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CHAPTER 1: OVERVIEW OF THE PROGRAM AND
MANUPALI RIVER

Enrico C. Paringit, Dr. Eng., and Dr. George R. Puno

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).

The implementing partner university for the Phil-LiDAR 1 Program is the Central Mindanao University
(CMU). CMU 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 13 river basins in the Central Mindanao Region. The
university is located in Maramag in the province of Bukidnon.
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1.2 Overview of the Manupali River Basin
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Figure 1. Map of the Manupali River Basin in brown

The 50,553-hectare Manupali river basin largely covers the Municipality of Lantapan, some parts of Talakag
and few portions of Valencia City and Malaybalay City in the province of Bukidnon. It geographically lies
between 7°58’38.93” to 8°13’50.16” north latitudes and 124°55’7.81” to 125°14'26.85” east longitudes.
The Manupali River is a tributary of a relatively bigger Pulangi watershed. Its headwaters emanates from
Kalatungan and Kitanglad mountain ranges, both declared as protected areas and belonged to the ancestral
domain of the Talaandig tribe. It consists of four major tributaries namely Tugasan, Maagnao, Alanib and
Kulasihan.

The Manupali River Basin also traverses the barangays of Mailag, Colonia, San Carlos, Lurogan and Mt.
Nebo in the City of Valencia, barangays Lantapan, Kulasihan, Bantuanon and Poblacion in the Municipality
of Lantapan and Sto. Nifio and Bangcud in the City of Malaybalay, Bukidnon. The DENR River Basin Control
Office (RBCO) states that the Sawaga River Basin has a drainage area of 1,047 km? with an estimated
annual run-off of 1.216 cubic meter (MCM) (RBCO, 2015).

Downstream portions of the watershed are utilized for large-scale plantations of corn, banana, pineapple
and sugarcane serving as a core agri-based center in the province. Moreover, the river irrigates vast rice
fields in Valencia City. The river water however is evidently degrading in quantity and quality. Increasing
population and land use conversions increased runoff and flood hazards in the communities along the
river channels and floodplains. The floodplains of Manupali river namely Barangays Bangcud, Colonia,
Aglayan of Malaybalay City, among others are greatly affected by flooding in the past years. Recent flood
incidents include the August and December 2007 events, Typhoon Pablo on December 2012, on October
and September of 2012, and October of 2013.
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According to the 2015 national census of PSA, a total of 52,350 persons are residing in the barangays in
the City of Lantapan, Malaybalay and Valencia that are within the immediate vicinity of the river. The
economy of the province of Bukidnon largely rests on agriculture particularly farming, fishing, trade, and
commerce. The province is a major producer of rice, corn, sugar, coffee and cassava (Province of Bukidnon
Brief Information, 2014). On January 19, 2017, the tail-end of a cold front triggered floods in parts of
Mindanao, including eight (8) barangays in the City of Valencia in the Province of Bukidnon. (Lagsa, 2017).

Manupali river is among the 13 rivers assigned to Central Mindanao University CMU under the Phil-LiDAR
1 Program generated with up-to-date, detailed, and high-resolution three-dimensional (3D) flood hazard
maps using Light Detection and Ranging (LiDAR) technology. These maps were generated through flood
modelinginvolving two simulations, the hydrologic and hydraulic simulations performed using standalone
softwares of Hydrologic Engineering Centre’s — Hydrologic Modeling System (HEC-HMS) and Hydrologic
Engineering Centre’s — Hydrologic River Analysis System (HEC-RAS).HMS models the upstream and
simulates the complete hydrologic processes of dendritic watershed systems while RAS models the flood
plain to perform one-dimensional (1D) unsteady flow river hydraulics calculations.

The model was generated through delineation of the basin using Synthetic Aperture Radar (SAR) 10m
Digital Elevation Model (DEM) with default threshold area of 500 hectares. The model consists of twenty-
six (26) sub-basins, thirteen (13) reaches and fourteen (14) junctions and was calibrated using an event on
May23-34, 2016. Statistical efficiency tests revealed a satisfactory model performance.

