are available
in the Mission Summary Reports in ANNEX 8.

3.5 LiDAR Data Quality Checking

The boundaries of the processed LiDAR data on top of a SAR Elevation Data over the Hinatuan floodplain is
illustrated in Figure 18. The map shows gaps in the LiDAR coverage that are attributed to cloud coverage.
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Figure 18. Boundaries of the processed LiDAR data over the Hinatuan Floodplain
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The total area covered by the Hinatuan missions is 1,257.76 sq.km, comprised of nineteen (19) flight
acquisitions grouped and merged into fifteen (15) blocks, as indicated in Table 17.

Table 17. List of LiDAR blocks for Hinatuan floodplain.

LiDAR Blocks Flight Numbers Area (sq. km)
1728A
SurigaodelSur_BIk65H 56.06
1730A
SurigaodelSur_BIk66E 1788A 68.25
1794A
SurigaodelSur_Blk66L 92.05
1796A
1790A
SurigaodelSur_Blk66M 88.21
1794A
SurigaodelSur_BIk66N 1798A 97.26
SurigaodelSur_Blk660 1800A 58.01
SurigaodelSur_BIk66P 1804A 79.03
1810A
SurigaodelSur_Blk66Q 171.96
1812A
i 1912A
SurigaodelSur_BIk66R_ 53.94
Supplement 1918A
1814A
SurigaodelSur_BIk66R 75.15
1816A
SurigaodelSur_BIk66T 1842A 68.75
1838A
SurigaodelSur_BIk66S 152.82
1822A
SurigaodelSur_BIk66T_Additional 1918A 68.67
SurigaodelSur_BIk66K 1814A 60.33
SurigaodelSur_BIk66F 1782A 67.27
TOTAL 1,257.76 sq.km

26



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

The overlap data for the merged LiDAR blocks, showing the number of channels that pass through a
particular location is presented in Figure 19. Since the Aquarius system employs only one (1) channel, it
is expected to have an average value of 1 (blue) for areas where there is limited overlap, and a value of 2
(yellow) or more (red) for areas with three or more overlapping flight lines.

Hinatuan|

1Mo T T

Figure 19. Image of data overlap for Hinatuan floodplain.

The overlap statistics per block for the Hinatuan floodplain can be found in ANNEX 8. It should be noted
that one pixel corresponds to 25.0 square meters on the ground. For this area, the minimum and maximum
percent overlaps are 31.54% and 61.86%, respectively, which satisfy the 25% requirement.

The pulse density map for the merged LiDAR data, with the red parts showing the portions of
the data that satisfy the 2 points per square meter criterion, is exhibited in Figure 20. It was
determined that all LiDAR data for the Hinatuan floodplain satisfy the point density requirement,
and that the average density for the entire survey area is 3.487 points per square meter.
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Figure 20. Pulse density map of merged LiDAR data for Hinatuan floodplain.

The elevation difference between overlaps of adjacent flight lines is shown in Figure 21. 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
were investigated further using the Quick Terrain Modeler software.
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Figure 21. Elevation difference map between flight lines for Hinatuan floodplain.
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A screen capture of the processed LAS data from a Hinatuan flight 1838A loaded in the QT Modeler is
shown in Figure 22. The upper left image shows the elevations of the points from two (2) overlapping
flight strips traversed by the profile, illustrated by a dashed red line. The x-axis corresponds to the length
of the profile. It is evident that there 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 became satisfactory. No
reprocessing was done for this LiDAR dataset.
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Figure 22. Quality checking for a Hinatuan flight 1838A using the Profile Tool of QT Modeler.

3.6 LiDAR Point Cloud Classification and Rasterization

Table 18. Hinatuan classification results in TerraScan.

Pertinent Class Total Number of Points
Ground 502,659,499
Low Vegetation 485,453,408
Medium Vegetation 1,237,061,289
High Vegetation 1,672,936,300
Building 69,136,577

The tile system that the TerraScan employed for the LiDAR data and the final classification image for a block
in the Hinatuan floodplain is illustrated in Figure 23. A total of 1,812 1km by 1km tiles were produced.
The number of points classified to the pertinent categories is indicated in Table 18. The point cloud has a
maximum and minimum height of 623.93 meters and 41.45 meters, respectively
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Figure 23. Tiles for Hinatuan 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 24. 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.

Figure 24. Point cloud before (a) and after (b) classification.
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The production of last return (V_ASCIl) and the secondary (T_ ASCIl) DTM, first (S_ ASCII), and last (D_
ASCII) return DSM of the area in top view display are presented in Figure 25. It shows that DTMs are
the representation of the bare earth, while the DSMs reflect all features present, such as buildings and
vegetation.

Figure 25. The production of last return DSM (a) and DTM (b), first return DSM (c) and secondary DTM (d) in
some portion of Hinatuan floodplain.
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3.7 LiDAR Image Processing and Orthophotograph Rectification

The 1,383 1km by 1lkm tiles area covered by the Hinatuan floodplain is shown in Figure 26. After
employing tie point selection to fix photo misalignments, color points were added to smoothen out visual
inconsistencies along the seam lines where photos overlap. The Hinatuan floodplain survey attained a
total of 833.86 sqg. km. in orthophotogaphic coverage, comprised of 10,653 images. Zoomed in versions of
sample orthophotographs named in reference to their tile numbers are provided in Figure 27.
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Figure 26. Hinatuan floodplain with available orthophotographs.

Figure 26. Hinatuan floodplain with available orthophotographs.
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3.8 DEM Editing and Hydro-Correction
Fifteen (15) mission blocks were processed for the Hinatuan flood plain. These are composed of
SurigaodelSur blocks, with a total area of 1,257.76 square kilometers. Table 19 indicates the name and

corresponding area of each block, in square kilometers.

Table 19. LiDAR blocks with its corresponding area.

LiDAR Blocks Area (sq.km)
SurigaodelSur_BIk65H 56.06
SurigaodelSur_BIk66E 68.25
SurigaodelSur_Blk66L 92.05
SurigaodelSur_Blk66M 88.21
SurigaodelSur_BIk66N 97.26
SurigaodelSur_Blk660 58.01
SurigaodelSur_BIk66P 79.03
SurigaodelSur_BIk66Q 171.96
SurigaodelSur_BIk66R_ 53.94

Supplement
SurigaodelSur_BIk66R 75.15
SurigaodelSur_BIk66T 68.75
SurigaodelSur_BIk66S 152.82
SurigaodelSur_BIk66T _ 68.67

Additional
SurigaodelSur_Blk66K 60.33
SurigaodelSur_BIk66F 67.27

TOTAL 1,257.76 sq.km

Portions of DTM before and after manual editing are shown in Figure 28. Hilly portions (Figure 28a) were
misclassified and removed during the classification process, and had to be retrieved to complete the
surface (Figure 28b) to allow for the correct flow of water. The bridge (Figure 28c) was also considered
to be an impedance to the flow of water along the river, and had to be removed (Figure 28d) in order to
hydrologically correct the river.
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Figure 28. Portions in the DTM of Hinatuan floodplain - hilly portions before (a) and after (b) data retrieval; and
a bridge before (c) and after (d) manual editing.

3.9 Mosaicking of Blocks

SurigaodelSur_BIk66M was used as the reference block at the start of mosaicking, as this block contains
national highway where the validation surveys traversed. Table 20 provides the area of each LiDAR block
and the shift values applied during mosaicking.

Mosaicked LiDAR DTM for the Hinatuan floodplain is shown in Figure 29. It can be seen that the entire
Hinatuan floodplain is 99.62% covered by LiDAR data.

Table 20. Shift Values of each LiDAR Block of the Hinatuan floodplain.

Shift Values (meters)
Mission Blocks
X y z
SurigaodelSur_BIk65H 0.00 0.00 1.48
SurigaodelSur_BIk66E 0.00 0.00 0.59
SurigaodelSur_BIk66L 0.00 0.00 -0.17
SurigaodelSur_BIk66N 0.00 0.00 0.20
SurigaodelSur_Blk660 0.00 0.00 0.04
SurigaodelSur_BIk66P 0.00 0.00 -0.18
SurigaodelSur_BIk66Q 0.00 0.00 -0.29
SurigaodelSur_BIk66R_Supplement 0.00 0.00 -0.30
SurigaodelSur_BIk66R 3.00 0.00 0.30
SurigaodelSur_BIk66T 0.00 0.00 0.08
SurigaodelSur_BIk66S 0.00 0.00 0.06
SurigaodelSur_BIk66T_Additional 0.00 0.00 0.08
SurigaodelSur_BIk66K 0.00 0.00 -0.18
SurigaodelSur_BIk66F 0.00 0.00 0.42
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Figure 29. Map of Processed LiDAR Data for the Hinatuan floodplain.
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3.10 Calibration and Validation of Mosaicked LIDAR DEM

To undertake the data validation of the Mosaicked LiDAR DEMs, the Data Validation and Bathymetry
Component (DVBC) conducted a validation survey along the Hinatuan floodplain. The extent of the
validation survey done by the DVBC in Hinatuan to collect points with which the LiDAR dataset was
validated is presented in Figure 30, with the validation survey points highlighted in green. A total of 6,051
survey points were used for calibration and validation of the Hinatuan LiDAR data. Random selection of
80% of the survey points, resulting in 4,841 points, was used for calibration. A good correlation between
the uncalibrated mosaicked LiDAR elevation values and the ground survey elevation values is reflected
in Figure 31. Statistical values were computed from extracted LiDAR values using the selected points to
assess the quality of data, and to obtain the value for vertical adjustment. The computed height difference
between the LiDAR DTM and calibration elevation values is 0.32 meters, with a standard deviation of 0.17
meters. Calibration of the Hinatuan LiDAR data was performed by adding the height difference value, 0.32
meters, to the Hinatuan mosaicked LiDAR data. Table 21 enumerates the statistical values of the compared
elevation values between the LiDAR data and the calibration data.
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Figure 30. Map of the Hinatuan floodplain, with validation survey points in green.
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LiDAR DTMyvs. Calibration Survey Points for
Hinatuan Flood Plain
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Figure 31. Correlation plot between calibration survey points and LiDAR data.
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Table 21. Calibration Statistical Measures.

Calibration Statistical Measures Value (meters)
Height Difference 0.32
Standard Deviation 0.17
Average 0.28
Minimum -0.06
Maximum 0.61

The remaining 20% of the total survey points, resulting in 1,210 points, was used for the validation of
calibrated Hinatuan DTM. A good correlation between the calibrated mosaicked LiDAR elevation values
and the ground survey elevation, which reflects the quality of the LiDAR DTM, is shown in Figure 32. The
computed RMSE between the calibrated LiDAR DTM and the validation elevation values is 0.16 meters,
with a standard deviation of 0.16 meters, as presented in Table 22.
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LIDAR DTMyvs. Validation Survey Points for
Hinatuan Flood Plain
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Figure 32. Correlation plot between validation survey points and LiDAR data.
Table 22. Validation Statistical Measures.

Calibration Statistical Measures Value (meters)
Height Difference 0.16
Standard Deviation 0.16
Average -0.04
Minimum -0.35
Maximum 0.27

39




LIDAR Surveys and Flood Mapping of Hinatuan River

3.11 Integration of Bathymetric Data into the LIDAR Digital Terrain Model

For bathy integration, centerline and zigzag data were available for Hinatuan, with 11,738 bathymetric
survey points. The resulting raster surface produced was done by employing the Kernel Interpolation with
Barriers interpolation method. After burning the bathymetric data to the calibrated DTM, assessment
of the interpolated surface is represented by the computed RMSE value of 0.10 meters. The extent of
the bathymetric survey executed by the DVBC in Hinatuan, integrated with the processed LiDAR DEM, is
illustrated in Figure 33.
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Figure 33. Map of the Hinatuan Floodplain with bathymetric survey points shown in blue.
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3.12 Feature Extraction

The features salient in flood hazard exposure analysis include buildings, road networks, bridges, and water
bodies within the floodplain area, with a 200-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,
comprised of main thoroughfares such as highways and municipal and barangay roads, are 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 Hinatuan floodplain, including its 200-m buffer zone, has a total area of 374.94 sq. km. For this area,
a total of 12.0 sq. km., corresponding to a total of 6,149 building features, were considered for quality
checking (QC). Figure 34 shows the QC blocks for the Hinatuan floodplain.
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Figure 34. Blocks (in blue) of Hinatuan building features that were subjected to QC.

Quality checking of Hinatuan building features resulted in the ratings given in Table 23.

Table 23. Quality Checking Ratings for Hinatuan Building Features.

Floodplain Completeness Correctness Quality Remarks

Hinatuan 95.39 99.56 80.37 PASSED

3.12.2 Height Extraction
Height extraction was done for 17,180 building features in the Hinatuan floodplain. Of these building

features, 1,295 buildings were filtered out after height extraction, resulting in 15,885 buildings with height
attributes. The lowest building height is at 2.00 m, while the highest building is at 5.87 meters.
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3.12.3 Feature Attribution

Field surveys, familiarity with the area, and free online web maps like Wikimapia (http://wikimapia.org/)
and Google Maps (https://www.google.com/maps), were used to gather information, such as the names
and types of the features within the river basin.

Table 24 summarizes the number of building features per type. Table 25 shows the total length of each
road type, while Table 26 indicates the number of water features extracted per type.

Table 24. Building Features Extracted for the Hinatuan Floodplain.

Facility Type No. of Features
Residential 15,697
School 164
Market

Agricultural/Agro-Industrial Facilities
Medical Institutions

Barangay Hall

Military Institution

Sports Center/Gymnasium/Covered Court
Telecommunication Facilities
Transport Terminal

Warehouse

Power Plant/Substation

NGO/CSO Offices

Police Station

Water Supply/Sewerage

Religious Institutions

Bank

Factory

Gas Station

Fire Station

Other Government Offices

O NPk OO kR kP OO OO O Fr O L OO 0 O k-

Other Commercial Establishments
Total 15,885

Table 25. Total Length of Extracted Roads for the Hinatuan Floodplain.

Road Network Length (km)
City/

Floodplain Barangay Municipal Provincial National Road Others Total
Road Road
Road
Hinatuan 319.44 18.06 198.45 67.22 36.52 639.69

Table 26. Number of Extracted Water Bodies for the Hinatuan Floodplain.

Water Body Type
Floodplai i Total
oodplain e Lakes/Ponds Sea Dam Fish Pen ota
Streams
Hinatuan 7 0 0 0 278 285

A total of sixty-five (65) bridges and culverts over small channels that are part of the river network were
also extracted for the floodplain.
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3.12.4 Final Quality Checking of Extracted Features

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

Figure 35 illustrates the Digital Surface Model (DSM) of the Hinatuan floodplain overlaid with its ground
features

EN 0T E

Figure 35. Extracted features for the Hinatuan floodplain.
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CHAPTER 4: LIDAR VALIDATION SURVEY AND
MEASUREMENTS OF THE HINATUAN RIVER BASIN

Engr. Louie P. Balicanta, Engr. Joemarie S. Caballero, Patrizcia Mae. P. dela Cruz, Engr. Dexter T. Lozano,
Engr. Kristine Ailene B. Borromeo, For. Dona Rina Patricia C. Tajora, Elaine Bennet Salvador,
and For. Rodel C. Alberto

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

4.1 Summary of Activities

The DVBC conducted field surveys in the Hinatuan River on August 24 — September 7, 2015. The scope of
work was comprised of: (i.) reconnaissance; (ii.) control point survey; (iii.) validation points acquisition of
about 262.899 km. covering the Hinatuan River Basin area; and (iv.) bathymetric survey from the river’s
upstream in Barangay Tagbobonga in the Municipality of Hinatuan to the mouth of the river located in
Barangay Benigno Aquino in the same Municipality, with an estimated length of 12.451 km using Ohmex™
single beam echo sounder and Trimble® SPS 882 GNSS PPK survey technique. A re-survey in the Hinatuan
River was conducted on May 19 — 22, 2016 for the cross-section survey at the Hinatuan Bridge and the
bathymetric surveys, to reconcile inconsistencies found in the elevation of the bathymetric and cross-
section data.
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Figure 36. Extent of the bathymetric survey (in blue) in the Hinatuan River and the LiDAR data validation survey
(in red)
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4.2 Control Survey

The GNSS network used for the Hinatuan River Basin is composed of seven (7) loops established on August
24, and September 5-6, 2015. The network occupies the following reference points: (i.) BMSS-130, a
first-order BM located in Barangay Mangagoy in Bislig City; (ii.) BMSS-160, a first-order BM located in
Barangay Gamut in the Municipality of Tago; (iii.) BMSS-99, a first-order BM located in Barangay Pocto
in the Municipality of Hinatuan; and (iv.) SRS-54, a second-order GCP located in Barangay Gata in the
Municipality of San Agustin ().

A NAMRIA control point, SRS-4213 located in Barangay Burboanan in Bislig City, was also occupied and
used as a marker along with four (4) other control points that were established in the area: (i.) UP-BAG
located in Barangay Mone in Bislig City; (ii.) UP-DUG located in Barangay Dugmanon in the Municipality of
Hinatuan; (iii.) UP-MAG located in Barangay Maglambing in the Municipality of Tagbina; and (iv.) UP-TAG1
located in Barangay Poblacion in the Municipality of San Miguel.

A summary of the reference and control points and their corresponding locations is provided in [ ], while
the GNSS network established is illustrated in [ ].
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1317

Figure 37. GNSS Network covering the Hinatuan River
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Table 27. List of reference and control points occupied for Hinatuan River Survey

Geographic Coordinates (WGS UTM Zone 52N)
Control Order of Ellipsoid = Elevation
Point Accurac . . ; Date of
Y Latitude Longitude Height (MSL) .
Establishment
(m) (m)
BMSS-130  1st order, BM - - 73.968 5.237 2008
BMSS-160 = 1st order, BM - - 75.213 7.065 2009
BMSS-99 1st order, BM - - 98.351 29.841 2008
SRS-54 2nd order, GCP  8°42'29.12518" N 126°11'07.08070" E 72.007 - 2007
SRS-4213 | Used as Marker - - - - 2012
UP-BAG UP Established - - - - Sep 5, 2015
UP-DUG UP Established - - - - Sep 6, 2015
UP-MAG UP Established - - - - Sep 6, 2015
UP-TAG1 UP Established - - - - Aug 27, 2015

The GNSS set-ups on the recovered reference points and established control points in the Hinatuan River
are depicted in to:

Trimble~ SPS 852

Figure 38. GNSS base set-up, Trimble® SPS 852, at BMSS-130 located on one end of a concrete barrier along

Surigao-Davao Coastal Road in Barangay Mangagoy, Bislig City, Surigao del Sur
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Figure 39. GNSS base set-up, Trimble® SPS 852, at BMSS-160, located at Pamuksukan Bridge in Barangay Gamut,
Tago, Surigao del Sur

Figure 40. GNSS receiver set-up, Trimble® SPS 882, at BMSS-99 located inside the Mahayhay Primary School in
the Municipality of Hinatuan, Surigao del Sur
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Trimble® SPS 852 (il

Figure 42. GNSS receiver set-up, Trimble® SPS 882, at BMSS-4213 located near the Burboanan Bridge in Barangay
Burboanan, Bislig City, Surigao del Sur
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Trimble® SPS 852

Figure 43. GNSS base set-up, Trimble® SPS 852, at UP-BAG, located near the Bagnan Bridge in Barangay Mone,
Bislig City, Surigao del Sur

g X n ; T e ‘ __.'-:. -_ : 4 i :‘.a .Ju" i3 iy ¢ :
Figure 44. GNSS receiver set-up, Trimble® SPS 882, at UP-DUG, located near the Hinatuan Bridge in the
Municipality of Hinatuan, Surigao del Sur
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Trimble” SPS 985

Figure 45. GNSS base set-up, Trimble® SPS 985, at UP-MAG, located at the Maglambing Bridge along Surigao-
Davao Coastal Road in Barangay Maglambing in the Municipality of Taghina, Surigao del Sur

Trimble® SPS 882

R

; e e -re pa s AT
Figure 46. GNSS base set-up, Trimble® SPS 882, at UP-TAGI, located at the Tag
Municipality of San Miguel, Surigao del Sur

0-San Miguel Bridge,
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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 cases
where one or more baselines did not meet all of these criteria, masking was performed. Masking is the
removal of 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, a re-survey
is initiated. Baseline processing results of control points in the Hinatuan River Basin generated by the TBC

software is summarized in .

Table 28. Baseline Processing Report for the Hinatuan River Basin Static Survey

Observation 5 0 on Type (Meter] (Meten) S°OHTEAE pigiiy Sl
SRS-4213— UP-MAG  09-06-2015 Fixed 0.006 = 0.028 | 346°54'31" 27101.111 10.348
UP-BAG — SRS-4213  09-05-2015 Fixed 0.003 | 0.016 283°45'49" 3553.032 0.870
SS-99 — SS-130 09-06-2015 Fixed 0.004 0.025 160°56'32" | 27048.109 -24.369
UP-BAG — SS-130 09-05-2015 Fixed 0.007 | 0.030  82°31'19" 7687.540 2.595
SS-99 — UP-BAG 09-06-2015 Fixed 0.005 | 0.028 177°23'35" 26593.869 -26.916
SS-99 — SRS-4213 09-06-2015 Fixed 0.008 0.030 184°58'49" | 25818.568 -26.099
SS-130 — UP-DUG 09-06-2015 Fixed 0.004 = 0.026 351°04'11" 24555.772 -1.865
SS-99 — UP-DUG 09-06-2015 Fixed 0.005 0.017 @ 104°37'16" 5182.796 -26.175
SS-160 — SRS-54 08-27-2015 Fixed 0.009 = 0.042 | 357°50'28" 33687.727 3.259
SS-99 — UP-MAG 09-06-2015 Fixed 0.006 | 0.020 274°36'46" 8405.733 -15.761
UP-TAG1 — SRS-54 08-27-2015 Fixed 0.005 ' 0.037 | 326°20'38" 30763.333  13.888
UP-DUG — BMSS-99  09-06-2015 Fixed 0.003 0.019 | 284°37'40" 5182.793  26.194
SS-99 — UP-MAG 09-06-2015 Fixed 0.005 | 0.023 274°36'46" 8405.736 -15.773
SS-99 — SRS-54 09-06-2015 Fixed 0.011 = 0.031 | 162°48'46" 33945.127 26.544
SRS-54 — UP-MAG 09-06-2015 Fixed 0.014 | 0.058 177°01'20" 31798.307 10.764
UP-DUG — SRS-54 09-06-2015 Fixed 0.005 = 0.025 | 155°57'50" 36939.414 0.268
SS-160 — UP-TAG1 08-27-2015 Fixed 0.008 = 0.017 | 242°57'01" 17718.093 10.680

As shown in a total of seventeen (17) baselines were processed with reference point SRS-54 held fixed
for coordinate value; and BMSS-130, BMSS-160, and, BMSS-99 held fixed for elevation values. All of the
baselines satisfied the required accuracy.
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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 is observed that
the square root of the sum of the squares of x and y must be less than 20 cm, and z less than 10 cm, or in
equation form:

V((xe)® + (ye)*) <20 cm and z. < 10 cm

Where:
Xe is the Easting Error,
Ve is the Northing Error, and
Ze is the Elevation Error

The nine (9) control points, SRS-54, SS-130, SS-160, SS-99, SRS-4213, UP-BAG, UP-DUG, UP-MAG, and
UP-TAG1, were occupied and observed simultaneously to form a GNSS loop. Coordinates of SRS-54 and
elevation values of SS-130 and SS-160 were held fixed during the processing of the control points, as
presented in . Through these reference points, the coordinates and elevation of the unknown control
points were computed.