Using the calibrated model, hypothetical discharge scenarios were simulated using Rainfall Intensity
Duration Frequency (RIDF) data of Philippines Atmospheric Geophysical and Astronomical Services
Administration (PAG-ASA) based on a 31-year historical data of Malaybalay rain gauge. Flood hydraulic
simulation was performed using LiDAR Digital Terrain Model (DTM) consequently showing flood extent
and depth information. Flood generated project the flood scenarios for the 5-, 25-, and 100-year return
periods.
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CHAPTER 2: LIDAR DATA ACQUISITION OF THE
MANUPALI FLOODPLAIN

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

2.1 Flight Plans

Plans were made to acquire LiDAR data within the delineated priority area for Manupali floodplain in
Bukidnon. These missions were planned for 12 lines that ran for at most four and a half (4.5) hours including
take-off, landing and turning time. The flight planning parameters for the LiDAR system is found in Table 1.
Figure 2 shows the flight plan for Manupali floodplain.

Table 1. Flight planning parameters for Pegasus LiDAR system.

Flying Field of Rez::;on Scan Average Average
Block Name (:ejfg:) Overlap (%) View (6) L —— Fret(q::)ncy Speed (kts) '{It\xl:"r:‘ :’;r:sc;
(PRF) (KHz)
RX_BLKE 900 30 50 200 30 130 5
BLK 64A 900 30 50 200 30 130 5
BLK 64B 900 30 50 200 30 130 5
BLK 64C 900 30 50 200 30 130 5
BLK 64D 900 30 50 200 30 130 5
BLK 64E 900 30 50 200 30 130 5
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Figure 2. Flight plans and base stations for Manupali floodplain
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2.2 Ground Base Stations

The project team was able to recover six (6) NAMRIA ground control points: MSE-19, MSE-20, BKN-475
and BKN-478 which are of second (2"¥) order accuracy; and MSE-3241, MSE-3340 which are of third (3™)
order accuracy. The team was also able to recover one (1) NAMRIA benchmark: BK-56 which is of first (1°)
order vertical accuracy. The benchmark was used as vertical reference point and was also established as
ground control point. The certifications for the NAMRIA reference points are found in ANNEX 2. These
were used as base stations during flight operations for the entire duration of the survey (May 27 — July
10, 2014 and October 23 — November 14, 2016). Base stations were observed using dual frequency GPS
receivers, TRIMBLE SPS 882 and SPS 852. Flight plans and location of base stations used during the aerial
LiDAR acquisition in Manupali floodplain are shown in Figure 2.

Figure 3 to Figure 9 show the recovered NAMRIA reference points within the area. In addition, Table 2 to
Table 8 show the details about the following NAMRIA control stations, while Table 9 shows the list of all
ground control points occupied during the acquisition together with the corresponding dates of utilization.
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(a)

Figure 3. GPS set-up over MSE-19 at the center island located at the road intersections going to Cagayan de Oro,
Butuan City and Iligan City (a) and NAMRIA reference point MSE-19 (b) as recovered by the field team.

Table 2. Details of the recovered NAMRIA horizontal control point MSE-19 used as base station for the

LiDAR acquisition.
Station Name MSE-19
Order of Accuracy 2"d order
Relative Error (horizontal positioning) 1:50,000
Geographic Coordinates, Latitude 8° 30’ 19.11464"” North
Philippine Reference of 1992 Datum Longitude 124° 37’ 6.46518” East
(PRS 92) Ellipsoidal Height 11.24200 meters
_ Grid Coordinates, Easting 457,992.786 meters
Philippine Transverse Mercator Zone 5 Northin 940 451 853 meters
(PTM Zone 5 PRS 92) 8 A2
Geographic Coordinates, Latitude 8° 30’ 15.52234"” North
World Geodetic System 1984 Datum Longitude 124° 37’ 11.86795" East
(WGS 84) Ellipsoidal Height 78.72200 meters

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

Easting 678,151.65 meters
Northing 940,474.22 meters
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Figure 4. GPS set-up over MSE-20 in front of Cagayan de Oro Gardens Memorial Park, located at
Barangay Lumbia, Cagayan de Oro City (a) and NAMRIA reference point MSE-20 (b) as recovered

by the field team.
Table 3. Details of the recovered NAMRIA horizontal control point MSE-20 used as base station for the
LiDAR acquisition.
Station Name MSE-20
Order of Accuracy 2"d order
Relative Error (horizontal positioning) 1:50,000
Geographic Coordinates, Latitude 8° 25’ 34.65372" North
Philippine Reference of 1992 Datum Longitude 124° 36’ 50.02579" East
(PRS 92) Ellipsoidal Height 182.812 meters
_ Grid Coordinates, Easting 457481.339 meters
Philippine Transverse Mercator Zone 5 Northin 931713.993 meters
(PTM Zone 5 PRS 92) & '
Geographic Coordinates, Latitude 8° 25’ 31.08192” North
World Geodetic System 1984 Datum Longitude 124° 36’ 55.43561" East
(WGS 84) Ellipsoidal Height 250.444 meters
. Grid Coordinates, Easting 677685.12 meters
Universal Transverse Mercator Zone 51 North Northin 931773.67 meters
(UTM 51N PRS 1992) & '
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Figure 5. GPS set-up over MSE-3241 on a center island near a gasoline station beside
SM Cagayan de Oro (a) and NAMRIA reference point MSE-3241 (b) as recovered by the field team.

Table 4. Details of the recovered NAMRIA horizontal control point MSE-3241used as base station for the

LiDAR acquisition.
Station Name MSE-3241
Order of Accuracy 3" order
Relative Error (horizontal positioning) 1:20,000
Geographic Coordinates, Latitude 8° 27’ 31.07607” North
Philippine Reference of 1992 Datum Longitude 124° 37’ 23.18891” East
(PRS 92) Ellipsoidal Height 109.46700 meters
_ Grid Coordinates, Easting 458499.251 meters
Philippine Transverse Mercator Zone 5 Northin 935289.375 meters
(PTM Zone 5 PRS 92) g '
Geographic Coordinates, Latitude 8° 27’ 27.49608” North
World Geodetic System 1984 Datum Longitude 124° 37’ 28.59587” East
(WGS 84) Ellipsoidal Height 177.055 meters
Universal Tranf\:ﬁsceo:/lr:rl::tt::'Zone 51 North Easting 678684.71 meters
Northing 935314.30 meters

(UTM 51N PRS 1992)
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Figure 6. GPS set-up over MSE-3340 inside Agusan Barangay Plaza (a) and NAMRIA reference point
MSE-3340 (b) as recovered by the field team.

Table 5. Details of the recovered NAMRIA horizontal control point MSE-3340 used as base station for the

LiDAR acquisition.
Station Name MSE-3340
Order of Accuracy 3" order
Relative Error (horizontal positioning) 1:20,000
Geographic Coordinates, Latitude 8°29’ 23.43073” North
Philippine Reference of 1992 Datum Longitude 124° 44’ 11.52934” East
(PRS 92) Ellipsoidal Height 5.996 meters
o Grid Coordinates, Easting 470991.591 meters
Philippine Transverse Mercator Zone 5 Northin 983730 493 meters
(PTM Zone 5 PRS 92) & '
Geographic Coordinates, Latitude 8°29’ 19.85261” North
World Geodetic System 1984 Datum Longitude 124° 44’ 16.93252" East
(WGS 84) Ellipsoidal Height 73.801 meters
Grid Coordinates, Easting 691159.9 meters

Universal Transverse Mercator Zone 51 North

(UTM 51N PRS 1992) Northing 938819.85 meters

10
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Figure 7. GPS set-up over NAMRIA reference point BKN-475 inside Agusan Barangay Plaza

Table 6. Details of the recovered NAMRIA horizontal control point BKN-475 used as base station for the

LiDAR acquisition.
Station Name BKN-475
Order of Accuracy 2" order
Relative Error (horizontal positioning) 1:50,000
Geographic Coordinates, Latitude 8° 3’ 25.94887” North
Philippine Reference of 1992 Datum Longitude 125° 7' 58.6868" East
(PRS 92) Ellipsoidal Height 404.314 meters
_ Grid Coordinates, Easting 890880.244 meters
Philippine Transverse Mercator Zone 5 Northin 514656.29 meters
(PTM Zone 5 PRS 92) & '
Geographic Coordinates, Latitude 8°3’22.52096” North
World Geodetic System 1984 Datum Longitude 125° 8’ 4.12506” East
(WGS 84) Ellipsoidal Height 473.98 meters
Universal Trancs-i\:isceols/lr::::tts:'Zone 51 North Easting 891179.54 meters
Northing 735073.78 meters

(UTM 51N PRS 1992)

11
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Figure 8. GPS set-up over BKN-478 beside the basketball court of Purok 6, Brgy. Sinayawan, Valencia City (a)
and NAMRIA reference point BKN-475 (b) as recovered by the field team.