Table 29. Control Point Constraints

Point ID Type North East Height Elevation
(Meter) (Meter) (Meter) (Meter)
BMSS-130 Grid Fixed
BMSS-160 Grid Fixed
BMSS-99 Grid Fixed
SRS-54 Global Fixed Fixed

Fixed = 0.000001(Meter)
The list of adjusted grid coordinates; i.e., Northing, Easting, Elevation, and computed standard errors of

the control points in the network, is indicated in [ ]. All fixed control points have no values for grid and
elevation errors.

Table 30. Adjusted grid coordinates

‘ . Easting Northing Northing Elevation Elevation )
Point ID Easting (Meter) Error (Meter) Error (Meter) Error Constraint
(Meter) (Meter) (Meter)
BMSS-130  869923.595 0.025 906149.656 0.019 5.237 ? e
BMSS-160  848999.411 0.009 997745.370 0.008 7.065 ? e
BMSS-99 860869.543 0.023 931673.348 0.017 29.782 0.069
SRS-4213 858838.293 0.024 905903.658 0.019 2.959 0.088
SRS-54 850558.697 ? 964056.168 ? 3.335 0.072 LL
UP-BAG 862300.278 0.025 905085.566 0.019 2.211 0.083
UP-DUG 865901.481 0.023 930405.547 0.017 4.035 0.075
UP-MAG 852475.815 0.023 932279.823 0.018 13.509 0.085
UP-TAG1 833273.403 0.007 989543.115 0.007 16.502 0.064
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With the aforementioned equation, V((xe)? + (ve)? ) < 20 cm for horizontal, and z. < 10 cm for the vertical;

the computations for the accuracy are as follows:

a. SRS-54

Horizontal Accuracy
Vertical Accuracy

b. SS-130

Horizontal Accuracy

Vertical Accuracy
c. SS-160

Horizontal Accuracy

Vertical Accuracy
d. SS-99

Horizontal Accuracy

Vertical Accuracy
e. SRS-4213

Horizontal Accuracy

Vertical Accuracy

= Fixed
=7.2cm<10cm

=v((2.50)% + (1.90)?)
=V(6.25 + 3.61)
=3.14cm<10cm

= Fixed

=v((0.9)? + (0.8)?)
=V(0.81 + 0.64)
=1.20cm<10cm
= Fixed

=v((2.30)% + (1.70)?)
=V(5.29 + 2.89)
=2.86cm<20cm
=6.90cm<10cm

=vV((2.40)% + (1.90)?)
=V(5.76 + 3.61)
=3.06cm<20cm
=8.80cm<10cm

f. UP-BAG

Horizontal Accuracy

Vertical Accuracy
g. UP-DUG

Horizontal Accuracy

Vertical Accuracy
h. UP-MAG

Horizontal Accuracy

Vertical Accuracy
i. UP-TAG1

Horizontal Accuracy

Vertical Accuracy

=vV((2.50)% + (1.90)?)
=V(6.25 + 3.61)
=3.14cm<20cm
=8.30cm<10cm

=v((2.30)% + (1.70)?)
=V(5.29 + 2.89)
=2.86cm<20cm
=7.50cm <10 cm

=V((2.30)% + (1.80)?)
=V(5.29 + 3.24)
=2.92cm<20cm
=8.50cm<10cm

=vV((0.70)% + (0.70)?)
=V(0.49 + 0.49)
=0.99cm<20cm
=6.40cm <10 cm

Following the given formula, the horizontal and vertical accuracy results of the two (2) occupied control
points are within the required accuracy of the project.

Table 31. Adjusted geodetic coordinates

Point ID Latitude Longitude (Fl:/f;f::) He(il.;gllh:tz:;'or Constraint
BMSS-130 N8°11'01.30897" E126°21'23.49960" 73.969 ? e
BMSS-160 N9°00'44.86640" E126°10'25.53097" 75.213 ? e
BMSS-99 N8°24'53.51089" E126°16'34.96716" 98.292 0.069
SRS-4213 N8°10'56.27507" E126°15'21.74124" 72.265 0.088

SRS-54 N8°42'29.12518" E126°11'07.08070" 71.864 0.072 LL

UP-BAG N8°10'28.76338" E126°17'14.48487" 71.388 0.083
UP-DUG N8°24'10.91693" E126°19'18.89585" 72.120 0.075
UP-MAG N8°25'15.48835" E126°12'01.07825" 82.582 0.085
UP-TAG1 N8°56'22.49905" E126°01'48.98421" 85.877 0.064

The corresponding geodetic coordinates of the observed points are within the required accuracy, as shown
in
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Based on the results of the computation, the accuracy conditions are satisfied; hence, the required accuracy
for the program was met.

The computed coordinates of the reference and control points utilized in the Hinatuan River GNSS Static
Survey are indicated in .

Table 32. Reference and control points used and their corresponding locations (Source: NAMRIA, UP-TCAGP)

Geographic Coordinates (WGS 84) UTM ZONE 51 N
c::it':sl Order of Accuracy Latitude Longitude Ell-:g)i::td Northing (m) Ea:r:;'g OBrtl\:o
(m) (m)

SRS-54  2nd Order, GCP | 8°42'29.12518" = 126°11'07.08070" @ 71.864 964056.168 850558.697 3.335
SS-130 1st Order, BM | 8°11'01.30897" 126°21'23.49960" 73.969 906149.656 869923.595 5.237
SS-160 1st Order, BM | 9°00'44.86640" 126°10'25.53097" 75.213 997745.370 848999.411 7.065
SS-99 Used as Marker 8°24'53.51089" 126°16'34.96716" | 98.292 931673.348 860869.543 29.782
SRS-4213 | Used as Marker 8°10'56.27507" 126°15'21.74124" 72.265 905903.658 858838.293 2.959
UP-BAG = UP Established  8°10'28.76338" 126°17'14.48487" 71.388 905085.566 862300.278 2.211
UP-DUG = UP Established = 8°24'10.91693" 126°19'18.89585" 72.120 930405.547 865901.481 4.035
UP-MAG  UP Established = 8°25'15.48835" | 126°12'01.07825" 82.582 932279.823 852475.815 13.509
UP-TAG1 = UP Established 8°56'22.49905" | 126°01'48.98421" 85.877 989543.115 833273.403 16.502

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

Cross-section and bridge as-built surveys were conducted on May 21, 2016 at the downstream side of the
Hinatuan Bridge located in Barangay Pagtigni-An, Municipality of Hinatuan, Surigao del Sur. as shown in .
A Trimble® SPS 882 GNSS PPK survey technique and Ohmex™ single beam echo sounder was utilized for
this survey.

Figure 47. Hinatuan Bridge facing downstream
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The length of the cross-sectional line surveyed in the Hinatuan Bridge is about 92.86 m., with 157 cross-
sectional points using the control point BMSS-99 as the GNSS base station. The location map, cross-section
diagram, and bridge as-built form are shown in Figure 48,
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Figure 48. Hinatuan bridge cross-section location map
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Figure 49. Hinatuan Bridge cross-section diagram
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Bridge Data Form
Bridge Mame;: Hinatuan Bridge Date: M 2016
Fiwer Mame: Hinatuan River Time: 11:57 AM
Location (Brgy, City,Region): Brgy. Pagtieni icipali igan del Sur
Survey Team: Maridel Miras, Caren Joy Ordona, Cibyl Atacador
How condition: average Weather Condition: fair
Latitude: 8° 24'12,56650" M Longitude: 126°19'10.099610" E

Legerd:
BA = Briega Bpproacs F=lar O = Low Crord
&h = Bbwrment D= Dk HC = Figh Crad
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Station{Distance from Station(Distance from
BA1) Elewation BA1) Elevation
Bl a 3.083m | BA3 10,0590 4.373m
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Ah1 A MNA
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Shape: round Number of Flers: 3 Helght of column footing: Mot svallable
Station [Distance from BAL) Elevation Pier Diameter
Pier 1 #6.086 m 4,284 m 1m
Pier 2 104 388 m 4. 298 m 1m
Pier 3 123391 m 4.F7Em im
Pier 4 141718 m 4.324 m im
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Figure 50. Bridge as-built form of Trinidad Bridge
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Water surface elevation of the Hinatuan River at the Hinatuan Bridge was determined using Trimble®
SPS 882 GNSS PPK survey technique on May 21, 2016 at 11:57 AM, with a value of -1.214 m. This was
translated into markings on the wall under the bridge using the same technique. The marking served as
reference for flow data gathering and depth gauge deployment of CSU.

4.6 Validation Points Acquisition Survey

The validation points acquisition survey was conducted on August 25, 26, and 31, 2015 and September
1 and 3, 2015. The survey was performed using a survey-grade GNSS Rover receiver, Trimble® SPS 885,
mounted in front of a vehicle, as shown in Figure 51.

It was secured with a nylon rope to ensure that it was horizontally and vertically balanced. The antenna
height was 2.404 m., measured from the ground up to the bottom of notch of the GNSS Rover receiver.
The PPK technique utilized for the conduct of the survey was set to continuous topo mode, with SRS-54,
BMSS-130, BMSS-160, BMSS-99, and UP-TAG1 occupied as the GNSS base stations.
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Figure 51. Validation points acquisition survey set up along the Hinatuan River Basin

The survey commenced in Barangay Caras-An in the Municipality of Tago, heading east until reaching
Barangay Victoria in the same municipality. The survey continued the following day, and was executed until
September 3, 2015. The continuation of the survey started in Barangay Gamut in the Municipality of Tago,
and traversed fourteen (14) municipalities southward, ending in Barangay Santa Maria in the Municipality
of Tagbina. A total of 27,310 points were gathered, with an approximate length of 262.899 km., using SRS-
54, BMSS-130, BMSS-160, BMSS-99, and UP-TAG1 as the GNSS base stations for the entire validation points
acquisition survey. This is illustrated in the map in Figure 52.
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Figure 52. Extent of the LiDAR ground validation survey of the Hinatuan River Basin
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4.7 Bathymetric Survey

A manual bathymetric survey was executed on September 3, 2015 using an Ohmex™ single beam echo
sounder, and Trimble® SPS 885 in GNSS PPK survey technique in continuous topo mode, as illustrated in
[ 1. The survey started in Barangay Tagbobonga in the Municipality of Hinatuan, with grid coordinates
930590.658 northing and 864386.545 easting; and ended at the downstream side of the river in Barangay
Zone Il in the same municipality, with grid coordinates 926166.228 northing and 867986.298 easting. The
control point BMSS-99 was used as the GNSS base station all throughout the survey. A re-survey for the
bathymetry data of the Hinatuan River was conducted on May 19 — 22, 2016 to reconcile discrepancies
found in the elevation of the previously surveyed data.

St N e ey
e .- - =t | -

Figure 53. Bathymetry set-up using OHMEX™ single beam echo sounder in Hinatuan River

The bathymetric survey for the Hinatuan River gathered a total of 10,901 points, covering 12.451 km. of
the river, traversing five (5) barangays in the Municipality of Hinatuan. A CAD drawing was also produced
to illustrate the riverbed profile of the Hinatuan River. As shownin [ |, [ ], and, [ ], the highest and lowest
elevation had a 62.678-m. difference. The highest elevation observed was 68.349 m. above MSL, located
in Barangay Tagbobonga in the Municipality of Hinatuan. The lowest elevation was -5.671 m. below MSL,
located in Barangay Zone Il in the same Municipality. The survey for the remaining 3 km. downstream of
the river was curtailed because the LiDAR DEM data of its riverbed was already available.
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Figure 54. Extent of the bathymetric survey of the Hinatuan River
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Figure 55. Hinatuan Riverbed Profile 1
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Hinatman Riverhbed Profile 2
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Figure 56. Hinatuan Riverbed Profile 2
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Figure 57. Hinatuan Riverbed Profile 3
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CHAPTER 5: FLOOD MODELING AND MAPPING

Dr. Alfredo Mahar Lagmay, Christopher Uichanco, Sylvia Sueno, Marc Moises, Hale Ines,
Miguel del Rosario, Kenneth Punay, and Neil Tingin

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

Rainfall, water level, and flow in a certain period of time, which are components and data that may affect
the hydrologic cycle of the Hinatuan River Basin, were monitored, collected, and analyzed.

5.1.2 Precipitation

Precipitation data was taken from one (1) rain gauge installed by the CSU Phil-LiDAR 1 Team. This rain
gauge was temporarily installed in the Municipal Hall of Tagbina from November 5, 2015 at 09:40 hrs. to
November 19, 2015 at 12:00 hrs. The location of this rain gauge is presented in Figure 58.
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Figure 58. Location map of the rain gauge at the Hinatuan HEC-HMS model.
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Total rain recorded from the Tagbina rain gauge from November 17, 2015 at 00:00 hrs. to November
18, 2015 at 10:00 hrs. is 96.4 mm. It peaked at 14.8 mm. on November 17, 2015 at 09:30 hrs. The lag
time between the peak rainfall and the resulting peak discharge at the Maglambing Bridge is 9 hours, as
reflected in Figure 59.

5.1.3 Rating Curves and River Outflow

A rating curve was computed at the Maglambing Bridge in the Municipality of Tagbina, Surigao del Sur
(8°25’15.01”N, 126°12°2.30”E) to establish the relationship between the observed water levels (H) from
the Maglambing Bridge and the outflow (Q) of the watershed at this location.

For the Maglambing Bridge, the rating curve is expressed as Q = 23.756H2 — 19.142H + 10.067, as shown
in Figure 60.

Maglambing Bridge Cross-Section
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Figure 59. Cross-section plot of the Hinatuan Bridge
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Maglambing Bridge HQ Curve
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Figure 60. Rating curve at the Maglambing Bridge, Tagbina, Surigao del Sur

The measured river outflow at the Maglambing Bridge (Figure 61) was utilized for the calibration of the
HEC-HMS model. The peak discharge was at 263.21 cubic meters per second (cms) on November 18, 2015
at 07:10 hrs.

Maglambing Bridge Hydrometry
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Figure 61. Rainfall at the Taghina Municipal Hall and outflow data at the Maglambing Bridge used for modeling.
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5.2 RIDF Station

The Philippines Atmospheric Geophysical and Astronomical Services Administration (PAGASA) computed
the Rainfall Intensity Duration Frequency (RIDF) values for the Butuan Rain Gauge. This station was
selected based on its proximity to the Hinatuan watershed (Figure 62). The extreme values (Table 33) for
this watershed were computed based on a 21-year record.

Table 33. Computed extreme values (in mm) of precipitation at the Hinatuan River Basin, based on average RIDF
data of the Hinatuan station.

COMPUTED EXTREME VALUES (in mm) OF PRECIPITATION

T (yrs) 10 mins 20 mins 30 mins 1hr 2 hrs 3 hrs 6 hrs 12 hrs 24 hrs
5 15.9 31.9 35.9 82.8 116.9 141.9 190.6 230.6 276.5

10 18.5 36.9 41.7 96.6 137.5 167.2 228.9 274.4 326.5
25 21.7 43.3 49 114.2 163.5 199.1 277.3 329.8 389.7
50 24.1 48.1 54.4 127.2 182.8 222.8 313.2 370.9 436.6
100 26.4 52.8 59.8 140.1 202 246.3 348.8 411.7 483.1
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Figure 62. Location map of the Hinatuan RIDF Station
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Figure 63. Synthetic storm generated for a 24-hr period rainfall for various return periods
5.3 HMS Model

The soil shapefile was taken from the Bureau of Soils and Water Management (BSWM) under the
Department of Agriculture (DA). The land cover dataset is from the National Mapping and Resource
information Authority (NAMRIA). These soil datasets were taken before 2004. The soil map and land cover
map of the Hinatuan River Basin are presented in Figure 64 and Figure 65, respectively.

Figure 64. The soil map of the Hinatuan River Basin (Source: DA)
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Figure 65. The land cover map of the Hinatuan River Basin (Source: NAMRIA).

[Insert text on soil classes and land cover classes here.]
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Figure 66. Slope map of the Hinatuan River Basin

Figure 67. Stream delineation map of the Hinatuan River Basin
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Using the SAR-based DEM, the Hinatuan basin was delineated and further subdivided into sub basins. The
Hinatuan basin model consists of one hundred seventy-two (172) sub basins, eighty-seven (87) reaches,
and eighty-eight (88) junctions. This basin model is illustrated in Figure 68. See ANNEX 10 for the Hinatuan
Model Reach Parameters. The sub basins were identified based on the delineation using the 10-meter SAR
DEM and the resampled 10-meter LiDAR DTM. Precipitation was taken from the DOST rain gauges. The
basin was calibrated using data gathered through hydrological measurement at the Maglambing Bridge,

as shown Figure 68.
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Figure 68. Hinatuan River Basin model generated using HEC-HMS.
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5.4 Cross-section Data

Riverbed cross-sections of the watershed were necessary in the HEC-RAS model set-up. The cross-section
data for the HEC-RAS model was derived from the LiDAR DEM data. It was defined using the Arc GeoRAS
tool and was post-processed in ArcGIS.
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Figure 69. Created geometries of Hinatuan HEC RAS model.
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5.5 Flo 2D Model

[Insert text for Flo 2D Model section here.]
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Figure 71. Generated 100-year rain return hazard map from FLO-2D Mapper
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Figure 72. Generated 100-year rain return flow depth map from FLO-2D Mapper

5.6 Results of HMS Calibration

After calibrating the Hinatuan HEC-HMS river basin model, its accuracy was measured against the observed
values. Figure 73 shows the comparison between the two discharge data. The Hinatuan Model Basin
Parameters are presented in ANNEX 9.

Maglambing Bridge Hydrograph
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Figure 73. Outflow Hydrograph of the Maglambing Bridge produced by the HEC-HMS model, compared with
observed outflow.

The Root Mean Square Error (RMSE) method aggregates the individual differences of these two
measurements. It was computed as 30.3 m?/s.
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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 is measured at 0.9427.

The Nash-Sutcliffe (E) method was also used to assess the predictive power of the model, with 1 being the
optimal value. The model attained an efficiency coefficient of 0.84.

A positive Percent Bias (PBIAS) indicates a model’s propensity towards under-prediction. Negative values
indicate a bias towards over-prediction. The optimal value is 0. In the model, the PBIAS is -22.17.

The Observation Standard Deviation Ratio, RSR, is an error index. A perfect model attains a value of 0 when
the error units of the values are quantified. The model attained an RSR value of 0.40.

Table 34. Summary of the Efficiency Test of the Hinatuan HMS Model

r? 0.9427
NSE 0.84
PBIAS -22.17
RSR 0.40

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

5.7.1 Hydrograph using the Rainfall Runoft Model

The summary graphin Figure 74 shows the Hinatuan outflow using the Hinatuan Rainfall Intensity-Duration-
Frequency curves (RIDF) in five (5) different return periods (5-year, 10-year, 25-year, 50-year, and 100-year
rainfall time series) based on the PAGASA data. The simulation results reveal a significant increase in
outflow magnitude as the rainfall intensity increases, for a range of durations and return periods.

Maglambing Bridge Outflow using Hinatuan Rainfall
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Figure 74. Outtlow hydrograph at the Hinatuan Station
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Table 35. Peak values of the Hinatuan HEC-HMS Model at Maglambing Bridge outflow using the Hinatuan RIDF.

RIDE Period Total P(r;t;inp)itation Pea(k rr:::ri‘r)\fall Pea(k r:;;zf)low Time to Peak
2-Year 200.24 20.59 550.12 18 hours and 40 minutes
5-Year 275.46 27.14 818.54 18 hours and 30 minutes
10-Year 325.27 31.54 992.68 18 hours and 40 minutes
25-Year 388.23 37.05 1,209.58 19 hours and 10 minutes
50-Year 434.95 41.13 1,367.64 19 hours and 20 minutes

100-Year 481.27 45.18 1,604.29 2 hours and 10 minutes

5.8 River Analysis (RAS) Model Simulation

The HEC-RAS Flood Model produces a simulated water level at every cross-section, for every time step,
for every flood simulation created. The resulting model will be used in determining the flooded areas
within the model. The simulated model will be an integral part in determining the extent of real-time flood
inundation of the river, after it has been automated and uploaded on the DREAM website. The sample
generated map of the Hinatuan River during the Agaton typhoon event, simulated using the calibrated
HMS, is shown in Figure 75.
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Figure 75. Flood depth and extent at Hinatuan River basin during typhoon “Agaton”
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5.9 Flow Depth and Flood Hazard

The resulting hazard and flow depth maps have a 10m resolution. The 5-, 25-, and 100-year rain return
scenarios of the Hinatuan floodplain are shown in Figures 76 to 81. The floodplain covers three (3)
municipalities, namely the Municipalities of Hinatuan and Tagbina in the province of Surigao del Sur, and
the Municipality of Rosario in the province of Agusan del Sur. Table 36 shows the percentage of area
affected by flooding per municipality.

Table 36. Municipalities affected in the Hinatuan floodplain

Province Municipality Total Area Area Flooded % Flooded
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Figure 77. 100-year Flow Depth Map for the Hinatuan floodplain
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Figure 79. 25-year Flow Depth Map for the Hinatuan floodplain
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Figure 81. 5-year Flow Depth Map for the Hinatuan floodplain
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5.10 Inventory of Areas Exposed to Flooding

Insert text and data on Inventory of Exposed/Affected Areas section here.

Table 37. Affected areas in Hinatuan, Surigao del Sur during a 5-year Rainfall Return

Affected Area
(sg. km.) by
flood depth

(inm.)
0.03-0.20
0.21-0.50
0.51-1.00
1.01-2.00
2.01-5.00

>5.00

Affected Areas in Hinatuan (5-Year Rainfall Return Period)
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Figure 82. Affected areas in Hinatuan, Surigao del Sur during a 5-year Rainfall Return Period
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[Insert text here.]

Table 38. Affected areas in Tagbina, Surigao del Sur during a 5-year Rainfall Return Period

0-0.20
0.21-0.50
0.51-1.00
1.01-2.00
2.01-5.00

>5.00

Figure 83. Affected areas in Taghina, Surigao del Sur during a 5-year Rainfall Return Period
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[Insert text here.]

Table 39. Affected areas in Rosario, Agusan del Sur during a 5-year Rainfall Return Period

0.03-0.20
0.21-0.50
0.51-1.00
1.01-2.00
2.01-5.00
>5.00

Figure 84. Affected areas in Rosario, Agusan del Sur during a 5-year Rainfall Return Period
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[Insert text here.]

Table 40. Affected areas in Hinatuan, Surigao del Sur during a 25-year Rainfall Return Period

0.03-0.20
0.21-0.50
0.51-1.00
1.01-2.00
2.01-5.00
>5.00

Figure 85. Affected areas in Hinatuan, Surigao del Sur during a 25-year Rainfall Return Period
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[Insert text here.]

Table 41. Affected areas in Tagbina, Surigao del Sur during a 25-year Rainfall Return Period

0.03-0.20
0.21-0.50
0.51-1.00
1.01-2.00
2.01-5.00
>5.00

Figure 86. Affected areas in Tagbina, Surigao del Sur during a 25-year Rainfall Return Period
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[Insert text here.]

Table 42. Affected areas in Rosario, Agusan del Sur during a 25-year Rainfall Return Period

0.03-0.20
0.21-0.50
0.51-1.00
1.01-2.00
2.01-5.00
>5.00

Figure 87. Affected areas in Rosario, Agusan del Sur during a 25-year Rainfall Return Period
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[Insert text here.]

Table 43. Affected areas in Hinatuan, Surigao del Sur during a 100-year Rainfall Return Period

0.03-0.20
0.21-0.50
0.51-1.00
1.01-2.00
2.01-5.00
>5.00

Figure 88. Affected areas in Hinatuan, Surigao del Sur during a 100-year Rainfall Return Period
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[Insert text here.]

Table 44. Affected areas in Tagbina, Surigao del Sur during a 100-year Rainfall Return Period

0.03-0.20
0.21-0.50
0.51-1.00
1.01-2.00
2.01-5.00
>5.00

Figure 89. Affected areas in Tagbina, Surigao del Sur during a 100-year Rainfall Return Period
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[Insert text here.]

Table 45. Affected areas in Rosario, Agusan del Sur during a 100-year Rainfall Return Period

0.03-0.20
0.21-0.50
0.51-1.00
1.01-2.00
2.01-5.00
>5.00

Figure 90. Affected areas in Rosario, Agusan del Sur during a 100-year Rainfall Return Period
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[Insert text on summary of data per municipality here.]

The generated flood hazard maps for the Hinatuan Floodplain were also used to assess the vulnerability of
the educational and medical institutions in the floodplain. Using the flood depth units of PAGASA for hazard
maps — “Low”, “Medium”, and “High” — the exposed institutions were given their individual assessment
for each flood hazard scenario (5-year, 25-year, and 100-year). ANNEX 12 and ANNEX 13 present the
educational and health institutions exposed to flooding, respectively.

Table 46. Area covered by each warning level with respect to the rainfall scenario

. Area Covered in sg. km
Warning Level

5 year 25 year 100 year
Low 69.17 69.97 69.70
Medium 85.29 94.82 98.95
High 58.85 91.58 114.22

[Insert text on educational and medical institutions here.]

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 occurrences in the
respective areas within the major river systems in the Philippines.

From the flood depth maps produced by the 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 the river basin and gathered data
regarding the actual flood level in each location. Data gathering was done through assistance from a local
DRRM office to obtain maps or situation reports about the past flooding events, or through interviews with
some residents with knowledge or experience of flooding in the particular area.

After which, the actual data from the field were compared against the simulated data to assess the accuracy
of the flood depth maps produced, and to improve on the results of the flood map. The points in the flood
map versus the corresponding validation depths are illustrated in Figure 92.

The flood validation consists of 738 points randomly selected all over the Hinatuan floodplain. Comparing
it with the flood depth map of the nearest storm event, it has an RMSE value of 0.99m. Table 47__ shows
the contingency matrix of the comparison. The Hinatuan validation points are found in ANNEX 11.

92



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

FATTH

TR

PR

R

¥ VALIDATION POINTS
B~ 5-Year Return Period

e ]

B0 - D00
S pAnd - 000
| RECIRED

I - B
I = oo - 1npen

HTH

]

Figure 91. Flood Validation Points of Hinatuan River Basin

Figure 92. Flood map depth vs. actual flood depth
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Table 47. Actual flood vs. simulated flood depth at different levels in the Hinatuan River Basin

HINATUAN MODELED FLOOD DEPTH (m)

RIVER BASIN 0-0.20 0.21-0.50  0.51-1.00 1.01-2.00  2.01-5.00 >5.00 Total
0-0.20

0.21-0.50

0.51-1.00

1.01-2.00

2.01-5.00
>5.00

Actual Flood Depth (m)

Total

[Insert text on overall accuracy summary here.]

Table 48. Summary of the Accuracy Assessment in the Hinatuan River Basin Survey

No. of Points %
Correct 53 29.44
Overestimated 122 67.78
Underestimated 5 2.78
Total 180 100
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ANNEX

ANNEX 1. Technical Specifications of the Aquarius LiDAR Sensor used in the
Hinatuan Floodplain Survey

Aquarius Sensor Head

Pilot Display

Control Rack

Camera Digitizer Camera Controller Tablet

Figure A-1.1. Aquarius LiDAR Sensor

Table A-1.1. Aquarius LiDAR Sensor Specifications

Parameter

Operational altitude

Laser pulse repetition rate

Scan rate

Scan half-angle

Laser footprint on water surface
Depth range

Topographic mode

Operational altitude

Range Capture

Intensity capture
Position and orientation system

Data Storage

Power

Image capture

Full waveform capture

Dimensions and weight

Operating temperature
Relative humidity
Dimensions and weight

Operating temperature
Relative humidity

Specification

300-600 m AGL

33, 50. 70 kHz

0-70 Hz

Oto £25°

30-60 cm

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

300-2500

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

12-bit dynamic measurement range

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

Ruggedized removable SSD hard disk (SATA 111)

28V, 900 W, 35 A

5 MP interline camera (standard); 60 MP full frame (optional)
12-bit Optech IWD-2 Intelligent Waveform Digitizer (optional)
Sensor:250 x 430 x 320 mm; 30 kg; Control rack: 591 x 485 x 578
mm; 53 kg

0-35°C

0-95% no-condensing

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

-10°C to +35°C (with insulating jacket)
0-95% no-condensing
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ANNEX 2. NAMRIA Certification of Reference Points used in the LiDAR Survey

1. SRS-53

Fasa bic ol e Pl ppines

[hacarimes | of Environmen] and Hoieeal P inze:
HATKINAL MAFPING AHD RESOURCE INFORMATION AUTHORITY

Juily 18, 2014

CERTIFICATION
T whiam il may concenm
This & o carify thal accerding 1o e reconds on T in his ofice, e requested sLrvay infarmaiian is as foliows -

Proinge. SURIGAD DEL SUR
Stawon Name: SRE5.53
Crder; 2nd
lEand: MINDAMAD Barangay: POBLACION
Municipalty: SAN AGUSTIN MEL Elevalion:
PR32 Coordinatos
Lattude:  E° dd° 37 AT TR Longituda:  128% 13" 16,64511* Elipscidal Hgl.  -1.34500 m,
WS 58S Coordimefes
Ladbuda: 8 44" 3436848 Longitucia:  128% 13° ZL01035 Elipsgidal Hgl  69.55300 m.
PTid / PREIZ Coardinales
Horthing:  S885F0.602 m. Essling 41434€.026 m, g &
) UTM F PREOZ Coordinadas
Horthing:  S&7,600.49 Esmfingg 1894, 250,44 o 52
Lozatian Description

From T City traval Tor 83 km south o muncipaliey of San Agusting then turn left on e nefiors| road about 70

Bty el oon Do it s S el S e S
o COrmer o o i the head of a X n

block embadied an the ground with inecri = SRE-53 2007 Hlfl-l.lﬁil.:. e ikl

Requesting Fary.  UP TCAGP | Engr. Ghristophar Cruz

Puppse: Radfarancs
OF Mumibser BTSES0T A
T.H.: 2014-1553

l! U | I?!mﬂl!ll
SR TR

Rty 1. lnkeity Prw e, Fosd Romilasom, B0 Tigdy O, Pregevsid 1ol el BLES) PRGN i i
Esmh 431 Rinia 0 Sar Sekyy, S0 ks, Priomea Tad M (LT 0300 b
W nanris, gy, ph

10 O L 200 CEFTRET] OS2 WP A GECSATIAL DT NI WARAGEENT

Figure A-2.1. SRS-53
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2. SRS-56

P,
:

ol e Priligpines
ol Errvspnmesy andd Matural Femcares
HAL WAPPIRG ARD REZDURCE INFCRMATION AUTHORITY

|

Augusl 15, Hitd

CERTIFICATION

T wiham it may concam;
This i 5o catity thal scoading by the moords on fMan this office. the mguedied sureey information is 4 fallos -

Prevines SURIGAD DEL SUR
Eeation Ware SRE-B6
Ordar 2nd
lsand: MINDAMALD Barangary: POBLACION
Municipaey: BARDBO MESL Eevation:
PRS5Z Coordinares
Latfude  B* 31° FO52BE1" Longiude. 126° T 4.080851° Efpssdal Hgt 1522400 m.
WGESES Coardinates
Laliude B 31" 3506400 Lgnginagde: 118° T° D.aGGd” EFgasdal Ht 10735300 m.
FTM ./ PRE31 Coardinates
Morfing: 943379.391 m. Easing:  SXI069.1Z7 m. Lo 5
UTH f PRESZ CooroVnates
Morfing:  9H3,755.61 Easing: 1BE2,57L15 o 52

Location Descrphicn

SR

Frorn Barobo bmem proper 1.8 wm south i e Bamnbs ivwn ais slemantany eChogl alang the natiorsl road. Staton
5 locatad on the et ground corner af ihe fagpcis and 20 m from e Schdl reoms i5 Ta head of 8 5
copper nail set at the center of cement biocs embadded on B ground with inscipicng SRS-58 2007 HAMRLA

Requesting Party.  Engr. Cristopher Crz
Pupeas Ralarancs

A Number A7H0710 A -
TN 0181853
RUEL DM, BELEN, MINSA

recior, Mappieg And Geodesy Branch

Il-ﬂl1ll]1-ilill.i|u
nasim BTN R

e |amier S Pl Bivilins. TOH Ty Tie Peiggoesy Tt D] W -SR11 1 11
B ST e S e " . P e R o

wwm na b g e

B 1 20 CESTIFED FOA Pl i CECETAL INFRMATION ARALERIENT

Figure A-2.1. SRS-53
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3. SRS-57

August 08, 2014

CERTIFICATION

Tica swlfacern i iy SRR
Thig 5. ko ety thel ascording o the recomds on Tl in this oSce, he rlqu.-rh:l:-lr.rl:yml’ummﬂc-rrll-:ﬁ folows -

Provaizes SURIGAD DEL SUR
Siatice Mame SRE-ET
Crdar 2nd
lakang: MiMDASAD EBarangay: TALISAY
Municipalily. HIRATLIAM =L Elervation:
PREIZ Coanmales
Loditeda: & 2T 1,80EET" Longituda: 126% 21" &SERE™ Elipsodal Hgt 28, 94400 m
WESES Coovdinanss
Lakituda: & 26 SR3EA5E Langiuds T28% 21" 14,086%1" Fllipaniisl Hor S&82200 m
PTM F PREDT Coordingtas
Morthirsg SRS 0T M, Eagling:  BEESIEIEE M, 2o 5
UTM 7 FREST Coargingag
Blarthing Esling e
Leasalion Dessnpion
SRE-57
From Hiratuan kown propar ravel 50 juncticn of Biglg for 25 ke, D ke reeth sida o . Ta . Tha aimiien &

inside the Tal Elementary School; on the corcrete ground comer of the Nagpols; m N thiy main gata
Mark i tha haad of B I" coppar nisdl sat at the cemier af cement block embecided on e grousd with inscripltions:
HS-ET 2007 HAKRIA

Fequesing Parly  EROR. CHRISTOPHER CRUZ

FLpeR; Raferarcs
OR Number OTERBGTD A
TH 1 4-1THI

B R

O .,7‘? e ek el Fon Boniecm B0H Tageg Cap. Paggees M b 00 Gl | i
] Brperk i | P i M M 290 Rarka. Misprerns Tl S 03 1O B

T waw niameis,. gav.pk
===

EO——— R 0 2908 CERTIFIED F2R ARG AN GEOSFATIAL IMFORMATION MAHAEMEMT

Figure A-2.3. SRS-57
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4. SRS-58

PFepubin: of the. Priliapines
[agudrn & Eowrawiss] @l b Aeanres

MATIOKAL MAFPIRG AND RESOLURCE IWSORMATION ALTHORTY

August 29, 2014
CERTIFICATION
T iy it sty poncenn;
Thig i | cedify that acoording %o the records on file in this office, the reguested sunsey indomeation & 88 folows -
Frosinea: SURIGAD DEL SUR
Saation Narme SHE-B8
Crder 2nd
|and: MIMDAKAD Hamangay MAGLAMEING
Municipaiity: TAGBINA M5L Elevation:
FRE02 Coanginetes
Lattude: 27 25° 3088448 Longiude. 128" 11 378506 Eligacida Hgt 9093400 m.
WGEES4 Coarainanss
Latfude: 57 25" IT SE3E1™ Longiude. 128° 11 428981347 Eficsoidal Hot  B247300 m.
BTM / PRESZ Coordinates
Homning: $3ATTEI14 m. Epsting:  BI1488.821 m. F{ey i
UTM 7 PRESZ Cooseing fis
Morhing:  B2,360088 Easting: 18094183 Lore, ¥
Lacabon Descnpban
SRS-58
From Taghbina town proper irawed far 4 km ta Brgy. Maglsmong Elementary School along the nabonal road. Tha
Ei5Inn S IoGaled nside Maglambing E Hcdhaal, on the concrele ground SE oomer of e Sagpola; 72 m

SW from v main gate. Mark i the haad of 8 3° copper nail pet af B center of & cament biag emisedded on the
grenid with inscripbors SRS-58 2007 HAKRLA

Requaslicg Party;.  ENGR. CHRISTOPHER CRUZ
Purpose:

Rederence
O Mumber ETESTED A
T.H. AA4-1EET
e i R e
bhger - | nte, ey, E o insiucin, i Vingueg Uy, Moo Tl 8 GBI BT 1
G .74_;, Prwwh ] Marnaca 00 Mo Wwwsn, | 060 Sy, g Tl e, B0 241308 iy
= W, e, gev gh
CRERTLIA Wt H08 CEFTRED FOR: USPPAL dil SF D8 g, iR TiOM WARALEUEWT

Figure A-2.4. SRS-58
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5. SRS-60

MATIONAL MAFPING AMD RESOUSCE INFORMATION AUTHORITY

Auguss 08, 2014

CERTIFICATION

T whom it may corcern:
This s to ceriiy that acoarding 1o the reconds an fie in this office, e requested survey information is as folows -

Provinges. SURIGAD DEL SUR
Stanon Mame SRE-80
Crdar 2nd
lalard: MINDAMAD Blarargay: ETA. CRUZ
Municipsity BISLIG M5L Elevatian
PRIAT Coardingfas
Lafude  8* 18 26.63028" Lengituda: 124 17 §6.88182" Elipscidal Hgt:  E3.0B300 m.
WGESS Coaordinates
Latiuder 8% 18 23.35278" Longitude: 136% 18° L07643" Elipsoidal Hgt: 18822600 m.
FTM / PRE9Z Coaminanis
Marhing: 91X242.993 m. Easfing BE1 20132 . rdaly N 5
UTH / PRESZ Cocroinates
Marthing: Easting Zang
Lecation Descriphion
SRS

Fram Barangay Fall 100 m SE 19 Brgy. Healith Canmar, tha siaticn & locaiad nside the barangary health oamar
compound, on the 5% ground comer near the bambos fence, Mark @ the head of & 27 copoar rall sef al the canber
of pement block embedded on the ground with reciphions SRE-60 2007 NAMRIA

Requesting Perty  ENGR. CHRISTOPHER CRUZ

PLIRE Rafarenica
OFR Mumises ATHAGTO &
T.M.: 2094-1T54

RN

dign | srine Ensvan P B EO Tageiy Tl Philgpres Tel K. P EEGEEDT A1
Ml -4 S s om0 Vands, P, Tel S I B0 m B

WA . Ramie.goy.ph

50 9001 T008 CEFTTRIE] R BSG AMT) GECTPATIAL FTIFRMATION MARALTIAENT

itk (F RCEE

Figure A-2.5. SRS-60
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6. SRS-61

i e Rpabiicof e Brilppines
j;-‘ /¥ Dagarvsertof Erirormet and Matural Tascercss
- 5 NATIORAL MARPING AKD RESOURCE INFORMATION ALUTHOSITY

August 18, 2014

CERTIFICATION

To wham B may consam:
Thig i bo pertify that according be tha sesande an Ee in fis offica, P fequealid Suseey infammetion is as Slkoes -

Frovines: SURIGAD DEL SUR
Elation Namre: 3RS.61
Qinges Ind
Igland MINDARAD Barangay MONE
Municipality: BISLIG MSL Elrvalian:
PRESZ Coorainses
Latitude: & & S2EMTE Lomgrude: 128716 GubDL2E™ Elipscidal Hgt  2.45800 m.
WESSH Coordinaras
Lalids: & 57 49.47002" Lofgitude: 126 18" 5.42118" Efipagidal Mgt 7471800 m.
FTHM ¢ PR593 Coordinafos
Wanbeng: S02SE0584 m. Easfing.  GISESCLET m Zore E
LT / PR592 Coardinates
Marthing; 503 458,77 Easting:  198,787.23 Zong 52

i ; Lecabion Descripaon

From Biglg City praper for 12 km to Brgy, Mana; tha stalion is located inside Mone Mationad Highachaal

& the: cpen fald about 100 m sway fram the Aagpole and 300 m from he canler of Bha road nwnﬁm-:fa
3% copner nAil 34l ot the camter of cement block Bmbed dead o the ground with insciptions SR5E1 2007 RaAiR 1S

Requesting Party:  Engr. Cristophas Crus
Pupcese: Reference

OF Mumber ETEETIEA ’
TH: 20144851
7P RuUEL DM, BELEN, MNSA

Diractor, Mapping And Geodesy Eransh

I_“I-Il Il II"I 1-!&IH

ETs 3O ET

Fudired, F FeEE
| C} i e e fegea, M v, S Ty oy Pbprsms Tol in. (BT S HSS28 41
AT Baprart ;o35 S 1. B oo, + ) M. P, Tl iy (L 0
Ame® T CERET R TIN- 1]
| DT E50 3001 70M CERTIFED FOR WAPTRET D (DE25ATIAL MRS WA onET

Figure A-2.6. SRS-61
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7. SRS-63

Peapainic o e Prlipmires.
Daeates) ol Evmnmerand Malural Sesoores

HATKINAL WAFPING AND RESOURCE INFORMATION AUTHORITY

September D4 2014
CERTIFICATION

Tia wham & may Soncanm:
This is to gertify that accending 1o the recands on fil in Sig olifica, the requesied suray indormation is a5 folows -

Frevinos: SURIGAD DEL SUR
Statcn Mama: SR3-63

Ordar- 2nd
isiand. MINDANAD Barargay. SITIO PAGMAN-AN
Municpality BISLIG WESL B o

PRS2 Conrelinalas
Lothude: & & 061702 Longitude: 1287 200 28 46827 Efipsoidsl Hat  B9.36100 m.

WG58 Coorginates

Latiluda: & T &7.27724" Longitude: 12" 30" 30.88421% Elipsoidal Hgt 18188808 mu
FPTM  PREAZ Coordinatss
Morthing: BESES.5ET m, Easing EATT29.758 mi. Tane £
LUTH 7 PREZ Caarginatas
Moething: 8941 963,22 Easting. 20650501 Zong 52
Locsien Dessriphan
SRE-83

From Bislig junction landmark travel bewards Brgy. Pagmam-an distance of 4 kms ta the junclion rasd of San
Antonio southeast side. The kaation of the morament is in the head of RCP (Alang ihe naloral higheay), Mark s
Ut of @ 37 Coppar nad $ef @i the center of cament biock embadded on tha ground with insoriptions SRE-53

2007 HAMRLA

Aequesting Party.  ENGR. CHRISTOPHER CRUZ
Purpags; Rateranoe

OF Murmrisar 8075532 A

T.MN: 2014-1542

FE 2 YL FTLEET

Bl UL [F FCIE
Ml ks Bt Pl ovalies I Togei Sy Pealgeam T S pRETD B0 md)
£ K d Begertr 471 Ramma 3 fSor Seokes. | 350 baris Mipgres T 50 @00 5D el
il www AaFrlb gor ok

e Y B a5 PESTTEAST SN LI s PESTNIIMT b RO T e ekt i A T

Figure A-2.7. SRS-63
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8. SRS-68

Riepuldiic ! the Phil ppines:
Depwtmariod Ervronreast and Felral Resse s

HATIONAL MAPPING AND REROURCE INFORMATION AUTHORITY

At 20, 2014
CERTIFICATION

T Wnam | may Concern:
This is bo cerify that sccanding o e racerds on Tia In s oMice, tha neguested survey infarmation s as folows -

Prewinee: BURIGAD DEL SUR
Skatian Marme. SRE48
QOrdsr. 2nd
Iskand: MINDANAD Barangay. AN ROCUE
Muncioaiity BARGBD MSL Elewalion:
PRESI Coovdinadas
Lafhwe:  B°34° 43082 Langikida: 126 11" S4.80830" Bllpscidal Hgt  144,36800 m,
WGESS Coarginates
Lathsde:  E° 39" QUSEZEO” Longitude: 126° 1% 18207 Elipecidal Hgt  296.72780 m.
PTM / FREST Coovdinelas
Marning S42018.662 m. Eastng: ~ 631965.011T m. Zone L]
LT ¢ PESeE Coordinates
Homnng:  942,502.08 Easling  181,853.48 Zana; 52

Lecation Dassniplon
From B Brgy. Dugh i igla 2.5 km then lalt gnd
From Baraba s ropes trevel soufn iowards Brgy an crossing in & diglania of 2.5 km e G lall sn
trawel a distance of 8.2 km towards San Redgius m'ﬁg ipcatian of SAS-G8 is insde San Rogue
Elmantary School B side from the road. From San Roque Elmentary School main gate, ds@noe I;i'-l-'."f:l
side is the locaton of SRS-6868 manument 51 Ta concie foundsricn of the fisgpake. Mark is the head of a 37 eoppar
nail gek & Bha centar of cemaent block embedded on the ground with inkcripSons SRE-E8 2007 NAMALY

Fequesfing Party. EWGR, CHRISTOPHER CRUZ

P Ui Raferences
QR Mumbar E799780 A
T.H.: 2014-1888
[
nch

TF#IFI""‘"I*II!