Table 7. Details of the recovered NAMRIA horizontal control point BKN-478 used as base station for the
LiDAR acquisition.

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)

BKN-478

2" order

1:50,000
Latitude 7° 52’ 39.32095” North
Longitude 125° 8’ 33.26511” East

Ellipsoidal Height 302.837 meters

Easting 871017.702 meters
Northing 515721.851 meters
Latitude 7° 52’ 35.94157” North
Longitude 125° 8’ 38.71964” East

Ellipsoidal Height 372.885 meters

871315.75 meters
736235.86 meters

Easting
Northing

12



Figure 9. GPS set-up over NAMRIA benchmark BK-5
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L

6 inside Agusan Barangay Plaza

Table 8. Details of the recovered NAMRIA benchmark BK-56 used as base station for the LiDAR acquisition with

Station Name
Order of Accuracy
Relative Error (horizontal positioning)

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

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

Grid Coordinates,
Universal Transverse Mercator Zone 51 North

processed coordinates.
BK-56
1%t order
1:50,000
Latitude 8°9’56.15912” North
Longitude 125° 6’ 49.1855” East
Ellipsoidal Height 657.991 meters
Latitude 8°9’52.70089” North
Longitude 125° 8’ 4.12506” East
Ellipsoidal Height 473.98 meters
Easting 732882.695 meters
Northing 903158.564 meters

(UTM 51N WGS 1984)

Elevation (mean sea level)

10.9546 meters

13
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Date Surveyed

May 27,2014
June 9, 2014

June 16, 2014
June 24,2014
July 10, 2014

October 23, 2016

October 24, 2016

October 25, 2016

November 6, 2016
November 6, 2016
November 7, 2016
November 8, 2016
November 10, 2016
November 11, 2016
November 12, 2016
November 13, 2016
November 13, 2016
November 14, 2016

Flight Number
1517P
1569P
1597P
1629P
1693P
23486P
23488P
23492pP
23516P
23518P
23520P
23524P
23534p
23536P
23540P
23544p
23546P
23548P

14

Mission Name
1RXE147A
1BLKRXE160A
1BLKRXE167A
1BLKRXES175A
1RXES191A
1BKND297A
1BKNDE298A
1BKNDE299A
1BKNF311A
1BKNF311B
1BKNF312A
1BKND313A
1BKNG315A
1BKNDE316A
1BKNE317A
1BKNE318A
1BKNE319A
1BLK64A320A

Table 9. Ground control points used during LiDAR data acquisition.

Ground Control Points

MSE-19 & MSE-3241
MSE-19 & MSE-3241
MSE-19 & MSE-3241
MSE-20 & MSE-3340
MSE-20 & MSE-3340

BKN-478 & BK-56
BKN-478 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
BKN-475 & BK-56
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2.3 Flight Missions

Two (2) missions under DREAM program covered around three hundred fourteen (314) square kilometers
(Table 10) within Manupali river basin. Eighteen (18) missions were conducted to complete the LiDAR data
acquisition in Manupali floodplain, for a total of seventy four hours and seven minutes (74+07) of flying
time for RP-C9022. All missions were acquired using the Pegasus LiDAR system. Table 11 shows the total
area of actual coverage and the corresponding flying hours per mission, while Table 12 presents the actual
parameters used during the LiDAR data acquisition.

Table 10. Flight missions under DREAM program which covers part of Manupali river basin.

Area Surveyed within the

Flight Number Mission Name Floodplain
(km?)
388G 2TAGWA224A 158.77
396G 2TAGWD226A 155.32
TOTAL 314.09

Table 11. Flight missions for LiDAR data acquisition in Manupali floodplain

Flight Area suf\f:;ed Flying Hours
Date Flight Plan Surveyed Sflrv.eyed outside LEh )

Surveyed Number Area (AI\(:?) :T::;;It;i the . (::r;ang]::) -

(km?) (km?) Floodplain Hr Min

(km?)

May 27, 2014 1517pP 522.19 164.99 0 164.99 NA 4 23
June 9, 2014 1569P 340.82  289.86 0 289.86 NA 4 18
June 16, 2014 1597pP 522.19 155.21 0 155.21 NA 4 0
June 24, 2014 1629P 182.55  223.66 0 223.66 527 3 47
July 10, 2014 1693P 522.19 196.80 0 196.80 NA 3 11
October 23, 2016 23486P 182.55 86.52 0 86.52 NA 3 41
October 24, 2016 23488P 133.31  155.98 0 155.98 NA 4 29
October 25, 2016 23492P  242.43 207.05 84.49 122.56 NA 4 23
November 6,2016  23516P  235.81  177.38 96.66 80.72 NA 5 16
November 6,2016  23518P  235.81 94.78 50.45 44.33 NA 2 29
November 7,2016 | 23520P  381.09 252.33 13296 119.37 NA 4 11
November 8, 2016  23524P 164.60  124.87 101.04 23.83 NA 4 29
November 10, 2016 = 23534P 145.29 50.15 11.36 38.79 NA 4 05
November 11,2016 = 23536P 164.60  105.80 35.01 70.79 NA 4 23
November 12,2016 23540P  242.43 96.13 20.24 75.89 NA 4 11
November 13,2016 23544P  242.43 189.41 @ 110.73 78.68 NA 4 11
November 13,2016 = 23546P 145.29  136.72  101.20 35.52 NA 4 11
November 14,2016 23548P  235.81  197.42 99.44 97.98 NA 4 29
TOTAL 4841.39 2905.06 843.58 2061.48 527 74 07
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Table 12. Actual parameters used during LiDAR data acquisition.

Nﬂ:ﬁtzr :Z:Lgt Ov(eo/:;ap I;(e))\l (:ﬁ:) Freztf:ncy ASV;:;:?:Ie Tﬁ:: ':I?ii\ee
(m AGL) (Hz) (kts) (Minutes)
1517pP 900 30 50 200 30 130 5
1569P 1000 30 50 200 30 130 5
1597P 800 30 50 200 30 130 5
1629P 1200 30 50 200 30 130 5
1693P 1100 30 50 200 30 130 5
23486P 800 30 50 200 30 130 5
23488P 800 30 50 200 30 130 5
23492pP 1000 30 50 200 30 130 5
23516P 1000 30 50 200 30 130 5
23518P 1000 30 50 200 30 130 5
23520P 1200 30 50 200 30 130 5
23524p 1200 30 50 200 30 130 5
23534P 1200 30 50 200 30 130 5
23536P 1200 30 50 200 30 130 5
23540pP 1200 30 50 200 30 130 5
23544p 1200 30 50 200 30 130 5
23546P 1200 30 50 200 30 130 5
23548P 1200 30 50 200 30 130 5
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2.4 Survey Coverage

Manupali floodplain is located in the province of Bukidnon with majority of the floodplain situated within
the City of Valencia and Malaybalay. Municipality of Manolo Fortich is mostly covered by the survey. The
list of municipalities and cities surveyed, with at least one (1) square kilometer coverage, is shown in Table
13. The actual coverage of the LiDAR acquisition for Manupali floodplain is presented in Figure 10.

Table 13. List of municipalities and cities surveyed during Manupali floodplain LiDAR survey.