AR L
Ml Lt Aok, ot Bt i Togg Sy Sracossn Mol e B0 00 UAH B
A Bt - 40 Deawwrm 52 g MmO 401 Marlis, Paippins. Tl M. UG 000l i
i Pl wwE. A .. gh
i
CRHEL R 1500 S0 P08 CEETFEDI FOR MEPPTHE AT DEDEAALAL (WFCEARTICN! MARALELIEHT

Figure A-2.8. SRS-68
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ANNEX 3. Baseline Processing Reports of Control Points used in the LiDAR Survey

1. SS-124
Table A-3.1. SS-124
Vasior Componants (hark o Mark)
SR 560
@nd Lol Giotal
B B4 m Lalhads ST IEA AR A" Lallede HARSEL MITI
014200506 m Longhuds EM25" 175066102 Longiae E1Z6"1gaz 0 3
BE 5K m Hislght &30 m Halght 155 2Mm
BRSS9
L - Ll Glokwal
i 200 350 Lnillude SE TP OTEEE" il MA" 138 F108H
D00 LU UE . Lyl LADEH I S5 TE" Lengiss E42G" 1" GO 4 T
7001 m Halght 3A2Tm Helght T M2 my
P75 m W Peed Asierasth GrEIE6" AN -BBL2FH m
-4585 500 m | Ellpeck] Dist. 430 0af m &Y 58 a8
-THZET m Akakght -rpie2 m AF AZ5E 431 T
Siandard Errors
RERar e
o7 AEmating ELAE o NS e rimay i agongl. 0
o ANarting QD02 m i Elipisd Disl D2 m &Y AL.005 my
o AS bl 08 m o d-eight 0,008 m o AF 002 my
Apoertarior] Covarmnce Mt (hbebes™)
X Y F 4
A OO0OTCIeA0ES
u - OO0 2 3584 0000477853
rd Lo T5R35 Ao T35 0 GO 5
Ocoupations
From Ta
Paint 1D: SRE-60 BMES-124
Data fila: CAlsers\Windows User Documents CilisersiWindows UsenDocuments
‘Business Center - HCE\Unnamed \Business Center - HCEWnnamed
(3MSRS60 (Modular) 8-3-14 [1.685m].TO2  |(3)\BMSS124 (Rover) 8-3-14 [1.768m).T02
Racalver typa: SPsas2 SP59a5
Racalver sarial number; 5203KE1512 S245F 15374
Antenna type: Zephyr Geodetic 2 SP5935 Inbernal
Antenna ssrial number: P —
Antenna haight {measunsd): 1.685m 1768 m
Antenna mathod: Bottom of notch Antenna Phase Center
Tracking Summary
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2. $5-201
Table A-3.2. SS-201
Vacior Componanis (Mark o Mark]
SRS
g Lol Giobal
A4S 70 m Lalhuds S 51 Lallads Ll et Ry
IV 04120 m Lingiasde EA2E" 1IN0 Longie E126™1 3" 0T
.274 m Hislght 5 550 m Halght B8 m
LU DR e
Gl Lsaal Glokal
AESEED 008 i Ll s AETE D e Lniieds HEETE 0o s
S0GE1 702 m Longieds EA26" 1TV 0305 Lengida E125*410 D33k
156 . Himighit Fa a0 m Halght Fa 8 m
1554 7 m W Pand Al MRt A -BB8 8% m
Friaeis m Elipsokl Dist. ST E A m AN 1145873 m
ZoTas o Abigh 2z m KF SGOC 40 m
Stardard Emors
el T
i £Emuling EUA02 o NS e e il "0 o AN 0.08d m
|& Rkaring 0001 o Sl Dl 0O m g BY 0.00E-m
r & Elanllion 006 m o AHalght Goatd m o AF 0.0 m
Apcstariord Covartance Marts (el
X ¥ F
=i 18 Wk i ]
¥ Rl mgt o ey o) [LO0002eE 27
r -G 04 1845 CLOonO8Ea 211 & 600e02 T TH
Oocupations
Fram Ta
Podnt ID: SR553 BMES201
Diala fla: CAllsers\DAC\Documents\Business Center |CriUserst\DACDocuments\Business Canter
- HCEWUnnamed(1\SRS53 (Modular) 7-16- |- HCEWnnamed(1\BMSS201 (Roverd T-16
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ANNEX 4. The LiDAR Survey Team Composition

Data Acquisition
Component
Sub-Team

PHIL-LIDAR 1

Data Acquisition
Component Leader

Survey Supervisor

LiDAR Operation

Ground Survey,
Data Download and
Transfer

LiDAR Operation

Table A-4.1. LiDAR Survey Team Composition

Designation

Program Leader

Data Component
Project Leader — |

Chief Science
Research Specialist
(CSRS)

Supervising Science
Research Specialist
(Supervising SRS)

Research Associate
(RA)

RA

Airborne Security

Pilot

Name

ENRICO C. PARINGIT, D.ENG
ENGR. CZAR JAKIRI SARMIENTO
ENGR. LOUIE P. BALICANTA

ENGR. CHRISTOPHER CRUZ

LOVELY GRACIA ACUNA

ENGR. LOVELYN ASUNCION

FIELD TEAM

MARY CATHERINE ELIZABETH
BALIGUAS

MA. REMEDIOS VILLANUEVA
JERIEL PAUL ALAMBAN, GEOL

DAN CHRISTOFFER ALDOVINO

TSG. MICHAEL BERONILLA

CAPT. JEFFREY JEREMY ALAJAR

CAPT. NEIL ACHILLES AGAWIN
CAPT. ANGELO GARCHITORENA
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Agency / Affiliation

UP-TCAGP

UP-TCAGP

UP-TCAGP

UP-TCAGP

UP-TCAGP

UP-TCAGP

UP-TCAGP
UP-TCAGP

UP-TCAGP

Philippine Air Force
(PAF)

Asian Aerospace
Corporation (AAC)

AAC
AAC



LIDAR Surveys and Flood Mapping of Hinatuan River

ANNEX 5. Data Transfer Sheets for the Hinatuan Floodplain Flights
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Figure A-5.1. Transfer Sheet for Hinatuan Floodplain — A
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Figure A-5.2. Transfer Sheet for Hinatuan Floodplain - B
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Figure A-5.3. Transfer Sheet for Hinatuan Floodplain - C
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ANNEX 6. Flight Logs for the Flight Missions

Flight Log for 3BLK65H202B Mission
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Figure A-6.1. Flight Log for Mission 3BLK65H202B
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Flight Log for 3BLK65H203A Mission
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Figure A-6.2. Flight Log for Mission 3BLK65H203A
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Flight Log for 3BLK66F216A Mission
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Figure A-6.3. Flight Log for Mission 3BLK66F216A
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Flight Log for 3BLK66EGS217B Mission
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Figure A-6.4. Flight Log for Mission 3BLK66EGS217B
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Flight Log for 3BLK66M218A Mission
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Figure A-6.5. Flight Log for Mission 3BLK66M218A
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Flight Log for 3BLK66LMS219A Mission
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Figure A-6.6. Flight Log for Mission 3BLK66L.MS219A
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Flight Log for 3BLK66LSJS219B Mission
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Figure A-6.7. Flight Log for Mission 3BLK66LS]S219B
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Flight Log for 3BLK66N220A Mission
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Figure A-6.8. Flight Log for Mission 3BLK66N220A
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Flight Log for 3BLK660220B Mission
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Figure A-6.9. Flight Log for Mission 3BLK660220B
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10. Flight Log for 3BLK660SP221B Mission
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Figure A-6.10. Flight Log for Mission 3BLK660SP221B
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11. Flight Log for 3BLK66PSQ223A Mission
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Figure A-6.11. Flight Log for Mission 3BLK66PSQ223A
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12. Flight Log for 3BLK66QS223B Mission
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Figure A-6.12. Flight Log for Mission 3BLK66QS223B
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13. Flight Log for 3BLK66KR224A Mission
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Figure A-6.13. Flight Log for Mission 3BLKO6KR224A
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14. Flight Log for 3BLK66RS224B Mission
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Figure A-6.14. Flight Log for Mission 3BLK66RS224B
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15. Flight Log for 3BLK66S226A Mission
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Figure A-6.15. Flight Log for Mission 3BLK66S226A
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16. Flight Log for 3BLK66SS230A Mission
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Figure A-6.16. Flight Log for Mission 3BLK66SS230A
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17. Flight Log for 3BLK66T231A Mission
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Figure A-6.17. Flight Log for Mission 3BLK66T231A
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18. Flight Log for 3BLK66RS248B Mission
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Figure A-6.18. Flight Log for Mission 3BLK66RS248B
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19. Flight Log for 3BLK66RS250A Mission
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Figure A-6.19. Flight Log for Mission 3BLK66RS250A
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ANNEX 7. Flight Status Reports

FLIGHT STATUS REPORT
TANDAG, SURIGAO DEL SUR
July 4-August 1, 2014

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

Table A-7.1. Flight Status Report — A

Flight No Area Mission
1728 BLK65H MR VILLANUEVA
1730 BLK65H MR VILLANUEVA

FLIGHT STATUS REPORT

BISLIG, SURIGAO DEL SUR
August 3-September 5, 2014

Operator

3BLK65H202B

3BLK65HS203A

Date Flown

21JULY 14

22 JULY 14

Table A-7.2. Flight Status Report - B

Flight No Area Mission

1782A BLK66F 3BLK66F216A
BLK66E &

1788A BLKG6G 3BLK66EGS217B

1790A BLK66M 3BLK66M218A
BLK66L &

1794A BLK66M 3BLK66LMS219A
BLK66L &

1796A BLK66) 3BLK66LSJS219B

1798A BLK66N 3BLK66N220A

1800A BLK660 3BLK660220B
BLK660 &

1804A BLKG6P 3BLK660SP221B

Operator

MR. VILLANUEVA

MCE BALIGUAS

MR. VILLANUEVA

MCE BALIGUAS

MR. VILLANUEVA

MR. VILLANUEVA

MCE BALIGUAS

MR. VILLANUEVA
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Date Flown

04-Aug-14

05-Aug-14

06-Aug-14

07-Aug-14

07-Aug-14

08-Aug-14

08-Aug-14

09-Aug-14

Remarks

New Lever Arms
values should
be applied, LMS
calibration needed

Mission completed
over BLK65H

Remarks
Mission completed.

Completed area G
and E. (Bathy survey
on area E @ 500m.

Covered 10 lines of
area M.

Completed area M
15 lines of area L.
No images starting
line 7 onwards due
to camera assertion
error encountered in
line 6.

Completed area L
and J.

Mission completed.
Digitizer error in line
1, lines 4 onwards
have digitizer.

Covered 10 lines.
(with camera and
digitizer)
Completed area O
and covered 8 lines
of area P.
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Flight No

1810A

1812A

1814A

1816A

1822A

1838A

1842A

1912A

1918A

Area

BLK66P &
BLK66Q

BLK66Q

BLK66K &
BLK66R

BLK66R

BLK66S

BLK66S

BLK66T

BLK66R

BLK66R

Mission

3BLK66PSQ223A

3BLK66QS223B

3BLK66KR224A

3BLK66RS224B

3BLK66S226A

3BLK66SS230A

3BLK66T231A

3BLK66RS248B

3BLK66RS250A

Operator

MR. VILLANUEVA

MCE BALIGUAS

MR. VILLANUEVA

MCE BALIGUAS

MCE BALIGUAS

MCE BALIGUAS

MR. VILLANUEVA

L. ASUNCION

DC. ALDOVINO
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Date Flown

11-Aug-14

11-Aug-14

12-Aug-14

12-Aug-14

14-Aug-14

18-Aug-14

19-Aug-14

5-Sep-14

7-Sep-14

Remarks

Completed area P.
Covered 10 lines of
area Q. Experienced

digitizer error in
line 16. Replaced
digitizer SSD (used 2
digitizer’s SSD for this
mission)

Completed area Q.
No digitizer data

Completed area K.
Covered 2 lines of
area R.

Supplementary
flight for area R.
Encountered errors
in ALTM, Digitizer
and camera. No
images for this flight

Unfinished mission.

Camera hanged in

line 30. No digitizer
for this flight.

Completed area S.
Covered two lines of
area T.

Covered 17 lines,
No digitizer for this
mission

Covered 5
strips of area R
(supplementary

flight). Lost

connection with pilot
display, lots of dark
images due to time
of acquisition. No
digitizer
Completed area R
and 3 lines of area T,
including tie line



SWATH PER FLIGHT MISSION

1. Swath Coverage of Mission 3BLK65H202B

Flight No.:
Area:
Mission Name:
Parameters:
Alt:
Scan Freq:
Scan Angle:
Total Area Surveyed:

1728
BLK65H
3BLK65H202B

600

40 kHz

25 deg
16.44 sqg. km

i |IT L f F.

b, BUK{E5H

3 -

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

Figure A-7.1. Swath for Flight No. 1728
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2. Swath Coverage of Mission 3BLK65HS203A

Flight No. : 1730
Area: BLK65H
Mission Name: 3BLK65HS203A
Parameters:

Alt: 600

Scan Freq: 40 kHz

Scan Angle: 25 deg
Total Area Surveyed:  42.4 sq. km

"

: L_Li;a__r__f!ﬁ*

..-. & L1 - < I‘ .
‘rE@ robols

Figure A-7.2. Swath for Flight No. 1730
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3. Swath Coverage of Mission 3BLK66F216A

FLIGHT LOG NO. 1782A
AREA: BLK66F
MISSION NAME: 3BLK66F216A
SWATH AREA: 61.16 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

T

R RIS
. AHinatuan

Arancasalislanas

N st

Figure A-7.3. Swath for Flight No. 1782A
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4. Swath Coverage of Mission 3BLK66EGS217B

FLIGHT LOG NO. 1788A
AREA: BLK66E & BLK66G
MISSION NAME: 3BLK66EGS217B
SWATH AREA: 80.67 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

Ly
dhlinatuan

Figure A-7.4. Swath for Flight No. 1788A
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5. Swath Coverage of Mission 3BLK66M218A

FLIGHT LOG NO. 1790A
AREA: BLK66M
MISSION NAME: 3BLK66M218A
SWATH AREA: 66.92 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

Figure A-7.5. Swath for Flight No. 1790A

Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)
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6. Swath Coverage of Mission 3BLK66LMS219A

FLIGHT LOG NO. 1794A
AREA: BLK66L & BLK66M
MISSION NAME: 3BLK66LMS219A
SWATH AREA: 97.54 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

1538 |5lands

Figure A-7.6. Swath for Flight No. 1794A
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7. Swath Coverage of Mission 3BLK66LSJS219B

FLIGHT LOG NO. 1796A
AREA: BLK66L & BLK66)
MISSION NAME: 3BLK66LSIS219B
SWATH AREA: 93.57 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

1
8
*HBarobho

ASrangasalls | anas

Figure A-7.7. Swath for Flight No. 1796A
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8. Swath Coverage of Mission 3BLK66N220A

FLIGHT LOG NO. 1798A
AREA: BLK66N
MISSION NAME: 3BLK66N220A
SWATH AREA: 98.21 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

|
|
iy

1
1;31@“ bina

i
o g

P

Figure A-7.8. Swath for Flight No. 1798A
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9. Swath Coverage of Mission 3BLK660220B

FLIGHT LOG NO. 1800A
AREA: BLK660
MISSION NAME: 3BLK660220B
SWATH AREA: 57.42 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

"'-_‘_' 1’
g |

I} ',
= aHinatuan

o !
~.

i

Figure A-7.9. Swath for Flight No. 1800A
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10. Swath Coverage of Mission 3BLK660SP221B

FLIGHT LOG NO. 1804A
AREA: BLK660 & BLK66P
MISSION NAME: 3BLK660SP221B
SWATH AREA: 79.06 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

-

L]

1 E‘-Ha robo

-

Hinatuan

Figure A-7.10. Swath for Flight No. 1804A
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11. Swath Coverage of Mission 3BLK66PSQ223A

FLIGHT LOG NO.
AREA:
MISSION NAME:
SWATH AREA:
PARAMETERS:
Alt:
Scan Freq:
Scan Angle:

SURVEY COVERAGE:

1810A

BLK66P & BLK66Q
3BLK66PSQ223A
120.93 sq.km

600 m
40 kHz
25 deg

Figure A-7.11. Swath for Flight No. 1810A

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

Pl Hinaiuan
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12. Swath Coverage of Mission 3BLK66QS223B

FLIGHT LOG NO.
AREA:
MISSION NAME:
SWATH AREA:
PARAMETERS:

Alt:

Scan Freq:

Scan Angle:
SURVEY COVERAGE:

1812A

BLK66Q
3BLK66QS223B
54.42 sq.km

600 m

40 kHz
25 deg

Surigacydeltsor

HI
H|
¢

Barohe

flagbina

Figure A-7.12. Swath for Flight No. 1812A
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13. Swath Coverage of Mission 3BLK66KR224A

FLIGHT LOG NO.
AREA:

MISSION NAME:
SWATH AREA:
PARAMETERS:
SURVEY COVERAGE:

1814A

BLK66K and BLK66R
3BLK66KR224A
78.23 sq.km

Alt: 500 m

Scan Freq: 40 kHz Scan Angle: 25 deg

-

T~ _AHinatuan

Figure A-7.13. Swath for Flight No. 1814A

14. Swath Coverage of Mission 3BLK66RS224B

FLIGHT LOG NO.
AREA:

MISSION NAME:
SWATH AREA:
PARAMETERS:

SURVEY COVERAGE:

1816A

BLK66R
3BLK66RS224B
77.70 sg.km
Alt: 500 m

Scan Freq: 40 kHz Scan Angle: 25 deg

Figure A-7.14. Swath for Flight No. 1816A
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15. Swath Coverage of Mission 3BLK66S226A

FLIGHT LOG NO. 1822A
AREA: BLK66S
MISSION NAME: 3BLK66S226A
SWATH AREA: 67.28 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

I||I

¥, H
‘San‘Francisco
5

o

Figure A-7.15. Swath for Flight No. 1822A
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16. Swath Coverage of Mission 3BLK66S230A

FLIGHT LOG NO.
AREA:
MISSION NAME:
SWATH AREA:
PARAMETERS:

Alt:

Scan Freq:

Scan Angle:
SURVEY COVERAGE:

- .

1838A
BLK66S
3BLK66S230A
92.05 sg.km

600 m
40 kHz
25 deg

ranNcisco

~haly !
“San E rancisco

.,__\ :

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

Figure A-7.16. Swath for Flight No. 1838A
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17. Swath Coverage of Mission 3BLK66T231A

FLIGHT LOG NO. 1842A
AREA: BLK66T
MISSION NAME: 3BLK66T231A
SWATH AREA: 72.08 sq.km
PARAMETERS:

Alt: 600 m

Scan Freq: 40 kHz

Scan Angle: 25 deg
SURVEY COVERAGE:

!

agbina

=,

Figure A-7.17. Swath for Flight No. 1842A
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18. Swath Coverage of Mission 3BLK66RS248B

FLIGHT LOG NO. 1912A

AREA: BLK66R

MISSION NAME: 3BLK66RS248B

SWATH AREA: 30.76 sq.km

PARAMETERS: Alt: 600 m Scan Freq: 40 kHz Scan Angle: 25 deg
SURVEY COVERAGE:

‘BLKE6R

Figure A-7.18. Swath for Flight No. 1912A

19. Swath Coverage of Mission 3BLK66RS250A

FLIGHT LOG NO. 1918A

AREA: BLK66R and BLK66T

MISSION NAME: 3BLK66RS250A

SWATH AREA: 67.16 sq.km

PARAMETERS: Alt: 600 m Scan Freq: 40 kHz Scan Angle: 25 deg
SURVEY COVERAGE:

I"
‘Hirnatuan

Figure A-7.19. Swath for Flight No. 1918A
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ANNEX 8. Mission Summary Reports

Table A-8.1. Mission Summary Report for Block 65H

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Tandag (Surigao Del Sur)
Block 65H

1728A & 1730A

10.78 GB

30.9

316MB

53.70 MB

July 31, 2014

Yes
Yes
No
Yes

2.00
2.40
4.40

0.000351
0.001633
0.0026

64.56
5.06
Yes

86
472.22 m
63.46 m

18,252,647
15,792,279
57,465,702
126,247,586
2,737,223
Yes

Engr. Irish Cortez, Engr. Antonio Chua, Jr.,
Engr. Ma. Ailyn Olanda
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Morth Position Error RMS (m}

Figure A-8.2 Smoothed Performance Metric Parameters
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oI

Figure A-8.3 Best Estimated Trajectory

(5 i

Figure A-8.4 Coverage of LiDAR data
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=il

Figure A-8.5 Image of data overlap

o ITe

Figure A-8.6 Density map of merged LiDAR data
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Figure A-8.7 Elevation difference between flight lines
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Table A-8.2. Mission Summary Report for Block 66S

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66S

1822A& 1838A

22.20 GB

11.3 MB

463 MB

28.24 MB

September 5, 2014

Yes
Yes
Yes
Yes

1.65
2.50
3.50

0.000362
0.001529
0.0067

54.19
3.89
Yes

205
557.58 m
76.09 m

66,474,079
103,217,374
274,979,920
442,114,136
39,534,564
Yes

Engr. Carlyn Ann lbanez, Engr. Mark Joshua Salvacion,
Engr. Melissa Fernandez
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Figure A-8.8. Solution Status
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Figure A-8.9. Smoothed Performance Metric Parameters
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Figure A-8.11. Coverage of LiDAR data
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=T

Figure A-8.12. Image of data overlap

Figure A-8.13. Density map of merged LiDAR data
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Figure A-8.14. Elevation difference between flight lines
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Table A-8.3. Mission Summary Report for Block 66T

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)
RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66T

1842A

9.83 GB

9.7 MB

272MB

56.60MB

September 5, 2014

Yes
Yes
Yes
Yes

2.50
2.60
3.80

0.000825
0.000218
0.0405

40.38
3.51
Yes

102
526.47 m
78.26m

23,052,590
19,884,665
60,690,591
90,773,998
2,919,908
Yes

Engr. Carlyn Ann lbaiez, Engr. Harmond Santos,
Engr. Jeffrey Delica
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Figure A-8.16. Smoothed Performance Metric Parameters
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Figure A-8.18. Coverage of LiDAR data
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Figure A-8.20. Density map of merged LiDAR data
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Figure A-8.21. Elevation difference between flight lines
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Table A-8.4. Mission Summary Report for Block 66T_additional

Flight Area
Mission Name
Inclusive Flights
Range data size
POS

Base data size
Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics (in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)

Elevation difference between strips (<0.20 m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig

Blk 66T _additional
1918A

10.1 GB

237 MB

11 MB

NA

September 9, 2014

Yes
Yes
No
No

1.26
1.33
2.82

0.000910
0.013831
0.0114

19.04
3.25
Yes

27
276.2m
123.6m

4805449
2646714
6504120
13858118
945252
No

Engr. Analyn Naldo, Engr. Chelou Prado,
Engr. Karl Adrian Vergara
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Figure A-8.22. Solution Status
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Figure A-8.23. Smoothed Performance Metric Parameters
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Figure A-8.25. Coverage of LiDAR data
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Figure A-8.27. Density map of merged LiDAR data
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Figure A-8.28. Elevation difference between flight lines
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Table A-8.5. Mission Summary Report for Block 66R

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66R

1814A & 1816A

19.51 GB

33.8 MB

426MB

87.10 MB

September 1, 2014

Yes
Yes
Yes
No

1.15
1.80
2.25

0.000763
0.002617
0.0183

31.54
2.82
Yes

112
304.32 m
46.59 m

25,905,739
18,936,577
46,995,263
60,296,697
997,107
No

Engr. Jommer Medina, Engr. Harmond Santos,
Engr. Roa Shalemar Redo
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FigureA-8.32. Coverage of LiDAR data
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Figure A-8.34. Density map of merged LiDAR data
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Figure A-8.35. Elevation difference between flight lines
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Table A-8.6. Mission Summary Report for Block 66R Supplement

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66R Supplement
1912A & 1918A

14.02 GB

25.6 MB

345MB

12.40 MB

October 1, 2014

Yes
Yes
Yes
No

1.25
1.35
2.80

0.000910
0.020623
0.0354

58.75
5.04
Yes

106
639.27 m
53.59 m

21,328,714
21,170,667
75,475,480
75,869,990
1,152,661
Yes

Engr. Analyn Naldo, Engr. Antonio Chua, Jr,,
Engr. Melissa Fernandez
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Figure A-8.37. Smoothed Performance Metric Parameters
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Table A-8.7. Mission Summary Report for Block 66K

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66K

1814A

10.30 GB

16.9 MB

257MB

87.10 MB

September 1, 2014

Yes
Yes
Yes
No

1.70
2.10
4.44

0.000729
0.009434
0.0173

23.61
2.02
Yes

98
243.50m
40.87 m

24,490,004
22,208,110
19,708,876
19,515,747
887,645
Yes

John Dill Macapagal, Engr. Harmond Santos,
Engr. Jommer Medina
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Figure A-8.44. Smoothed Performance Metric Parameters
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Table A-8.8. Mission Summary Report for Block 661

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)
RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66L

1794A & 1796A

24.70 GB

35.6 MB

487MB

103.50 MB

August 20, 2014

Yes
Yes
No
Yes

2.50
2.00
3.50

0.000372
0.023350
0.0035

61.86
3.59
Yes

130
389.27 m
55.09 m

34,789,627
34,708,740
78,857,422
97,514,753
2,581,879
Yes

Engr. Angelo Carlo Bongat,
Engr. Edgardo Gubatanga Jr., Jovy Narisma
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Table A-8.9. Mission Summary Report for Block 66M

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66M

1790A & 1794A

24.20 GB

39.7 MB

506 MB

105 MB

August 20, 2014

Yes
Yes
No
Yes

1.70
3.80
7.80

0.000324
0.001414
0.0026

60.90
4.06
Yes

119
388.75 m
64.97 m

36,632,278
35,477,482
108,204,209
110,238,280
3,249,782
Yes

Engr. Angelo Carlo Bongat, Engr. Melanie Hingpit,
Engr. Ma. Ailyn Olanda
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Figure A-8.60. Coverage of LiDAR data
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Figure A-8.62. Density map of merged LiDAR data
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Figure A-8.63. Elevation difference between flight lines
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Table A-8.10. Mission Summary Report for Block 66N

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66N

1798A

11.40 GB

15.5 MB

235MB

75.70 MB

September 1, 2014

Yes
Yes
Yes
No

1.35
1.45
3.00

0.000441
0.001028
0.0084

41.26
3.20
Yes

129
321.46m
64.97 m

37,204,281
29,885,270
89,706,603
99,956,048
1,613,522
Yes

John Dill Macapagal, Engr. Christy Lubiano,
Engr. Jommer Medina
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FigureA-8.66. Best Estimated Trajectory

Figure A-8.67. Coverage of LiDAR data
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Figure A-8.68. Image of data overlap
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Figure A-8.69. Density map of merged LiDAR data
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Figure A-8.70. Elevation difference between flight lines
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Table A-8.11. Mission Summary Report for Block 660

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 660

1800A

7.27 GB

15.5 MB

162MB

42.20 MB

September 1, 2014

Yes
Yes
No
Yes

1.95
2.30
3.00

0.000476
0.005288
0.0133

35.75
3.26
Yes

90
305.06 m
66.10 m

23,097,136
18,464,590
53,273,982
61,443,070
1,536,374
Yes

Engr. Jommer Medina, Engr. Christy Lubiano,
Engr. Melissa Fernandez
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Figure A-8.77. Elevation difference between flight lines
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Table A-8.12. Mission Summary Report for Block 66P

Flight Area Bislig (Surigao Del Sur)
Mission Name Block 66P

Inclusive Flights 1804A

Range data size 10.10 GB

Base data size 14.1 MB

POS 231MB

Image 58.90 MB

Transfer date September 1, 2014

Solution Status

Number of Satellites (>6) Yes
PDOP (<3) Yes
Baseline Length (<30km) Yes
Processing Mode (<=1) No

Smoothed Performance Metrics(in cm)

RMSE for North Position (<4.0 cm) 2.80
RMSE for East Position (<4.0 cm) 2.80
RMSE for Down Position (<8.0 cm) 5.00
Boresight correction stdev (<0.001deg) 0.000554
IMU attitude correction stdev (<0.001deg) 0.001883
GPS position stdev (<0.01m) 0.0096
Minimum % overlap (>25) 41.21
Ave point cloud density per sq.m. (>2.0) 3.23

Elevation difference between strips (<0.20m) Yes

Number of 1km x 1km blocks 111
Maximum Height 336.50 m
Minimum Height 66.34 m

Classification (# of points)

Ground 30,361,440
Low vegetation 29,980,607
Medium vegetation 65,876,694
High vegetation 81,259,951
Building 1,474,870
Orthophoto Yes

Engr. Jommer Medina, Engr. Harmond Santos,

Processed by John Dill Macapagal
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Figure A-8.79. Smoothed Performance Metric Parameters
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Figure A-8.80. Best Estimated Trajectory

Figure A-8.81. Coverage of LiDAR data

209



LIDAR Surveys and Flood Mapping of Hinatuan River

T XD

i

I TE

Figure A-8.83. Density map of merged LiDAR data
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Figure A-8.84. Elevation difference between flight lines
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Table A-8.13. Mission Summary Report for Block 66Q

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66Q

1810A& 1812A

20.36 GB

18.3 MB

412MB

44.80 MB

September 1, 2014

Yes
Yes
No
No

2.60
3.60
4.44

0.000688
0.001361
0.0079

39.42
3.11
Yes

221
361.24 m
61.51m

63,637,588
59,205,087
139,975,963
174,850,836
2,941,636
Yes

Engr. Jommer Medina, Engr. Edgardo Gubatanga Jr.,
John Dill Macapagal
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Figure A-8.86. Smoothed Performance Metric Parameters
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Figure A-8.90. Density map of merged LiDAR data
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Figure A-8.91. Elevation difference between flight lines
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Table A-8.14. Mission Summary Report for Block 66E

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66E

1788A

10.40 GB

17.8 MB

228 MB

50.40 MB

August 20, 2014

Yes
Yes
Yes
Yes

1.60
1.08
3.80

0.001353
0.003331
0.0032

33.98
2.85
Yes

103
174.22 m
52.25m

30229246
31059866
49036578
47086168
1361570
Yes

Engr. Irish Cortez, Aljon Rie Araneta, Jovy Narisma
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Figure A-8.92. Solution Status
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Figure A-8.93. Smoothed Performance Metric Parameters
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Figure A-8.95 Coverage of LiDAR data
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Figure A-8.97. Density map of merged LiDAR data
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Figure A-8.98. Elevation difference between flight lines
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Table A-8.15. Mission Summary Report for Block 66F

Flight Area
Mission Name
Inclusive Flights
Range data size
Base data size
POS

Image

Transfer date

Solution Status

Number of Satellites (>6)
PDOP (<3)

Baseline Length (<30km)
Processing Mode (<=1)

Smoothed Performance Metrics(in cm)
RMSE for North Position (<4.0 cm)
RMSE for East Position (<4.0 cm)

RMSE for Down Position (<8.0 cm)

Boresight correction stdev (<0.001deg)
IMU attitude correction stdev (<0.001deg)
GPS position stdev (<0.01m)

Minimum % overlap (>25)
Ave point cloud density per sq.m. (>2.0)
Elevation difference between strips (<0.20m)

Number of 1km x 1km blocks
Maximum Height
Minimum Height

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Bislig (Surigao Del Sur)
Block 66F

1782A

9.97 GB

17.4 MB

212 MB

61.20 MB

August 20, 2014

No
No
Yes
Yes

2.50
2.22
2.70

0.000443
0.001218
0.0099

54.81
3.41
Yes

99
265.6m
58.82 m

25561773
24740503
54919507
77633766
1970252
Yes

Engr. Carlyn Ann lbafiez, Engr. Mark Joshua Salvacion,
Engr. Jeffrey Delica
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Figure A-8.100. Smoothed Performance Metric Parameters
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Figure A-8.102. Coverage of LiDAR data
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Figure A-8.104. Density map of merged LiDAR data
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Figure A-8.105. Elevation difference between flight lines

226




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

SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0

yead o1 oney

yead 01 oyey
yead 01 ouey
yead 01 oyey
yead 01 oney
yead 03 opey
yead 03 opey
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oyey
yead 03 oyey
yead 03 oyey
yead 03 oyey
yead 031 oyey
yead 031 oney
yead 031 oyey
yead 031 oyey

adA] pjoysaiylr

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
juelIsuo)
uoIssaday

Mo|jaseg Uoissaday

S0LT0 a8ueyosig
SLT80 a8seyasiq
veveo a8seydsiq
¢0LT0 93.eyosiq
S09C°0 93.1eyosiq
VEEE0 931eyosiq
S0LT'0 931eyosiq
T4 A0 adueyosig
6¢9C°0 adueyosig
0sve0 aduseyosig
0L00°0 adueyosig
04600 934eydsiq
8L¢T0 93Jeyosiq
0S8C°0 934eydsiq
€08T°0 28.Jeyosiq
0T6C0 284eydsiq
v/.S€°0 a8seyosiq
6¢¥8°0 a8seyosiq
(s/ew)
?81eyasiq adA] jemuj
eniuj

ST'9v
€0'SY
L89T
€L°91
ST'vL
9T1'¢L
LV'SE
o€y
1¢'8¢
EV'EY
18°S
9861
Tecc
70°0¢
89°G¢
91'9¢
6€'6¢
LT'T9

(utw) swiy Seq

wuojsuel)
ydeaSoupAH

Hun SOS

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
00°¢

(%) snoinsadw

S$SO7 JoquInN aAIN) SOS

SIdJduweleJ ulseq [9POJN Uenleury T6-Y [qeL

sIoloureled uiseq [opoJN uenjeull ‘6 XANNV

§8'8L
S8'8L
06'LL
09'€8
00'9L
06'LL
G8'8L
06’LL
06’LL
S8'8L
oT'vL
S0°sL
§8°8L
oT'vL
0’18
S6°9L
06'LL
S6°9L

Jaquinp anin)

¥6'8
€6'8
86'6
90°0T
9¢'8
659'8
LEB
66'8
LL'6
00'6
€L'6
006
S6°6
1101
[4N9)
ov'6
€C0T
S9°0T
(wiw)

uondessqy
lewuj

0Z8TM
064TM
0SLTM
OTLZIM
0S8TM
0T6TM
096TM
098TM
0V8TM
0T8TM
08LTM
09LTM
0ELTM
0LLTM
0CLTM
00LTM
OvLTM
008TM

Jaquinp uiseg

227



LIDAR Surveys and Flood Mapping of Hinatuan River

SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
S¢0
SC0
S¢0
SC0
SC0
SC0
SC0
SC0
SC0

yead 01 oney

yead 031 oney
yead 031 ouey
yead 031 ouey
yead 031 ouey
yead 031 ouey
yead 031 oney
yead 01 oney
yead 01 oney
yead 01 ouey
yead 01 ouey
yead 031 ouey
yead 03 opey
yead 03 opey
yead 03 opey
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oyey
yead 03 oyey
yead 03 oyey
yead 03 oyey

adA] pjoysaiylr

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
juejsuo)
uoissa3ay

Mo|jaseg Uoissaday

SLTC0
¢s1co
18150
144TAY
6€LC°0
SLLTO
085¢0
S¥8¢C°0
€8€E0
6981°0
L8CC0
88600
80T¢C0
9¢c00
vLL9°0
088T0
[43174)
9¢ve0
8ESE0
S¢80°0
¢59¢°0
(s/ew)

281eyasiq
|eqtu]

93.1eydsiq
93.1eydsiq
23.1eyodsiq
23.eydsiq
93.1eyodsiq
93.1eyodsiq
93.1eydsiq
93.1eyasiq
934eydsiq
934eyasiq
93Jeydsiq
931eyadsiq
934eydsiq
93Jeydsiq
934eydsiq
934eydsiq
934eydsiq
934eydsiq
93Jeydsiq
93Jeydsiq

934eydsiq

adAL |eniuj

[Aah7
8L'LE
€8'8Y
[Aa4]
a6y
L8'€E9
98'sL
8¥'vE
96'L€
88'€ES
[4WA 7
LTLS
reL
CLET
90°89
vr'1S
€9°99
Sv'SS
ceLE
049¢
89'€L

(urw) swi) Seq

w.ojsuel)
ydeaSoipAH

Hun SIS

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

(%) snoinsadw

S$SO7 JoquWINN aAIN) SIS

§8°8L
S6°9L
06'LL
06'LL
06°LL
06°LL
S56'9L
0T'vL
§8'8L
§8'8L
§8'8L
08'6L
0,18
06°LL
S6'9L
§8'8L
06°LL
§8'8L
§8°8L
§8°8L
06'LL

JoquinN 2AIN)

S9°L
06'L
v1°0T
8L'8
9¢€'8
6G°L
00°L
[44l°
000t
01’8
17’6
'L
'S
099
67°6
19'8
9¢€'8
17’8
€L'8
9€'8
9€'8
(ww)

uonoeaysqy
lewiuj

0TZIm
09¢M
086TM
oveIm
06CIM
0TEIM
0SvIMm
0EvIMm
08¢IMm
0CcTIM
ovTIM
09TZM
0LTZM
090ZM
0£0ZM
0ov6TM
0TOoOZM
0¢6TM
006TM
068TM
0E8TM

Jaquinp uiseg

228



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

SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0

yead o1 oney

yead 01 ouey
yead 01 oney
yead 01 ouey
yead 01 ouey
yead 01 ouey
yead 03 opey
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oyey
yead 03 oney
yead 03 oyey
yead 03 oyey
yead 03 oney
yead 031 oney
yead 031 oney
yead 031 oney
yead 031 ouey
yead 031 ouey

adA] pjoysaiylr

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
jueIsuo)
uoIssaday

MoO|joseg Uoissaday

€600
LTLC0
vreeo
S0sv°0
€E€SC0
6185°C
06400
Svcvo
8100
9800
€9/1°0
vrSC0
LOTTO
ovve0
606C°0
T0€8°0
SLY0°0
S¢80°0
6L€C°0
61CE0
049T°0
(s/cw)

?81eyasiq
|eniu]

23.1eyosiq
93.1eyasiq
934eyasiq
934eyasiq
934eydsiq
931eyadsiq
934eydsiq
934eydsiq
93Jeydsiq
934eydsiq
934eydsiq
934eydsiq
93Jeydsiq
93Jeydsiq
93Jeydsiq
934eydsiq
934eydsiq
93.1eydsiq
93.1eydsiq
93.1eyodsiq

23.1eyodsiq

adA] jenuj

ov'sc
99'vS
9¢'9S
L6'LS
€9°99
LT°€9T
(40013
00°08
¢LSe
€EVE
§9'99
SC'TS
618V
9169
99ty
[AA
9¢'81
L6°CC
[47251%
ov'6¢
€9°0¢€

(urw) swiy Seq

wuojsuel)
ydeiSo4pAH
Hun S2S

000
000
000
000
000
000
8T'VT
000
9€'8
000
000
000
000
000
000
000
000
000
000
000
000

(%) snoinsadw

SSO7 J9quwinN dAIN) SIS

06°LL
08'6L
§8'8L
06°LL
ST'EL
08'6L
0T'vL
§8'8L
S0'SL
S0'SL
ST'EL
ST'EL
§8°8L
§8°8L
06'LL
§8°8L
08'6L
S6°9L
08'6L
§8°8L
08'6L

Jaquinp anIn)

9¢€'8
9¢'8
9L'6
¥9'8
L8'6
886
S0'6
€E'6
80°L
ST'8
oT'ot
9¢€'0T
(8L
L8
198
818
L9°L
L
¢s0T
€6°0T
S0'8
(wiw)

uondessqy
leniuj

0€E0CM
066TM
0L6TM
0L8TM
0crveM
088TM
091CM
0ETCM
06v7CM
0SETM
00SZM
0C¢STM
00€ETM
ocem
00TZM
oceIm
0STZM
00ZZMm
0S0ZM
060CM
08TCM

Jaquiny uiseg

229



LIDAR Surveys and Flood Mapping of Hinatuan River

S¢0
S¢0
S¢0
S¢0
S¢0
S¢0
S¢0
S¢0
S¢0
S¢0
S¢0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0

yead o3 oney

jead o1 oney
yead o1 oney
yead o1 oney
yead o1 oney
jead 03 oey
jead 03 oey
jead o3 oney
jead o3 oey
jead o3 oney
jead o3 oey
jead o3 oney
jead o3 oney
jead o3 oey
yead 031 oiey
yead 01 oiey
yead 01 oiey
yead 01 oiey
yead 01 oiey
yead 01 oley
yead 01 oiey
jead o1 oney

adA] pjoysaiyL

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80

jueIsuo)
uoISS3I9Y

Mojjoseg Uoissa29Yy

960¢°0
€661°0
€rsso
66TC0
¢989°0
8€T00
€5950°0
€L61°0
6€LE0
¥7590°0
88T¢C0
1TL0°0
1¢80°1T
S69T°0
L0LT°0
90¢0°0
L19C°0
10200
147450
8¢0¢0
1v6L0
(s/ew)

984eyosig

leiuj

93Jeyosig
93Jeydsig
934eydsig
934eydsig
934eydsig
934eydsig
934eyasig
934eydsig
934eydsig
934eyasiqg
934eyasig
934eyasig
984eyasiqg
984eyasig
984eyasig
984eyasig
984eyasig
93Jeydsig
93Jeyosig
93Jeydsig

93Jeyosig

adAy jentu|

05°€e
05°'6S
0€'L0T
€CSe
1G6°8S
LT'ET
99°LE
95°0L
€699
vSsve
veETL
€8°9¢
65971
ET vy
91'vS
VLVl
LEES
6€91
S8°TS
8808
€0°00T

(uw) swiy Seq

wuojsues)
ydeiSoipAH
Hun S2s

000
000
000
000
000
000
000
000
LT0
000
000
000
000
000
000
000
000
000
000
000
000

(%) snoinsadw

S6'9L
06'LL
S6'9L
06'LL
oT'vL
S0'SL
S6'9L
00'9L
ST'€EL
ST'€EL
S8'8L
S0°'SL
ST'€L
ST'€L
oTvL
06'LL
ST'€L
ST'€L
ST'€L
SL°08
06'LL

$SO7 J3quin 3AIN) SIS

Jagquiny anIn)

e
V1l
068
ST'TT
v 01
8L°0T
8E'TT
TL'6
68'L
8T'TT
[4%"
L6°0T
188
S6°6
9L°6
€98
0S8
65°0T
'8
9¢'8
168
(wiw)

uoydessqy
[eiuj

0T8CIM
094ZM
0€9TM
008ZM
099ZM
OvLTIM
0€ELIM
089C¢M
OTLZM
0v9ZM
069CM
009CM
099¢M
ovvcM
065CM
06€ECM
OTvIMm
0LECM
0SZCM
OTTZM
or4era)

Jaquinp uiseg

230



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

SC0
SC0
SC0
SC0
SC0
SC0
S¢0
S¢0
S¢0
S¢0
SC0
S¢0
5S¢0
5S¢0
S0
S¢0
SC0
SC0
SC0
S0
SC0

yead 03 oney

jead o1 oney
yead o1 oney
jead o1 oney
yead o1 oney
jead o1 oney
yead o1 oney
yead o1 oney
yead o1 oney
yead o1 oney
yead o1 oney
yead o1 oney
yead o1 oney
yead o1 oney
jead o3 oney
jead o3 oney
jead o3 oney
jead o3 oney
jead o3 oney
jead o3 oney
jead o3 oney
jead o3 oney

adAl pjoysaiyl

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
jueisuo)
uoiIssa2ay

Mmoyjaseg uoISsaIdY

¢0€00
0S6€°0
Ev100
LT9€°0
0€T0°0
LEVEO
§8¢C0
640€°0
80¢0°0
510
6€V0°0
v€6C0
72000
¢8€E0
16800
EIveco
L0C00
¢S61°0
8¥L1°0
¢S61°0
L7900
(s/ew)

981eyasig

lenu]

984eydsiq
93.1eydsiq
93.1eyodsiq
93.1eyodsiq
93.1eyodsiq
93.1eyodsiq
931eyodsiq
931eyosiq
93.1eyodsiq
931eyodsiq
93.Jeyosiq
934eyasiq
931eyodsiq
93.1eyodsiq
934eydsiq
934eyasiq
934eyasiq
934eydsiq
934eydsiq
934eydsiq

934eydsiq

adAy jenu|

80°6T
oteL
6€CT
8SVL
60°€T
85°¢9
91’6t
7919
VL 9T
SO0'€ES
§8'9¢
99'19
98’9

¢6'T9
LT°8€
[Aa4]
[4Y4
SO've
06'6€
S6'C9
1Ly

(uiw) swiy Seq

wuojsuesj
ydeaSoipAH

Hun s3S

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

(%) snoinsaduw

06'LL
S6°9L
S8°8L
06'LL
06'LL
0092
S0°SL
S0°SL
06°LL
§8'8L
§8'8L
§8'8L
S0'SL
§8'8L
06°LL
009L
086,
0T'vL
S6'9L
06°LL
06'LL

JaquinN aAIn)

SSO7 Jaquinp aAJIN) SOS

L6°6
8C'TT
8E'TT
88°0T
8E'TT
88’8
¢80T
LT'6
8E'TT
9t'0T
8E'TT
80°0T
8E'TT
6C'6
LO'TT
¢O'TT
8E€'TT
0’6
10T
S9°0T
e€Tot
(wiw)

uonoensqy
leliul

0L6TM
090eEM
0v6TM
0Z8IM
096CM
Ov8CM
0S0EM
048TM
0£0EM
080EM
0Cc0EM
0v0EM
0Z¢6CM
086CM
06LCM
068¢M
006CM
000EM
088¢M
0€EBTM
0LLTM