Area of

Province Municipality/City Munic(ilr:::i;y/City Su:::;:g:"(i; 5 Perczr:lt:;g; :: Area
Manolo Fortich 350.15 249.97 71.39%
Libona 282.23 182.47 64.63%
Valencia City 726.07 393.05 54.13%
Sumilao 259.26 119.07 45.935
Maramag 323.88 91.75 28.32%
Bukidnon Lantapan 290.82 80.20 27.58%
Malaybalay City 1,115.98 281.10 25.19%
Malitbog 359.59 38.81 10.79%
Quezon 641.25 38.25 5.97%
Impasug-Ong 854.63 29.11 3.41%
Baungon 331.88 3.97 1.20%
Villanueva 46.05 32.51 70.60%
Jasaan 68.33 44.11 64.56%
Tagoloan 55.72 19.10 34.27%
Misamis Oriental

Cagayan de Oro City 440.17 147.73 33.56%
Claveria 768.95 28.33 3.68%

Balingasag 125.59 1.37 1.09
TOTAL 7,040.55 1,780.9 31.54%
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Figure 10. Actual LiDAR survey coverage for Manupali floodplain.
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CHAPTER 3: LIDAR DATA PROCESSING FOR
MANUPALI FLOODPLAIN

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

3.1 LiDAR Data Processing for Manupali Floodplain

3.1.1 Overview of the LiDAR Date Pre-Processing

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

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

These processes are summarized in the flowchart shown in Figure 11.
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Figure 11. 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 Manupali floodplain can be found in ANNEX 5. Missions
flown during the first survey conducted on August 2013 used the Airborne LiDAR Terrain Mapper (ALTM™
Optech Inc.) Gemini system while missions acquired during the last survey on November 2016 were flown
using the Pegasus system over Bukidnon, Northern Mindanao. The Data Acquisition Component (DAC)
transferred a total of 418.63 Gigabytes of Range data, 4.96 Gigabytes of POS data, 2827.02 Megabytes of
GPS base station data, and 79.66 Gigabytes of raw image data to the data server on August 12, 2013 for
the first survey and November 14, 2016 for the last survey. The Data Pre-processing Component (DPPC)
verified the completeness of the transferred data. The whole dataset for Manupali was fully transferred on
November 24, 2016, as indicated on the Data Transfer Sheets for Manupali floodplain.
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3.3 Trajectory Computation

The Smoothed Performance Metric parameters of the computed trajectory for flight 23534P, one of the
Manupali flights, which is the North, East, and Down position RMSE values are shown in Figure 12. The
x-axis corresponds to the time of flight, which is measured by the number of seconds from the midnight of
the start of the GPS week, which on that week fell on November 10, 2016 00:00AM. The y-axis is the RMSE
value for that particular position.

Position Root Mean Square Error (meters)
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Figure 12. Smoothed Performance Metric Parameters of a Manupali Flight 23534P.
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The time of flight was from 365000 seconds to 373500 seconds, which corresponds to morning of
November 10, 2016. The initial spike that is seen on the data corresponds to the time that the aircraft was
getting into position to start the acquisition, and the POS system starts computing for the position and
orientation of the aircraft. Redundant measurements from the POS system quickly minimized the RMSE
value of the positions. The periodic increase in RMSE values from an otherwise smoothly curving RMSE
values correspond to the turn-around period of the aircraft, when the aircraft makes a turn to start a new
flight line. Figure 12 shows that the North position RMSE peaks at 1.20 centimeters, the East position RMSE
peaks at 1.40 centimeters, and the Down position RMSE peaks at 4.30 centimeters, which are within the
prescribed accuracies described in the methodology.

Count
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Figure 13. Solution Status Parameters of Manupali Flight 23534P.
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The Solution Status parameters of flight 23534P, one of the Manupali flights, which are the number of
GPS satellites, Positional Dilution of Precision (PDOP), and the GPS processing mode used, are shown in
Figure 13. The graphs indicate that the number of satellites during the acquisition did not go down to 6.
Majority of the time, the number of satellites tracked was between 7 and 9. The PDOP value also did
not go above the value of 3, which indicates optimal GPS geometry. The processing mode stayed at the
value of 0 for majority of the survey with some peaks up to 1 attributed to the turns performed by the
aircraft. The value of O 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 Manupali flights is shown in Figure 14.
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Figure 14. The best estimated trajectory of the LiDAR missions conducted over the Manupali floodplain
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3.4 LiDAR Point Cloud Computation

The produced LAS data contains 276 flight lines, with each Gemini flight line containing one channel, and
each Pegasus flight line containing two channels. The summary of the self-calibration results obtained
from LiDAR processing in LIDAR Mapping Suite (LMS) software for all flights over Manupali floodplain are
given in Table 14.