Jaquinp uiseg

231



LIDAR Surveys and Flood Mapping of Hinatuan River

SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
S¢0
SC0
S¢0
SC0
SC0
SC0
SC0
SC0
SC0

yead 01 oney

yead 031 oney
yead 031 ouey
yead 031 ouey
yead 031 ouey
yead 031 ouey
yead 031 oney
yead 01 oney
yead 01 oney
yead 01 ouey
yead 01 ouey
yead 031 ouey
yead 03 opey
yead 03 opey
yead 03 opey
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oyey
yead 03 oyey
yead 03 oyey
yead 03 oyey

adA] pjoysaiylr

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
juejsuo)
uoissa3ay

Mo|jaseg Uoissaday

80000
LTT9°0
8€8T0
TLvC0
0€sT0
6v8C°0
11100
¥85¢°0
£90T°0
€99€°0
£98C°0
T¢8S0
85070
9870
|ZATAY)
v/9C0
LE6CO
99/¢C°0
€6vv'0
89510
€E0E0
(s/ew)

281eyasiq
|eqtu]

93.1eydsiq
93.1eydsiq
23.1eyodsiq
23.eydsiq
93.1eyodsiq
93.1eyodsiq
93.1eydsiq
93.1eyasiq
934eydsiq
934eyasiq
93Jeydsiq
931eyadsiq
934eydsiq
93Jeydsiq
934eydsiq
934eydsiq
934eydsiq
934eydsiq
93Jeydsiq
93Jeydsiq

934eydsiq

adAL |eniuj

v6'¢C

88'LE
oy
14 A%
88'LC
LS89
€9'TT
96°CS
0c¢'8¢
LL'89
€E'TE
60'09
SeE'6v
6L'¢CL
6C'0v
6v'LS
08
ST'19
8699
8E'VS
6099

(urw) swi) Seq

w.ojsuel)
ydeaSoipAH

Hun SIS

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

(%) snoinsadw

S$SO7 JoquWINN aAIN) SIS

009L
S0°SL
S6°9L
06'LL
S6°9L
S0'SL
06'LL
0092
oT'vL
ST'EL
0092
ST'EL
S6°9L
S0'SL
S6'9L
S8'8L
S0°'SL
SL°08
06'LL
oT'vL
06'LL

JoquinN 2AIN)

0S'L
0T'6
06'L
99°L
(4N}
Ev'8
8E'TT
806
8LL
6L'L
€€'8
| WAV
c9'8
€8'L
8E'1T
or'6
ogor
90°'TT
8E'TT
L8'6
Sv'8
(ww)

uonoeaysqy
lewiuj

0LTEM
OTTEM
00TEM
0T6CM
0TZEM
0€E6CM
06TEM
0SLTM
0CLTM
0£9TM
0T9CM
02¢9TM
0LSTM
0TSCM
0SCEM
0SvEM
097EM
060EM
00ZeMm
0TOEM
0S8IM

Jaquinp uiseg

232



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

SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0

yead o1 oney

yead 01 ouey
yead 01 oney
yead 01 ouey
yead 01 ouey
yead 01 ouey
yead 03 opey
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oyey
yead 03 oney
yead 03 oyey
yead 03 oyey
yead 03 oney
yead 031 oney
yead 031 oney
yead 031 oney
yead 031 ouey
yead 031 ouey

adA] pjoysaiylr

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
jueIsuo)
uoIssaday

MoO|joseg Uoissaday

L9.T°0
800T0
8/9%°0
€50¢C°0
LOVS0
LTTO0
ccovo
T¢9C0
96480
LL9T°0
66070
T€6T0
eTo
V150°0
Y1010
61000
Yaza
9.6T°0
L8SY'0
66000
2991°0
(s/cw)

?81eyasiq
|eniu]

23.1eyosiq
93.1eyasiq
934eyasiq
934eyasiq
934eydsiq
931eyadsiq
934eydsiq
934eydsiq
93Jeydsiq
934eydsiq
934eydsiq
934eydsiq
93Jeydsiq
93Jeydsiq
93Jeydsiq
934eydsiq
934eydsiq
93.1eydsiq
93.1eydsiq
93.1eyodsiq

23.1eyodsiq

adA] jenuj

LLSY
LT'TC
(4017
L6°6C
LT'9€E
0697
Ev'vy
08'1v
L9°0L
veee
98'TY
rLe
8L°8¢C
€8°qT
6181
€89
T4
89'T¢
S9°0v
919
cL8T

(urw) swiy Seq

wuojsuel)
ydeiSo4pAH
Hun S2S

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

(%) snoinsadw

SSO7 J9quwinN dAIN) SIS

ST'eL
06°LL
§8'8L
S56'9L
§8'8L
0T'vL
08'6L
00°9L
06°LL
08'6L
§8'8L
S/.°08
06°LL
09°€8
00'9L
08'6L
S6°9L
009L
oT'vL
06'LL
06'LL

Jaquinp anIn)

81’8
8¢'L
66’8
V'8
8¢'8
V1’8
07’8
'L
759’8
86’8
€18
60'8
818
9.9
€08
L0'8
69°L
9C'L
1€L
S99
LTL
(wiw)

uondessqy
leniuj

0EETM
080CM
0S6TM
000CM
0€E6TM
09€TM
06TCM
08€ETM
00T
OrTEM
0€E0EM
09TEM
0ETEM
0STEM
0ETEM
066CM
0S6ZM
098IM
08LZM
08TEM
0ZceEM

Jaquiny uiseg

233



LIDAR Surveys and Flood Mapping of Hinatuan River

SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
SC0
S¢0
SC0
S¢0
SC0
SC0
SC0
SC0
SC0
SC0

yead 01 oney

yead 031 oney
yead 031 ouey
yead 031 ouey
yead 031 ouey
yead 031 ouey
yead 031 oney
yead 01 oney
yead 01 oney
yead 01 ouey
yead 01 ouey
yead 031 ouey
yead 03 opey
yead 03 opey
yead 03 opey
yead 03 oney
yead 03 oney
yead 03 oney
yead 03 oyey
yead 03 oyey
yead 03 oyey
yead 03 oyey

adA] pjoysaiylr

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
juejsuo)
uoissa3ay

Mo|jaseg Uoissaday

SveCo
¢e8eo
L8ST'0
[474°30)
1¢60°0
61vE0
€8¢E0
L6CY0
69710
85/9°0
09170
00
LT00°0
SE9T°0
L9TT°0
Tveceo
¢891°0
¢861°0
T¢S€E°0
7955°0
LSCTO0
(s/ew)

281eyasiq
|eqtu]

93.1eydsiq
93.1eydsiq
23.1eyodsiq
23.eydsiq
93.1eyodsiq
93.1eyodsiq
93.1eydsiq
93.1eyasiq
934eydsiq
934eyasiq
93Jeydsiq
931eyadsiq
934eydsiq
93Jeydsiq
934eydsiq
934eydsiq
934eydsiq
934eydsiq
93Jeydsiq
93Jeydsiq

934eydsiq

adAL |eniuj

79'89
89°L9
LTES
9v'99
8¥'T¢
0L°¢ce
81°9¢
vo've
Sv'ec
LT°0S
€8°LC
6€'0v
00T
E€L'VE
v6'ce
LT°6C
L9°0¢€
85°9¢
6L°'6E
96'tvv
[A“R 33

(urw) swi) Seq

w.ojsuel)
ydeaSoipAH

Hun SIS

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

(%) snoinsadw

S$SO7 JoquWINN aAIN) SIS

009L
S6°9L
06'LL
06'LL
0T'vL
009L
S0°SL
S0°SL
S6'9L
ST'EL
S0'SL
S0'SL
0T'vL
S6'9L
S6'9L
00°9L
0T'vL
ST'EL
S0°sL
§8°8L
oT'vL

JoquinN 2AIN)

€9°0T
LO°TT
67'8
9¢’6
6L°L
L9,
ST'8
€L'8
LY'6
LT°8
91’8
S€'L
L0'8
€L’L
g8
6L°L
vLL
96°L
96'L
68°L
v9°L
(ww)

uonoeaysqy
lewiuj

oveEEM
0SEEM
0659M
06CEM
0095M
OTvEM
09¢eEM
0LZEM
ovZceEM
00LZM
08SCM
059¢M
0SSCM
0LVTM
0€ESTM
OvETM
0rSTM
087CM
00vZM
0LZZMm
0€TIM

Jaquinp uiseg

234



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

SC0 Jead 01 oney 80 78610 9d1eyasig L8'88 100 S0°'SL 8T'6 09€EM
S20 Jead 01 oney 80 €€90°0 9d1eyasig 0£'9¢ 000 00'9L LL°S 0ceEEM
SC0 ead 01 oney 80 LELOO 9d1eyasig ¢6'SS 000 S0'SL S0°L 0LEEM
SC0 ead 01 oney 80 0L¢¢0 9d1eyasig 9879 000 00'9L 86°L 08EEM
SC0 >ead 01 oney 80 €TL9°0 9d1eyasig 9¢'v9 000 06’LL 8€'8 00EEM
SC0 Jead 01 oney 80 11200 9d1eyasig 6L'6 000 S6°9L 158 0EEEM
SC0 >ead 01 oney 80 €66C°0 9d1eyasig 06'TS 000 S6°9L TC01 OTEEM

(s/cw) (ww)

jueIsuo)
jead oroney  adA] pjoysaiyl UOISS395 a8aeyosiq adA] jemu) (utw) swi) 8eq (%) snoinuadw  1aquiny 9AIN) uonensqy
’ 4 eniu] lentu]
Jaquinp uiseg
wojsuel)
Mo|}9seg uoissaIay ydeaSoapAH $S07 JaquINN dAIN) SIS

Hun SOS

235



LIDAR Surveys and Flood Mapping of Hinatuan River

ANNEX 10. Hinatuan Model Reach Parameters

Reach
Number

R80

R30

R90

R140

R210

R200

R170

R110

R150

R190

R250

R310

R340

R370

R550

R700

R620

R690

R470

R430

R420

R510

R530

R710

R750

R720

R670

R610

Table A-10.1. Hinatuan Model Reach Parameters

Time Step Method

Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval

Automatic Fixed Interval

Muskingum Cunge Channel Routing

Length (m)

1424.00
1237.10

446.27
6740.70
4405.30
2597.60

825.69
6748.10
5362.30
3860.90
3288.80

757.70

353.85
3539.90
3788.90
3918.20
3875.50
2616.60
2988.10
1220.50
1273.70
6284.40
2349.70
2166.20

923.97

798.41
2792.80

685.98

236

Slope

0.006610
0.009450
0.014464
0.004432
0.001505
0.000990
0.002049
0.009247
0.001213
0.000564
0.000736
0.000023
0.002014
0.001577
0.001269
0.004423
0.002366
0.001369
0.001591
0.000513
0.006661
0.004965
0.002336
0.000023
0.001695
0.001591
0.001347

0.000190

Manning's
n

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

0.15

Shape

Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle

Rectangle

Width

27.31

23.25

22.77

24.82

15.00

15.87

17.00

17.00

12.88

22.93

26.05

23.36

22.48

24.56

28.60

14.12

22.36

24.00

13.29

13.64

8.55

21.67

23.65

24.04

8.55

29.49

33.04

29.29



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

Muskingum Cunge Channel Routing

Reach
Number Time Step Method Length (m) Slope Man:ing's Shape Width
R280 Automatic Fixed Interval 1135.70 0.000679 0.15 Rectangle 22.10
R450 Automatic Fixed Interval 3605.80 0.001783 0.15 Rectangle 20.56
R570 Automatic Fixed Interval 1809.20 0.001613 0.15 Rectangle 18.05
R650 Automatic Fixed Interval 551.13 0.001923 0.15 Rectangle 47.15
R850 Automatic Fixed Interval 1805.40 0.001293 0.15 Rectangle 34.59
R870 Automatic Fixed Interval 1440.50 0.001378 0.15 Rectangle 37.24
R940 Automatic Fixed Interval 1053.00 0.000060 0.15 Rectangle 34.10
R1030 Automatic Fixed Interval 2089.20 0.000791 0.15 Rectangle 32.95
R1020 Automatic Fixed Interval 488.70 0.006748 0.15 Rectangle 36.45
R1110 Automatic Fixed Interval 2451.10 0.000957 0.15 Rectangle 35.70
R1060 Automatic Fixed Interval 4113.70 0.003297 0.15 Rectangle 12.68
R1050 Automatic Fixed Interval 1980.40 0.000525 0.15 Rectangle 14.16
R1090 Automatic Fixed Interval 2544.20 0.000186 0.15 Rectangle 17.11
R1180 Automatic Fixed Interval 544.56 0.004760 0.15 Rectangle 30.90
R1190 Automatic Fixed Interval 2730.50 0.002813 0.15 Rectangle 37.33
R1140 Automatic Fixed Interval 106.57 0.000023 0.15 Rectangle 27.08
R1210 = Automatic Fixed Interval 652.84 0.000810 0.15 Rectangle 45.26
R1270  Automatic Fixed Interval 731.84 0.000023 0.15 Rectangle 36.48
R1260  Automatic Fixed Interval 2901.50 0.000731 0.15 Rectangle 41.59
R1240  Automatic Fixed Interval 718.70 0.000187 0.15 Rectangle 48.93
R1150 Automatic Fixed Interval 660.12 0.001204 0.15 Rectangle 40.62
R1220  Automatic Fixed Interval 701.13 0.001143 0.15 Rectangle 36.70
R1280  Automatic Fixed Interval 2076.90 0.000238 0.15 Rectangle 44.28
R1370  Automatic Fixed Interval 1668.50 0.000365 0.15 Rectangle 48.72
R3470  Automatic Fixed Interval 1636.80 0.000558 0.15 Rectangle 43.68
R1450  Automatic Fixed Interval 2291.40 0.000023 0.15 Rectangle 60.05
R1470  Automatic Fixed Interval 514.56 0.003575 0.15 Rectangle 52.08
R980 Automatic Fixed Interval 1575.40 0.000948 0.15 Rectangle 18.99
R990 Automatic Fixed Interval 3337.50 0.001854 0.15 Rectangle 15.23
R1360 Automatic Fixed Interval 3873.70 0.005783 0.15 Rectangle 34.31
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Reach
Number

R1480

R1440

R1350

R1410

R1420

R1230

R1320

R1510

R1400

R1490

R580

R590

R410

R600

R800

R830

R770

R840

R930

R1500

R1570

R3420

R5610

R1610

R1650

R1630

R1660

R1670

R1690

Time Step Method

Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval
Automatic Fixed Interval

Automatic Fixed Interval

Muskingum Cunge Channel Routing

Length (m)

1230.20
3748.90
96.57
412.84
1197.10
144.85
1514.40
2852.10
1897.10
1226.40
444.56
2322.50
1854.40
2799.50
2990.50
28.28
1228.40
1097.40
2065.80
4547.60
2442.80
1567.40
1330.70
2160.10
692.13
666.98
5013.90
936.40

2051.20
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Slope

0.000674
0.000023
0.029113
0.000023
0.000986
0.000635
0.005616
0.000366
0.000023
0.000023
0.007322
0.002291
0.005737
0.003970
0.000023
0.000023
0.002501
0.000023
0.002060
0.010366
0.000360
0.000023
0.000606
0.000023
0.000304
0.014944
0.007058
0.000586

0.000023

Manning's
n

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

0.15

Shape

Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle

Rectangle

Width

58.53

56.27

40.51

55.01

65.11

26.09

96.56

64.61

69.38

65.21

21.63

24.23

8.55

8.55

25.93

8.55

8.55

8.55

8.55

27.06

55.50

80.14

78.31

78.32

176.71

31.83

48.95

188.01

159.47
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ANNEX 11. Hinatuan Field Validation Points

Table A-11.1. Hinatuan Field Validation Points

. Validation Coordinates - Rain
Nz::?; ; Lat Lon \'/\: :’?;I) zz::izt(':; Error (m) Event/Date Return/
g Scenario

1 8.364539 126.3334 0.03 0.3 0.000 Agaton 5-year
2 8.363677 126.3313 0.04 0.12 0.080 Agaton 5-year
3 8.364121 126.3317 0.04 0 -0.040 Agaton 5-year
4 8.364417 126.332 0.03 0 -0.030 Agaton 5-year
5 8.364786 126.3324 0.09 0.17 0.080 Agaton 5-year
6 8.365023 126.3335 0.17 0.35 0.180 Agaton 5-year
7 8.364571 126.3346 0.09 0.18 0.090 Agaton 5-year
8 8.364146 126.3349 0.29 0.3 0.010 Agaton 5-year
9 8.363566 126.3351 0.28 0 -0.280 Agaton 5-year
10 8.364212 126.3353 0.22 0.3 0.080 Agaton 5-year
11 8.367463 126.3383 0.06 0 -0.060 Agaton 5-year
12 8.368847 126.3381 0.18 0 -0.180 Agaton 5-year
13 8.370949 126.3376 0.89 0 -0.890 Agaton 5-year
14 8.371968 126.3371 0.26 0.6 0.340 Agaton 5-year
15 8.374103 126.3341 0.03 0 -0.030 Agaton 5-year
16 8.372097 126.3358 0.26 0.04 -0.220 Agaton 5-year
17 8.36911 126.335 0.3 0 -0.300 Agaton 5-year
18 8.36852 126.3313 0.58 0.13 -0.450 Agaton 5-year
19 8.370251 126.3337 0.25 0 -0.250 Agaton 5-year
20 8.371115 126.3317 0.16 0 -0.160 Agaton 5-year
21 8.371596 126.3285 0.24 0 -0.240 Agaton 5-year
22 8.33727 126.3262 0 0.26 0.260 Agaton 5-year
23 8.403148 126.3219 0.07 0 -0.070 Agaton 5-year
24 8.403607 126.3223 0.1 0 -0.100 Agaton 5-year
25 8.403639 126.3371 0.03 0 -0.030 Agaton 5-year
26 8.40357 126.3377 0.03 0 -0.030 Agaton 5-year
27 8.405224 126.338 0.03 0 -0.030 Agaton 5-year
28 8.424132 126.3153 0.04 0 -0.040 Agaton 5-year
29 8.423925 126.3158 0.08 0 -0.080 Agaton 5-year
30 8.423474 126.3161 0.07 0 -0.070 Agaton 5-year
31 8.372463 126.3223 0.39 0 -0.390 Agaton 5-year
32 8.374583 126.32 0.1 0.03 -0.070 Agaton 5-year
33 8.372868 126.3163 0.14 0 -0.140 Agaton 5-year
34 8.370529 126.3121 0.38 0 -0.380 Agaton 5-year
35 8.368819 126.3129 0.05 0.95 0.900 Agaton 5-year
36 8.364254 126.3218 0.21 0 -0.210 Agaton 5-year
37 8.362636 126.3286 0.08 0 -0.080 Agaton 5-year
38 8.363346 126.3309 0.05 0.63 0.580 Agaton 5-year
39 8.356979 126.2674 0.03 0 -0.030 Agaton 5-year
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Point
Number
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

Validation Coordinates

Lat

8.354631
8.342638
8.342571
8.341745
8.319812
8.319149
8.317695
8.369597
8.36957
8.369569
8.36998
8.38972
8.389895
8.391496
8.391556
8.397622
8.414518
8.415118
8.414912
8.368886
8.370474
8.452739
8.453302
8.451396
8.4511
8.473721
8.473735
8.476041
8.475748
8.47775
8.475527
8.511474
8.475066
8.511795
8.511896
8.512077
8.511159
8.511479
8.420978
8.424191
8.4239
8.423263

Long

126.2664
126.3183
126.3186
126.3227
126.2725
126.2741
126.275
126.2621
126.2535
126.2532
126.2496
126.2433
126.2433
126.2438
126.2439
126.2801
126.255
126.2548
126.2546
126.2953
126.2972
126.262
126.252
126.2518
126.2524
126.2371
126.2366
126.234
126.2321
126.2313
126.2121
126.1279
126.2123
126.1608
126.1611
126.1601
126.1282
126.1595
126.228
126.2382
126.3236
126.236

Model
Var (m)
0.03

0
0
0
0.03
0.03

0.03
0.05
0.07
0.77
0.03
0.11
0.03
0.04
1.27
0.56
0.03
0.03
0.03
0.03
0.03
0.44
1.38
0.14
0.07
0.07
0.32
0.22
0.05
1.53
0.03
0.54
0.03
0.04
0.06
0.03
0.06
0.03
0.06
0.03
0.04

Validation
Points (m)

[

w

~
N

240

Error (m)

-0.030
0.000
0.000
0.000
-0.030
-0.030
0.500
-0.030
-0.050
-0.070
-0.770
-0.030
-0.110
-0.030
-0.040
-1.170
-0.560
0.770
-0.030
-0.030
-0.030
-0.030
-0.440
-1.380
-0.140
-0.070
-0.070
-0.320
0.080
-0.050
-0.790
-0.030
-0.540
-0.030
-0.040
-0.060
0.170
-0.060
-0.030
-0.060
-0.030
-0.040

Event/Date

Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton

Rain
Return/
Scenario

5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year



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

Validation Coordinates . Rain

NE::’ter Model Va!ldatnon Error (m) Event/Date Return/
Lat Long Var (m) Points (m) Scenario

82 8.476264 126.2133 0.83 0.52 -0.310 Agaton 5-year
83 8.475941 126.213 1.69 0 -1.690 Agaton 5-year
84 8.475948 126.2127 2.02 0.64 -1.380 Agaton 5-year
85 8.475824 126.2124 1.86 0.5 -1.360 Agaton 5-year
86 8.416066 126.2407 1.97 1.8 -0.170 Agaton 5-year
87 8.375506 126.3303 0.04 0 -0.040 Agaton 5-year
88 8.375374 126.3362 0.09 0.24 0.150 Agaton 5-year
89 8.375166 126.3322 0.18 0 -0.180 Agaton 5-year
90 8.378 126.3266 0.68 0 -0.680 Agaton 5-year
91 8.3792 126.329 0.07 0 -0.070 Agaton 5-year
92 8.3807 126.3303 0.46 0 -0.460 Agaton 5-year
93 8.375356 126.3208 0.17 0.1 -0.070 Agaton 5-year
94 8.376764 126.3178 0.22 0 -0.220 Agaton 5-year
95 8.376673 126.3179 0.64 0.31 -0.330 Agaton 5-year
96 8.379569 126.3141 0.12 0 -0.120 Agaton 5-year
97 8.381568 126.3153 0.38 0 -0.380 Agaton 5-year
98 8.381155 126.3131 0.03 0 -0.030 Agaton 5-year
99 8.402029 126.3216 0.03 0 -0.030 Agaton 5-year
100 8.39249 126.3149 0.03 0 -0.030 Agaton 5-year
101 8.393097 126.3119 0.28 0 -0.280 Agaton 5-year
102  8.387198 126.3128 0.03 0.21 0.180 Agaton 5-year
103  8.382337 126.3125 0.06 0 -0.060 Agaton 5-year
104 8.341477 126.2551 0.03 0 -0.030 Agaton 5-year
105 8.41505 126.2548 0.03 0 -0.030 Agaton 5-year
106 8.414923 126.2546 0.03 0 -0.030 Agaton 5-year
107 8.415988 126.2426 0.03 0 -0.030 Agaton 5-year
108  8.415434 126.2428 0.3 0 -0.300 Agaton 5-year
109 8.416207 126.2401 3.12 1.61 -1.510 Agaton 5-year
110  8.416566 126.2382 0.12 0.2 0.080 Agaton 5-year
111 8.416423 126.238 0.25 1.79 1.540 Agaton 5-year
112 8.416705 126.2373 0.03 0 -0.030 Agaton 5-year
113 8.416603 126.237 0.53 0 -0.530 Agaton 5-year
114 8.416725 126.237 0.04 0 -0.040 Agaton 5-year
115  8.416807 126.2364 0.41 0 -0.410 Agaton 5-year
116  8.416973 126.2362 0.21 0 -0.210 Agaton 5-year
117 8.41709 126.2356 0.08 0.24 0.160 Agaton 5-year
118  8.417012 126.2353 0.6 0 -0.600 Agaton 5-year
119  8.417221 126.2349 0.09 0.26 0.170 Agaton 5-year
120 8.41754 126.2351 0.2 0.2 0.000 Agaton 5-year
121 8.417375 126.2348 0.03 0 -0.030 Agaton 5-year
122 8.41769 126.2345 0.06 0 -0.060 Agaton 5-year
123 8.41937 126.2335 2.49 1.5 -0.990 Agaton 5-year
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Point
Number
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