Table 14. Self-Calibration Results values for Manupali flights.

Parameter Acceptable Value
Boresight Correction stdev (<0.001degrees) 0.000090
IMU Attitude Correction Roll and Pitch Corrections stdev (<0.001degrees) 0.000888
GPS Position Z-correction stdev (<0.01meters) 0.0066

The optimum accuracy values for all Manupali flights were calculated based on the computed standard
deviations of the corrections of the orientation parameters. Standard deviation values for individual blocks
are available in the ANNEX 8. Mission Summary Reports.
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3.5 LiDAR Data Quality Checking

The boundary of the processed LiDAR data on top of a SAR Elevation Data over Manupali Floodplain is
shown in Figure 15. The map shows gaps in the LiDAR coverage that are attributed to cloud coverage.
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Figure 15. Boundary of the processed LiDAR data over Manupali Floodplain

The total area covered by the Manupali missions is 2,772.84 km? that is comprised of nineteen (19) flight
acquisitions grouped and merged into nineteen (19) blocks as shown in Table 15.
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Table 15. List of LiDAR blocks for Manupali floodplain.

LiDAR Blocks Flight Numbers Area (sq. km)
Tagoloan_396G 396G 142.86
Tagoloan_388G 388G 150.69
1569P
NorthernMindanao_RX_BIkE_additional 1>97P 429.95
1629P
1693P
NorthernMindanao_RX_BIkE 1517pP 91.47
1569P
NorthernMindanao_RX_BIkE_additional2 1>97P 226.25
1629P
1693P
Bukidnon_BIk64A 23492pP 227.37
Bukidnon_BIk64A_additional 23534P 21.72
Bukidnon_BIk64A_supplement 23536P 80.87
Bukidnon_BIk64B_supplement2 235407 263.4
23544p
23516P
Bukidnon_BIk64B 23518P 244.68
23520P
Bukidnon_BIk64B_supplement 23548P 172.64
Bukidnon_BIk64C 23520 159.70
23516P
Bukidnon_BIk64C_additional 23534p 55.92
Bukidnon_BIk64C_supplement 23546P 119.87
Bukidnon_Blk64D 23524p 80.72
Bukidnon_BIk64D_additional 23524p 75.71
Bukidnon_BIk64D_supplement 23536P 23.74
Bukidnon_BIk64E 23488P 156.01
Bukidnon_BIk64E_supplement 23486P 49.27
TOTAL 2,772.84 sq.km

The overlap data for the merged LiDAR blocks, showing the number of channels that pass through a
particular location is shown in Figure 16. Since the Gemini system employs one channel, we would expect
an average value of 1 (blue) for areas where there is limited overlap, and a value of 2 (yellow) or more
(red) for areas with three or more overlapping flight lines. While for the Pegasus system which employs
two channels, we would expect an average value of 2 (blue) for areas where there is limited overlap and a
value of 3 (yellow) or more (red) for areas with three or more overlapping flight lines.
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Figure 16. Image of data overlap for Manupali floodplain.

The overlap statistics per block for the Manupali floodplain can be found in ANNEX 8. One pixel corresponds
to 25.0 square meters on the ground. For this area, the minimum and maximum percent overlaps are
27.70% and 72.40% respectively, which passed the 25% requirement.
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The density map for the merged LiDAR data, with the red parts showing the portions of the data that
satisfy the 2 points per square meter criterion is shown in Figure 17. It was determined that all LiDAR
data for Manupali floodplain satisfy the point density requirement, and the average density for the entire
survey area is 4.23 points per square meter.
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Figure 17. Density map of merged LiDAR data for Manupali floodplain.
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The elevation difference between overlaps of adjacent flight lines is shown in Figure 18. The default color
range is from blue to red, where bright blue areas correspond to portions where elevations of a previous
flight line, identified by its acquisition time, are higher by more than 0.20m relative to elevations of its
adjacent flight line. Bright red areas indicate portions where elevations of a previous flight line are lower
by more than 0.20m relative to elevations of its adjacent flight line. Areas with bright red or bright blue
need to be investigated further using Quick Terrain Modeler software.
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Figure 18. Elevation difference map between flight lines for Manupali floodplain.
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A screen capture of the processed LAS data from a Manupali flight 23534P loaded in QT Modeler is shown
in Figure 19. The upper left image shows the elevations of the points from two overlapping flight strips
traversed by the profile, illustrated by a dashed red line. The x-axis corresponds to the length of the profile.
It is evident that there are differences in elevation, but the differences do not exceed the 20-centimeter
mark. This profiling was repeated until the quality of the LiDAR data becomes satisfactory. No reprocessing
was done for this LiDAR dataset.
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Figure 19. Quality checking for a Manupali flight 23534P using the Profile Tool of QT Modeler.
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3.6 LiDAR Point Cloud Classification and Rasterization