Validation Coordinates

Lat

8.364539
8.363677
8.364121
8.364417
8.364786
8.365023
8.364571
8.364146
8.363566
8.364212
8.367463
8.368847
8.370949
8.371968
8.374103
8.372097
8.36911
8.36852
8.370251
8.371115
8.371596
8.33727
8.403148
8.403607
8.403639
8.40357
8.405224
8.424132
8.423925
8.423474
8.372463
8.374583
8.372868
8.370529
8.368819
8.364254
8.362636
8.363346
8.356979
8.354631
8.342638
8.342571

Long

126.3334
126.3313
126.3317
126.332
126.3324
126.3335
126.3346
126.3349
126.3351
126.3353
126.3383
126.3381
126.3376
126.3371
126.3341
126.3358
126.335
126.3313
126.3337
126.3317
126.3285
126.3262
126.3219
126.3223
126.3371
126.3377
126.338
126.3153
126.3158
126.3161
126.3223
126.32
126.3163
126.3121
126.3129
126.3218
126.3286
126.3309
126.2674
126.2664
126.3183
126.3186

Model
Var (m)
0.03
0.04
0.04
0.03
0.09
0.17
0.09
0.29
0.28
0.22
0.06
0.18
0.89
0.26
0.03
0.26
0.3
0.58
0.25
0.16
0.24

0
0.07
0.1
0.03
0.03
0.03
0.04
0.08
0.07
0.39
0.1
0.14
0.38
0.05
0.21
0.08
0.05
0.03
0.03
0

0

Validation
Points (m)
0.3
0.12
0
0
0.17
0.35
0.18
0.3

0.3

0.6

0.04

0.13

©o o o o o
N
o

242

Error (m)

0.270
0.080
-0.040
-0.030
0.080
0.180
0.090
0.010
-0.280
0.080
-0.060
-0.180
-0.890
0.340
-0.030
-0.220
-0.300
-0.450
-0.250
-0.160
-0.240
0.260
-0.070
-0.100
-0.030
-0.030
-0.030
-0.040
-0.080
-0.070
-0.390
-0.070
-0.140
-0.380
0.900
-0.210
-0.080
0.580
-0.030
-0.030
0.000
0.000

Event/Date

Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang

Rain
Return/
Scenario

5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year



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

Validation Coordinates . Rain

NE::’ter Model Va!ldatnon Error (m) Event/Date Return/
Lat Long Var (m) Points (m) Scenario

166 8.341745 126.3227 0 0 0.000 Seniang 5-year
167 8.319812 126.2725 0.03 0 -0.030 Seniang 5-year
168  8.319149 126.2741 0.03 0 -0.030 Seniang 5-year
169  8.317695 126.275 0 0.5 0.500 Seniang 5-year
170  8.369597 126.2621 0.03 0 -0.030 Seniang 5-year
171 8.36957 126.2535 0.05 0 -0.050 Seniang 5-year
172 8.369569 126.2532 0.07 0 -0.070 Seniang 5-year
173 8.36998 126.2496 0.77 0 -0.770 Seniang 5-year
174 8.38972 126.2433 0.03 0 -0.030 Seniang 5-year
175  8.389895 126.2433 0.11 0 -0.110 Seniang 5-year
176  8.391496 126.2438 0.03 0 -0.030 Seniang 5-year
177  8.391556 126.2439 0.04 0 -0.040 Seniang 5-year
178  8.397622 126.2801 1.27 0.1 -1.170 Seniang 5-year
179  8.414518 126.255 0.56 0 -0.560 Seniang 5-year
180 8.415118 126.2548 0.03 0.8 0.770 Seniang 5-year
181 8.414912 126.2546 0.03 0 -0.030 Seniang 5-year
182  8.368886 126.2953 0.03 0 -0.030 Seniang 5-year
183 8.370474 126.2972 0.03 0 -0.030 Seniang 5-year
184 8.452739 126.262 0.03 0 -0.030 Seniang 5-year
185  8.453302 126.252 0.44 0 -0.440 Seniang 5-year
186  8.451396 126.2518 1.38 0 -1.380 Seniang 5-year
187 8.4511 126.2524 0.14 0 -0.140 Seniang 5-year
188 8.473721 126.2371 0.07 0 -0.070 Seniang 5-year
189  8.473735 126.2366 0.07 0 -0.070 Seniang 5-year
190 8.476041 126.234 0.32 0 -0.320 Seniang 5-year
191 8.475748 126.2321 0.22 0.3 0.080 Seniang 5-year
192 8.47775 126.2313 0.05 0 -0.050 Seniang 5-year
193 8.475527 126.2121 1.53 0.74 -0.790 Seniang 5-year
194  8.511474 126.1279 0.03 0 -0.030 Seniang 5-year
195 8.475066 126.2123 0.54 0 -0.540 Seniang 5-year
196  8.511795 126.1608 0.03 0 -0.030 Seniang 5-year
197 8.511896 126.1611 0.04 0 -0.040 Seniang 5-year
198 8.512077 126.1601 0.06 0 -0.060 Seniang 5-year
199  8.511159 126.1282 0.03 0.2 0.170 Seniang 5-year
200  8.511479 126.1595 0.06 0 -0.060 Seniang 5-year
201  8.420978 126.228 0.03 0 -0.030 Seniang 5-year
202  8.424191 126.2382 0.06 0 -0.060 Seniang 5-year
203 8.4239 126.3236 0.03 0 -0.030 Seniang 5-year
204 8.423263 126.236 0.04 0 -0.040 Seniang 5-year
205 8.476264 126.2133 0.83 0.52 -0.310 Seniang 5-year
206  8.475941 126.213 1.69 0 -1.690 Seniang 5-year
207  8.475948 126.2127 2.02 0.64 -1.380 Seniang 5-year
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Point
Number
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249

Validation Coordinates

Lat

8.475824
8.416066
8.375506
8.375374
8.375166
8.378
8.3792
8.3807
8.375356
8.376764
8.376673
8.379569
8.381568
8.381155
8.402029
8.39249
8.393097
8.387198
8.382337
8.341477
8.41505
8.414923
8.415988
8.415434
8.416207
8.416566
8.416423
8.416705
8.416603
8.416725
8.416807
8.416973
8.41709
8.417012
8.417221
8.41754
8.417375
8.41769
8.41937
8.364539
8.363677
8.364121

Long

126.2124
126.2407
126.3303
126.3362
126.3322
126.3266
126.329
126.3303
126.3208
126.3178
126.3179
126.3141
126.3153
126.3131
126.3216
126.3149
126.3119
126.3128
126.3125
126.2551
126.2548
126.2546
126.2426
126.2428
126.2401
126.2382
126.238
126.2373
126.237
126.237
126.2364
126.2362
126.2356
126.2353
126.2349
126.2351
126.2348
126.2345
126.2335
126.3334
126.3313
126.3317

Model
Var (m)
1.86
1.97
0.04
0.09
0.18
0.68
0.07
0.46
0.17
0.22
0.64
0.12
0.38
0.03
0.03
0.03
0.28
0.03
0.06
0.03
0.03
0.03
0.03
0.3
3.12
0.12
0.25
0.03
0.53
0.04
0.41
0.21
0.08
0.6
0.09
0.2
0.03
0.06
2.49
0.03
0.06
0.06

Validation
Points (m)
0.5
1.8
0
0.24

©O O oo o o o
w =
=

N
=

0.12
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Error (m)

-1.360
-0.170
-0.040
0.150
-0.180
-0.680
-0.070
-0.460
-0.070
-0.220
-0.330
-0.120
-0.380
-0.030
-0.030
-0.030
-0.280
0.180
-0.060
-0.030
-0.030
-0.030
-0.030
-0.300
-1.510
0.080
1.540
-0.030
-0.530
-0.040
-0.410
-0.210
0.160
-0.600
0.170
0.000
-0.030
-0.060
-0.990
0.270
0.060
-0.060

Event/Date

Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Agaton
Agaton
Agaton

Rain
Return/
Scenario

5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
5-year
25-year
25-year
25-year



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

Validation Coordinates . Rain

NE::’ter Model Va!ldatnon Error (m) Event/Date Return/
Lat Long Var (m) Points (m) Scenario

250  8.364417 126.332 0.03 0 -0.030 Agaton 25-year
251 8.364786 126.3324 0.09 0.17 0.080 Agaton 25-year
252 8.365023 126.3335 0.24 0.35 0.110 Agaton 25-year
253 8.364571 126.3346 0.14 0.18 0.040 Agaton 25-year
254  8.364146 126.3349 0.33 0.3 -0.030 Agaton 25-year
255 8.363566 126.3351 0.31 0 -0.310 Agaton 25-year
256  8.364212 126.3353 0.26 0.3 0.040 Agaton 25-year
257  8.367463 126.3383 0.09 0 -0.090 Agaton 25-year
258  8.368847 126.3381 0.22 0 -0.220 Agaton 25-year
259 8.370949 126.3376 1.37 0 -1.370 Agaton 25-year
260  8.371968 126.3371 0.3 0.6 0.300 Agaton 25-year
261 8.374103 126.3341 0.03 0 -0.030 Agaton 25-year
262 8.372097 126.3358 0.32 0.04 -0.280 Agaton 25-year
263 8.36911 126.335 0.36 0 -0.360 Agaton 25-year
264 8.36852 126.3313 0.67 0.13 -0.540 Agaton 25-year
265 8.370251 126.3337 0.32 0 -0.320 Agaton 25-year
266  8.371115 126.3317 0.21 0 -0.210 Agaton 25-year
267  8.371596 126.3285 0.38 0 -0.380 Agaton 25-year
268 8.33727 126.3262 0 0.26 0.260 Agaton 25-year
269 8.403148 126.3219 0.16 0 -0.160 Agaton 25-year
270  8.403607 126.3223 0.15 0 -0.150 Agaton 25-year
271 8.403639 126.3371 0.03 0 -0.030 Agaton 25-year
272 8.40357 126.3377 0.03 0 -0.030 Agaton 25-year
273 8.405224 126.338 0.03 0 -0.030 Agaton 25-year
274  8.424132 126.3153 0.05 0 -0.050 Agaton 25-year
275 8.423925 126.3158 0.09 0 -0.090 Agaton 25-year
276  8.423474 126.3161 0.08 0 -0.080 Agaton 25-year
277  8.372463 126.3223 0.49 0 -0.490 Agaton 25-year
278  8.374583 126.32 0.21 0.03 -0.180 Agaton 25-year
279 8.372868 126.3163 0.19 0 -0.190 Agaton 25-year
280  8.370529 126.3121 0.47 0 -0.470 Agaton 25-year
281 8.368819 126.3129 0.34 0.95 0.610 Agaton 25-year
282 8.364254 126.3218 0.29 0 -0.290 Agaton 25-year
283 8.362636 126.3286 0.1 0 -0.100 Agaton 25-year
284  8.363346 126.3309 0.1 0.63 0.530 Agaton 25-year
285 8.356979 126.2674 0.05 0 -0.050 Agaton 25-year
286  8.354631 126.2664 0.03 0 -0.030 Agaton 25-year
287  8.342638 126.3183 0 0 0.000 Agaton 25-year
288  8.342571 126.3186 0 0 0.000 Agaton 25-year
289 8.341745 126.3227 0 0 0.000 Agaton 25-year
290  8.319812 126.2725 0.03 0 -0.030 Agaton 25-year
291 8.319149 126.2741 0.03 0 -0.030 Agaton 25-year
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Point
Number
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333

Validation Coordinates

Lat

8.317695
8.369597
8.36957
8.369569
8.36998
8.38972
8.389895
8.391496
8.391556
8.397622
8.414518
8.415118
8.414912
8.368886
8.370474
8.452739
8.453302
8.451396
8.4511
8.473721
8.473735
8.476041
8.475748
8.47775
8.475527
8.511474
8.475066
8.511795
8.511896
8.512077
8.511159
8.511479
8.420978
8.424191
8.4239
8.423263
8.476264
8.475941
8.475948
8.475824
8.416066
8.375506

Long

126.275
126.2621
126.2535
126.2532
126.2496
126.2433
126.2433
126.2438
126.2439
126.2801

126.255
126.2548
126.2546
126.2953
126.2972

126.262

126.252
126.2518
126.2524
126.2371
126.2366

126.234
126.2321
126.2313
126.2121
126.1279
126.2123
126.1608
126.1611
126.1601
126.1282
126.1595

126.228
126.2382
126.3236

126.236
126.2133

126.213
126.2127
126.2124
126.2407
126.3303

Model
Var (m)
0
0.03
0.06
0.08
1.23
0.03
0.13
0.04
0.05
1.7
0.67
1.69
0.03
0.03
0.03
0.03
0.53
1.48
0.19
0.08
0.07
0.39
0.28
0.06
2.28
0.04
13
0.03
0.05
0.07
0.03
0.1
0.03
0.14
0.03
0.05
1.61
2.47
2.79
2.63
4.44
0.05

Validation
Points (m)

5

1

8

3

74

0.
0
0
0
0
0
0
0
0
0.
0
0.
0
0
0
0
0
0
0
0
0
0
0.
0
0.
0
0
0
0
0
0.2
0

0

0

0

0

0.

52
0
0.64
0.5
1.8
0
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Error (m)

0.500
-0.030
-0.060
-0.080
-1.230
-0.030
-0.130
-0.040
-0.050
-1.600
-0.670
-0.890
-0.030
-0.030
-0.030
-0.030
-0.530
-1.480
-0.190
-0.080
-0.070
-0.390
0.020
-0.060
-1.540
-0.040
-1.300
-0.030
-0.050
-0.070
0.170
-0.100
-0.030
-0.140
-0.030
-0.050
-1.090
-2.470
-2.150
-2.130
-2.640
-0.050

Event/Date

Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton

Rain
Return/
Scenario

25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year



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

Validation Coordinates . Rain

NE::’ter Model Va!ldatnon Error (m) Event/Date Return/

Lat Long Var (m) Points (m) Scenario
334 | 8.375374 126.3362 0.09 0.24 0.150 Agaton 25-year
335 8.375166 126.3322 0.19 0 -0.190 Agaton 25-year
336 8.378 126.3266 1.08 0 -1.080 Agaton 25-year
337 8.3792 126.329 0.51 0 -0.510 Agaton 25-year
338 8.3807 126.3303 1.5 0 -1.500 Agaton 25-year
339 8.375356 126.3208 0.24 0.1 -0.140 Agaton 25-year
340  8.376764 126.3178 0.36 0 -0.360 Agaton 25-year
341 8.376673 126.3179 0.77 0.31 -0.460 Agaton 25-year
342 8.379569 126.3141 0.15 0 -0.150 Agaton 25-year
343 8.381568 126.3153 0.39 0 -0.390 Agaton 25-year
344  8.381155 126.3131 0.03 0 -0.030 Agaton 25-year
345 8.402029 126.3216 0.03 0 -0.030 Agaton 25-year
346 8.39249 126.3149 0.03 0 -0.030 Agaton 25-year
347  8.393097 126.3119 0.35 0 -0.350 Agaton 25-year
348 | 8.387198 126.3128 0.04 0.21 0.170 Agaton 25-year
349 8.382337 126.3125 0.07 0 -0.070 Agaton 25-year
350  8.341477 126.2551 0.03 0 -0.030 Agaton 25-year
351 8.41505 126.2548 1.39 0 -1.390 Agaton 25-year
352 8.414923 126.2546 0.03 0 -0.030 Agaton 25-year
353 8.415988 126.2426 0.3 0 -0.300 Agaton 25-year
354 8.415434 126.2428 1.7 0 -1.700 Agaton 25-year
355 8.416207 126.2401 5.61 1.61 -4.000 Agaton 25-year
356  8.416566 126.2382 2.56 0.2 -2.360 Agaton 25-year
357  8.416423 126.238 2.74 1.79 -0.950 Agaton 25-year
358  8.416705 126.2373 0.73 0 -0.730 Agaton 25-year
359 8.416603 126.237 0.61 0 -0.610 Agaton 25-year
360  8.416725 126.237 0.34 0 -0.340 Agaton 25-year
361 8.416807 126.2364 0.5 0 -0.500 Agaton 25-year
362 8.416973 126.2362 0.28 0 -0.280 Agaton 25-year
363 8.41709 126.2356 0.14 0.24 0.100 Agaton 25-year
364  8.417012 126.2353 0.7 0 -0.700 Agaton 25-year
365 8.417221 126.2349 0.13 0.26 0.130 Agaton 25-year
366 8.41754 126.2351 0.75 0.2 -0.550 Agaton 25-year
367  8.417375 126.2348 0.04 0 -0.040 Agaton 25-year
368 8.41769 126.2345 0.08 0 -0.080 Agaton 25-year
369 8.41937 126.2335 4.87 1.5 -3.370 Agaton 25-year
370  8.364539 126.3334 0.03 0.3 0.27 Seniang 25-year
371 8.363677 126.3313 0.06 0.12 0.06 Seniang 25-year
372 8.364121 126.3317 0.06 0 -0.06 Seniang 25-year
373 8.364417 126.332 0.03 0 -0.03 Seniang 25-year
374 | 8.364786 126.3324 0.09 0.17 0.08 Seniang 25-year
375 8.365023 126.3335 0.24 0.35 0.11 Seniang 25-year
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Point
Number
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417

Validation Coordinates

Lat

8.364571
8.364146
8.363566
8.364212
8.367463
8.368847
8.370949
8.371968
8.374103
8.372097
8.36911
8.36852
8.370251
8.371115
8.371596
8.33727
8.403148
8.403607
8.403639
8.40357
8.405224
8.424132
8.423925
8.423474
8.372463
8.374583
8.372868
8.370529
8.368819
8.364254
8.362636
8.363346
8.356979
8.354631
8.342638
8.342571
8.341745
8.319812
8.319149
8.317695
8.369597
8.36957

Long

126.3346
126.3349
126.3351
126.3353
126.3383
126.3381
126.3376
126.3371
126.3341
126.3358
126.335
126.3313
126.3337
126.3317
126.3285
126.3262
126.3219
126.3223
126.3371
126.3377
126.338
126.3153
126.3158
126.3161
126.3223
126.32
126.3163
126.3121
126.3129
126.3218
126.3286
126.3309
126.2674
126.2664
126.3183
126.3186
126.3227
126.2725
126.2741
126.275
126.2621
126.2535

Model
Var (m)
0.14
0.33
0.31
0.26
0.09
0.22
1.37
0.3
0.03
0.32
0.36
0.67
0.32
0.21
0.38

0
0.16
0.15
0.03
0.03
0.03
0.05
0.09
0.08
0.49
0.21
0.19
0.47
0.34
0.29
0.1
0.1
0.05
0.03
0

0

0
0.03
0.03

0.03
0.06

Validation
Points (m)
0.18

0.3

0
0.3
0

0

0
0.6
0
0.04

0.13

o o o o o
N
o

O OO0 OO0 OO0 OO0 OO0 0 o000 o0 o oo o o o o
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Error (m)

0.04
-0.03
-0.31
0.04
-0.09
-0.22
-1.37
0.3
-0.03
-0.28
-0.36
-0.54
-0.32
-0.21
-0.38
0.26
-0.16
-0.15
-0.03
-0.03
-0.03
-0.05
-0.09
-0.08
-0.49
-0.18
-0.19
-0.47
0.61
-0.29
-0.1
0.53
-0.05
-0.03
0
0
0
-0.03
-0.03
0.5
-0.03
-0.06

Event/Date

Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang

Rain
Return/
Scenario

25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year



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

Validation Coordinates . Rain

NE::’ter Model Va!ldatnon Error (m) Event/Date Return/

Lat Long Var (m) Points (m) Scenario
418 | 8.369569 126.2532 0.08 0 -0.08 Seniang 25-year
419 8.36998 126.2496 1.23 0 -1.23 Seniang 25-year
420 8.38972 126.2433 0.03 0 -0.03 Seniang 25-year
421 8.389895 126.2433 0.13 0 -0.13 Seniang 25-year
422 8.391496 126.2438 0.04 0 -0.04 Seniang 25-year
423 8.391556 126.2439 0.05 0 -0.05 Seniang 25-year
424 | 8.397622 126.2801 1.7 0.1 -1.6 Seniang 25-year
425 8.414518 126.255 0.67 0 -0.67 Seniang 25-year
426 8.415118 126.2548 1.69 0.8 -0.89 Seniang 25-year
427  8.414912 126.2546 0.03 0 -0.03 Seniang 25-year
428 | 8.368886 126.2953 0.03 0 -0.03 Seniang 25-year
429 8.370474 126.2972 0.03 0 -0.03 Seniang 25-year
430 8.452739 126.262 0.03 0 -0.03 Seniang 25-year
431 8.453302 126.252 0.53 0 -0.53 Seniang 25-year
432 8.451396 126.2518 1.48 0 -1.48 Seniang 25-year
433 8.4511 126.2524 0.19 0 -0.19 Seniang 25-year
434  8.473721 126.2371 0.08 0 -0.08 Seniang 25-year
435 8.473735 126.2366 0.07 0 -0.07 Seniang 25-year
436 8.476041 126.234 0.39 0 -0.39 Seniang 25-year
437  8.475748 126.2321 0.28 0.3 0.02 Seniang 25-year
438 8.47775 126.2313 0.06 0 -0.06 Seniang 25-year
439 8.475527 126.2121 2.28 0.74 -1.54 Seniang 25-year
440 8.511474 126.1279 0.04 0 -0.04 Seniang 25-year
441 8.475066 126.2123 1.3 0 -1.3 Seniang 25-year
442 8.511795 126.1608 0.03 0 -0.03 Seniang 25-year
443 8.511896 126.1611 0.05 0 -0.05 Seniang 25-year
444 8.512077 126.1601 0.07 0 -0.07 Seniang 25-year
445 8.511159 126.1282 0.03 0.2 0.17 Seniang 25-year
446  8.511479 126.1595 0.1 0 -0.1 Seniang 25-year
447 8.420978 126.228 0.03 0 -0.03 Seniang 25-year
448 | 8.424191 126.2382 0.14 0 -0.14 Seniang 25-year
449 8.4239 126.3236 0.03 0 -0.03 Seniang 25-year
450 8.423263 126.236 0.05 0 -0.05 Seniang 25-year
451 8.476264 126.2133 1.61 0.52 -1.09 Seniang 25-year
452 8.475941 126.213 2.47 0 -2.47 Seniang 25-year
453 8.475948 126.2127 2.79 0.64 -2.15 Seniang 25-year
454 8.475824 126.2124 2.63 0.5 -2.13 Seniang 25-year
455 8.416066 126.2407 4.44 1.8 -2.64 Seniang 25-year
456 | 8.375506 126.3303 0.05 0 -0.05 Seniang 25-year
457 8.375374 126.3362 0.09 0.24 0.15 Seniang 25-year
458  8.375166 126.3322 0.19 0 -0.19 Seniang 25-year
459 8.378 126.3266 1.08 0 -1.08 Seniang 25-year
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Point
Number
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501

Validation Coordinates

Lat

8.3792
8.3807
8.375356
8.376764
8.376673
8.379569
8.381568
8.381155
8.402029
8.39249
8.393097
8.387198
8.382337
8.341477
8.41505
8.414923
8.415988
8.415434
8.416207
8.416566
8.416423
8.416705
8.416603
8.416725
8.416807
8.416973
8.41709
8.417012
8.417221
8.41754
8.417375
8.41769
8.41937
8.364539
8.363677
8.364121
8.364417
8.364786
8.365023
8.364571
8.364146
8.363566

Long

126.329
126.3303
126.3208
126.3178
126.3179
126.3141
126.3153
126.3131
126.3216
126.3149
126.3119
126.3128
126.3125
126.2551
126.2548
126.2546
126.2426
126.2428
126.2401
126.2382

126.238
126.2373

126.237

126.237
126.2364
126.2362
126.2356
126.2353
126.2349
126.2351
126.2348
126.2345
126.2335
126.3334
126.3313
126.3317

126.332
126.3324
126.3335
126.3346
126.3349
126.3351

Model
Var (m)
0.51
1.5
0.24
0.36
0.77
0.15
0.39
0.03
0.03
0.03
0.35
0.04
0.07
0.03
1.39
0.03
0.3
1.7
5.61
2.56
2.74
0.73
0.61
0.34
0.5
0.28
0.14
0.7
0.13
0.75
0.04
0.08
4.87
0.03
0.07
0.07
0.03
0.09
0.28
0.18
0.36
0.33

Validation
Points (m)

[

w
=

O OO 00O OO OO0 o0 o0 o oo oo oo
N
=

=
(<))
=

0.2

0.12

0.17
0.35
0.18
0.3
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Error (m)

-0.51
-1.5
-0.14
-0.36
-0.46
-0.15
-0.39
-0.03
-0.03
-0.03
-0.35
0.17
-0.07
-0.03
-1.39
-0.03
0.3
1.7
-4
-2.36
-0.95
-0.73
-0.61
-0.34
-0.5
-0.28
0.1
-0.7
0.13
-0.55
-0.04
-0.08
-3.37
0.27
0.05
-0.07
-0.03
0.08
0.07

-0.06
-0.33

Event/Date

Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton
Agaton

Rain
Return/
Scenario

25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
25-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year



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

Validation Coordinates . Rain

NE::’ter Model Va!ldatnon Error (m) Event/Date Return/

Lat Long Var (m) Points (m) Scenario
502 8.364212 126.3353 0.29 0.3 0.01 Agaton 100-year
503 8.367463 126.3383 0.1 0 -0.1 Agaton 100-year
504  8.368847 126.3381 0.29 0 -0.29 Agaton 100-year
505 8.370949 126.3376 1.7 0 -1.7 Agaton 100-year
506 @ 8.371968 126.3371 0.33 0.6 0.27 Agaton 100-year
507  8.374103 126.3341 0.03 0 -0.03 Agaton 100-year
508  8.372097 126.3358 0.35 0.04 -0.31 Agaton 100-year
509 8.36911 126.335 0.4 0 -0.4 Agaton 100-year
510 8.36852 126.3313 0.74 0.13 -0.61 Agaton 100-year
511 8.370251 126.3337 0.37 0 -0.37 Agaton 100-year
512 8.371115 126.3317 0.24 0 -0.24 Agaton 100-year
513 8.371596 126.3285 0.49 0 -0.49 Agaton 100-year
514 8.33727 126.3262 0 0.26 0.26 Agaton 100-year
515 8.403148 126.3219 1.42 0 -1.42 Agaton 100-year
516  8.403607 126.3223 0.42 0 -0.42 Agaton 100-year
517 8.403639 126.3371 0.03 0 -0.03 Agaton 100-year
518 8.40357 126.3377 0.04 0 -0.04 Agaton 100-year
519 8.405224 126.338 0.03 0 -0.03 Agaton 100-year
520 8.424132 126.3153 0.06 0 -0.06 Agaton 100-year
521 8.423925 126.3158 0.1 0 -0.1 Agaton 100-year
522 8.423474 126.3161 0.1 0 -0.1 Agaton 100-year
523 8.372463 126.3223 0.55 0 -0.55 Agaton 100-year
524 8.374583 126.32 0.27 0.03 -0.24 Agaton 100-year
525 8.372868 126.3163 0.21 0 -0.21 Agaton 100-year
526  8.370529 126.3121 0.55 0 -0.55 Agaton 100-year
527  8.368819 126.3129 0.59 0.95 0.36 Agaton 100-year
528  8.364254 126.3218 0.39 0 -0.39 Agaton 100-year
529 8.362636 126.3286 0.12 0 -0.12 Agaton 100-year
530  8.363346 126.3309 0.14 0.63 0.49 Agaton 100-year
531 8.356979 126.2674 0.06 0 -0.06 Agaton 100-year
532 8.354631 126.2664 0.03 0 -0.03 Agaton 100-year
533 8.342638 126.3183 0 0 0 Agaton 100-year
534 8.342571 126.3186 0 0 0 Agaton 100-year
535 8.341745 126.3227 0 0 0 Agaton 100-year
536  8.319812 126.2725 0.03 0 -0.03 Agaton 100-year
537  8.319149 126.2741 0.03 0 -0.03 Agaton 100-year
538 8.317695 126.275 0 0.5 0.5 Agaton 100-year
539 8.369597 126.2621 0.04 0 -0.04 Agaton 100-year
540 8.36957 126.2535 0.06 0 -0.06 Agaton 100-year
541 8.369569 126.2532 0.08 0 -0.08 Agaton 100-year
542 8.36998 126.2496 1.58 0 -1.58 Agaton 100-year
543 8.38972 126.2433 0.03 0 -0.03 Agaton 100-year
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Point
Number
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

Validation Coordinates

Lat

8.389895
8.391496
8.391556
8.397622
8.414518
8.415118
8.414912
8.368886
8.370474
8.452739
8.453302
8.451396
8.4511
8.473721
8.473735
8.476041
8.475748
8.47775
8.475527
8.511474
8.475066
8.511795
8.511896
8.512077
8.511159
8.511479
8.420978
8.424191
8.4239
8.423263
8.476264
8.475941
8.475948
8.475824
8.416066
8.375506
8.375374
8.375166
8.378
8.3792
8.3807
8.375356

Long

126.2433
126.2438
126.2439
126.2801
126.255
126.2548
126.2546
126.2953
126.2972
126.262
126.252
126.2518
126.2524
126.2371
126.2366
126.234
126.2321
126.2313
126.2121
126.1279
126.2123
126.1608
126.1611
126.1601
126.1282
126.1595
126.228
126.2382
126.3236
126.236
126.2133
126.213
126.2127
126.2124
126.2407
126.3303
126.3362
126.3322
126.3266
126.329
126.3303
126.3208

Model
Var (m)
0.15
0.05
0.06
1.99
0.73
3.34
0.03
0.03
0.03
0.03
0.58
1.54
0.26
0.09
0.07
0.44
0.32
0.06
2.81
0.22
1.83
0.03
0.05
0.09
0.29
0.41
0.03
0.22
0.03
0.5
2.15

3
331
3.15
6.39
0.05
0.1
0.2
1.26
0.7
2.28
0.28

Validation
Points (m)
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0.64
0.5
1.8

0.24

0.1
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Error (m)

-0.15
-0.05
-0.06
-1.89
-0.73
-2.54
-0.03
-0.03
-0.03
-0.03
-0.58
-1.54
-0.26
-0.09
-0.07
-0.44
-0.02
-0.06
-2.07
-0.22
-1.83
-0.03
-0.05
-0.09
-0.09
-0.41
-0.03
-0.22
-0.03
-0.5
-1.63
-3
-2.67
-2.65
-4.59
-0.05
0.14
-0.2
-1.26
-0.7
-2.28
-0.18
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Agaton
Agaton
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Agaton
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Agaton
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Agaton
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100-year
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100-year
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100-year
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Validation Coordinates . Rain

NE::’ter Model Va!ldatnon Error (m) Event/Date Return/

Lat Long Var (m) Points (m) Scenario
586 @ 8.376764 126.3178 0.45 0 -0.45 Agaton 100-year
587 8.376673 126.3179 0.87 0.31 -0.56 Agaton 100-year
588  8.379569 126.3141 0.17 0 -0.17 Agaton 100-year
589 8.381568 126.3153 0.4 0 -0.4 Agaton 100-year
590  8.381155 126.3131 0.03 0 -0.03 Agaton 100-year
591 8.402029 126.3216 0.03 0 -0.03 Agaton 100-year
592 8.39249 126.3149 0.03 0 -0.03 Agaton 100-year
593 8.393097 126.3119 0.39 0 -0.39 Agaton 100-year
594 8.387198 126.3128 0.04 0.21 0.17 Agaton 100-year
595 8.382337 126.3125 0.07 0 -0.07 Agaton 100-year
596  8.341477 126.2551 0.03 0 -0.03 Agaton 100-year
597 8.41505 126.2548 3.03 0 -3.03 Agaton 100-year
598  8.414923 126.2546 0.03 0 -0.03 Agaton 100-year
599 8.415988 126.2426 2.14 0 -2.14 Agaton 100-year
600  8.415434 126.2428 3.54 0 -3.54 Agaton 100-year
601 8.416207 126.2401 7.57 1.61 -5.96 Agaton 100-year
602 8.416566 126.2382 4.54 0.2 -4.34 Agaton 100-year
603 8.416423 126.238 4.72 1.79 -2.93 Agaton 100-year
604 8.416705 126.2373 2.73 0 -2.73 Agaton 100-year
605 8.416603 126.237 2.55 0 -2.55 Agaton 100-year
606  8.416725 126.237 2.35 0 -2.35 Agaton 100-year
607  8.416807 126.2364 1.59 0 -1.59 Agaton 100-year
608 8.416973 126.2362 1.17 0 -1.17 Agaton 100-year
609 8.41709 126.2356 1.27 0.24 -1.03 Agaton 100-year
610  8.417012 126.2353 0.75 0 -0.75 Agaton 100-year
611 8.417221 126.2349 0.18 0.26 0.08 Agaton 100-year
612 8.41754 126.2351 2.7 0.2 -2.5 Agaton 100-year
613 8.417375 126.2348 0.06 0 -0.06 Agaton 100-year
614 8.41769 126.2345 0.72 0 -0.72 Agaton 100-year
615 8.41937 126.2335 6.88 15 -5.38 Agaton 100-year
616  8.364539 126.3334 0.03 0.3 0.27 Seniang 100-year
617  8.363677 126.3313 0.07 0.12 0.05 Seniang 100-year
618 8.364121 126.3317 0.07 0 -0.07 Seniang 100-year
619 8.364417 126.332 0.03 0 -0.03 Seniang 100-year
620  8.364786 126.3324 0.09 0.17 0.08 Seniang 100-year
621 8.365023 126.3335 0.28 0.35 0.07 Seniang 100-year
622 8.364571 126.3346 0.18 0.18 0 Seniang 100-year
623 8.364146 126.3349 0.36 0.3 -0.06 Seniang 100-year
624 | 8.363566 126.3351 0.33 0 -0.33 Seniang 100-year
625 8.364212 126.3353 0.29 0.3 0.01 Seniang 100-year
626  8.367463 126.3383 0.1 0 -0.1 Seniang 100-year
627  8.368847 126.3381 0.29 0 -0.29 Seniang 100-year
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Point
Number
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669

Validation Coordinates

Lat

8.370949
8.371968
8.374103
8.372097
8.36911
8.36852
8.370251
8.371115
8.371596
8.33727
8.403148
8.403607
8.403639
8.40357
8.405224
8.424132
8.423925
8.423474
8.372463
8.374583
8.372868
8.370529
8.368819
8.364254
8.362636
8.363346
8.356979
8.354631
8.342638
8.342571
8.341745
8.319812
8.319149
8.317695
8.369597
8.36957
8.369569
8.36998
8.38972
8.389895
8.391496
8.391556

Long

126.3376
126.3371
126.3341
126.3358
126.335
126.3313
126.3337
126.3317
126.3285
126.3262
126.3219
126.3223
126.3371
126.3377
126.338
126.3153
126.3158
126.3161
126.3223
126.32
126.3163
126.3121
126.3129
126.3218
126.3286
126.3309
126.2674
126.2664
126.3183
126.3186
126.3227
126.2725
126.2741
126.275
126.2621
126.2535
126.2532
126.2496
126.2433
126.2433
126.2438
126.2439

Model
Var (m)
1.7
0.33
0.03
0.35
0.4
0.74
0.37
0.24
0.49
0
1.42
0.42
0.03
0.04
0.03
0.06
0.1
0.1
0.55
0.27
0.21
0.55
0.59
0.39
0.12
0.14
0.06
0.03
0

0

0
0.03
0.03

0.04
0.06
0.08
1.58
0.03
0.15
0.05
0.06

Validation
Points (m)
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Error (m)
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0
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Seniang
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Seniang
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Validation Coordinates . Rain

NE::’ter Model Va!ldatnon Error (m) Event/Date Return/

Lat Long Var (m) Points (m) Scenario
670 8.397622 126.2801 1.99 0.1 -1.89 Seniang 100-year
671 8.414518 126.255 0.73 0 -0.73 Seniang 100-year
672  8.415118 126.2548 3.34 0.8 -2.54 Seniang 100-year
673  8.414912 126.2546 0.03 0 -0.03 Seniang 100-year
674 = 8.368886 126.2953 0.03 0 -0.03 Seniang 100-year
675 8.370474 126.2972 0.03 0 -0.03 Seniang 100-year
676  8.452739 126.262 0.03 0 -0.03 Seniang 100-year
677  8.453302 126.252 0.58 0 -0.58 Seniang 100-year
678 8.451396 126.2518 1.54 0 -1.54 Seniang 100-year
679 8.4511 126.2524 0.26 0 -0.26 Seniang 100-year
680 8.473721 126.2371 0.09 0 -0.09 Seniang 100-year
681  8.473735 126.2366 0.07 0 -0.07 Seniang 100-year
682 8.476041 126.234 0.44 0 -0.44 Seniang 100-year
683 | 8.475748 126.2321 0.32 0.3 -0.02 Seniang 100-year
684 8.47775 126.2313 0.06 0 -0.06 Seniang 100-year
685 8.475527 126.2121 2.81 0.74 -2.07 Seniang 100-year
686 @ 8.511474 126.1279 0.22 0 -0.22 Seniang 100-year
687 | 8.475066 126.2123 1.83 0 -1.83 Seniang 100-year
688 8.511795 126.1608 0.03 0 -0.03 Seniang 100-year
689  8.511896 126.1611 0.05 0 -0.05 Seniang 100-year
690  8.512077 126.1601 0.09 0 -0.09 Seniang 100-year
691  8.511159 126.1282 0.29 0.2 -0.09 Seniang 100-year
692 8.511479 126.1595 0.41 0 -0.41 Seniang 100-year
693 | 8.420978 126.228 0.03 0 -0.03 Seniang 100-year
694  8.424191 126.2382 0.22 0 -0.22 Seniang 100-year
695 8.4239 126.3236 0.03 0 -0.03 Seniang 100-year
696  8.423263 126.236 0.5 0 -0.5 Seniang 100-year
697  8.476264 126.2133 2.15 0.52 -1.63 Seniang 100-year
698  8.475941 126.213 3 0 -3 Seniang 100-year
699 | 8.475948 126.2127 331 0.64 -2.67 Seniang 100-year
700 @ 8.475824 126.2124 3.15 0.5 -2.65 Seniang 100-year
701 8.416066 126.2407 6.39 1.8 -4.59 Seniang 100-year
702 8.375506 126.3303 0.05 0 -0.05 Seniang 100-year
703 | 8.375374 126.3362 0.1 0.24 0.14 Seniang 100-year
704 = 8.375166 126.3322 0.2 0 -0.2 Seniang 100-year
705 8.378 126.3266 1.26 0 -1.26 Seniang 100-year
706 8.3792 126.329 0.7 0 -0.7 Seniang 100-year
707 8.3807 126.3303 2.28 0 -2.28 Seniang 100-year
708 = 8.375356 126.3208 0.28 0.1 -0.18 Seniang 100-year
709 8.376764 126.3178 0.45 0 -0.45 Seniang 100-year
710  8.376673 126.3179 0.87 0.31 -0.56 Seniang 100-year
711 8.379569 126.3141 0.17 0 -0.17 Seniang 100-year
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Point
Number
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738

Validation Coordinates

Lat

8.381568
8.381155
8.402029
8.39249
8.393097
8.387198
8.382337
8.341477
8.41505
8.414923
8.415988
8.415434
8.416207
8.416566
8.416423
8.416705
8.416603
8.416725
8.416807
8.416973
8.41709
8.417012
8.417221
8.41754
8.417375
8.41769
8.41937

Long

126.3153
126.3131
126.3216
126.3149
126.3119
126.3128
126.3125
126.2551
126.2548
126.2546
126.2426
126.2428
126.2401
126.2382
126.238
126.2373
126.237
126.237
126.2364
126.2362
126.2356
126.2353
126.2349
126.2351
126.2348
126.2345
126.2335

Model
Var (m)
0.4
0.03
0.03
0.03
0.39
0.04
0.07
0.03
3.03
0.03
2.14
3.54
7.57
4.54
4.72
2.73
2.55
2.35
1.59
1.17
1.27
0.75
0.18
2.7
0.06
0.72
6.88

Validation
Points (m)
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Error (m)

-0.4
-0.03
-0.03
-0.03
-0.39
0.17
-0.07
-0.03
-3.03
-0.03
-2.14
-3.54
-5.96
-4.34
-2.93
-2.73
-2.55
-2.35
-1.59
-1.17
-1.03
-0.75
0.08
-2.5
-0.06
-0.72
-5.38

Event/Date

Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang
Seniang

Rain
Return/
Scenario

100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year
100-year



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

ANNEX 12. Educational Institutions Affected by Flooding in Hinatuan Floodplain
Table A-12.1. Educational Institutions Affected by Flooding in Hinatuan Floodplin

Surigao del Sur

Barobo
Rainfall Scenario
Building Name Barangay
5-year 25-year 100-year
Amaga Elementary School Bahi 1 2 2
Dinuyan Elementary School Cambagang 0 0 0
Sinai Elementary School Cambagang 3 3 3
Dughan Elementary School Dughan 0 0 0
Nuevo Paraiso Elementary School Gamut 0 0 0
Guinhalinan Elementary School Javier 1 1 1
Javier Elementary School Javier 0 0 0
Javier National High School Javier 2 3 3
San Jose Elementary School San Jose 0 0 0
San Roque Elementary School San Roque 2 2 3
Bahi Elementary School Tambis 0 0 0
Tambis Elementary School Tambis 0 0 1
Tambis National High School Tambis 0 0 0
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Surigao del Sur

Hinatuan
Rainfall Scenario
Building Name Barangay
5-year 25-year 100-year
Dugmanon Elementary School Dugmanon 0 0 0
Sasa Elementary School Dugmanon 0 0 1
Bitoon Elementary School La Casa 1 2 2
Dugmanon Elementary School Pagtigni-an 0 0 0
Tiwi Elementary School SanJuan 0 0 0
Pocto Elementary School SanJuan 0 0 0
Tabok Elementary School Tagbobonga 2 2 2
Father Urios Academy Tiwi 0 0 1
Hinatuan Day Care Center Zone ll 0 0 0
Hinatuan South Central Elementary 7one || 0 0 0
School
Hinatuan Southern College Zone Il 0 0 0
Hinatuan National Comprehensive High 7one || 1 1 1
School
Hinatuan North Central Elementary Zone Il Maharlika 1 1 1
School
Surigao del Sur
Liangan
Rainfall Scenario
Building Name Barangay
5-year 25-year 100-year
Jose U. Cortes Elementary School Liatimco
Zone Il Maharlika 0 0 1
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Surigao del Sur

Tagbina
Rainfall Scenario
Building Name Barangay
5-year 25-year 100-year
Manambia Elementary School Batunan 0 2 2
Kahayagan National High School Carpenito 0 0 0
Kahayagan Elementary School Kahayagan 1 1 1
Kahayagan National High School Kahayagan 0 0 0
Mabuhay Elementary School Kahayagan 0 0 0
Lago Elementary School Lago 0 1 1
Maglambing Integrated School Maglambing 2 0 0
Causwagan Elementary School Magsaysay 0 1 1
Magsaysay Elementary School Magsaysay 0 0 0
Katipunan Elementary School Manambia 0 0 0
Surigao del Sur State University Manambia 0 2 2
Surigao del Sur State University Poblacion 1 2 2
Trinidad Elementary School Poblacion 1 0 0
Quezon Elementary School Quezon 0 3 3
Malixi Elementary School San Vicente 2 2
Sta. Fe Elementary School Santa Fe 0 1
Mahayahay Primary School Santa Maria 0 0
Roxas National High School Santa Maria 0 0
Tuburan Primary School Santa Maria 3 3
Sayon Elementary School Sayon 0 0
Surigao del Sur State University Sayon 0 0
Tagbina Central Elementary School Sayon 0 0
Tagbina National High School Sayon 0 0
Batonan Elementary School Soriano 2 3
Soriano Elementary School Soriano 0 0
Carpenito Elementary School Tagongon 2 3
Tagongon Elementary School Tagongon 0 2
Osme Ea Integrated School Trinidad 0 0
Quary | Integrated School Villaverde 3 3
Villaverde Elementary School Villaverde 0 0
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ANNEX 13. Medical Institutions Affected by Flooding in Hinatuan Floodplain

Table A-13.1. Medical Institutions Affected by Flooding in Hinatuan Floodplain

Surigao del Sur

Liangan
Rainfall Scenario
Building Name Barangay
5-year 25-year 100-year
Hinatuan District Hospital Benigno Aquino 0 0 0
Hinatuan District Hospital Zone Il 0 0 0
Hinatuan Municipal Health Center Zone Il 1 1 1
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