Table 16. Manupali classification results in TerraScan.

Pertinent Class

Total Number of Points

Ground

3,857,468,123

Low Vegetation

2,850,039,233

Medium Vegetation

5,472,064,570

High Vegetation

5,504,381,780

Building

381,576,586

The tile system that TerraScan employed for the LiDAR data and the final classification image for a block in
Manupali floodplain is shown in Figure 20. A total of 3,754 1km by 1km tiles were produced. The number
of points classified to the pertinent categories is illustrated in Table 16. The point cloud has a maximum

and minimum height of 1,590.61 meters and 65.84 meters respectively.

0

5 10

20

Kilometers

Figure 20. Tiles for Manupali 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 21. 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.
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Figure 21. Point cloud before (a) and after (b) classification.

The production of last return (V_ASCII) and the secondary (T_ ASCIIl) DTM, first (S_ ASCIl) and last (D_ ASCII)
return DSM of the areain top view display are shown in Figure 22. It shows that DTMs are the representation
of the bare earth while on the DSMs, all features are present such as buildings and vegetation.

)
|

Figure 22. The production of the last return DSM (a) and DTM (b)), first return DSM (c¢) and secondary DTM (d)
in some portion of Manupali floodplain
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3.7 LiDAR Image Processing and Orthophotograph Rectification

The 301 1km by 1km tiles of the block covering the Manupali floodplain is shown in Figure 23. After tie
point selection to fix photo misalignments, color points were added to smoothen out visual inconsistencies
along the seamlines where photos overlap. The Manupali floodplain survey attained a total of 240.922 km?
in orthophotogaph coverage, comprised of 642 images. However, the block does not have a complete set
of orthophotographs and no orthophotographs cover the area of the Manupali floodplain. A zoomed in
version of sample orthophotographs named in reference to its tile number is shown in Figure 24.
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Figure 23. Available orthophotographs near Manupali floodplain.
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Figure 24. Sample orthophotograph tiles near Manupali floodplain.
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3.8 DEM Editing and Hydro-Correction
Nineteen (17) mission blocks were processed for Manupali flood plain. These blocks are composed of
Bukidnon, Tagoloan and NorthernMindanao missions with a total area of 2,772.84 square kilometers.

Table 17 shows the name and corresponding area of each block in square kilometers.

Table 17. LiDAR blocks with its corresponding area.

LiDAR Blocks Area (sq.km)
NorthernMindanao_RX_BIkE_additional 429.95
NorthernMindanao_RX_BIKE 91.47
NorthernMindanao_RX_BIKE_additional2 226.25
Bukidnon_BIk64A 227.37
Bukidnon_BIk64A_additional 21.72
Bukidnon_BIk64A_supplement 80.87
Bukidnon_BIk64B_supplement2 263.4
Bukidnon_BIlk64B 244.68
Bukidnon_BIk64B_supplement 172.64
Bukidnon_BIk64C 159.70
Bukidnon_BIk64C_additional 55.92
Bukidnon_BIk64C_supplement 119.87
Bukidnon_BIk64D 80.72
Bukidnon_BIk64D_additional 75.71
Bukidnon_BIk64D_supplement 23.74
Bukidnon_BIk64E 156.01
Bukidnon_BIk64E_supplement 49.27
TOTAL 2,772.84 sq.km
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Portions of DTM before and after manual editing are shown in Figure 25. The bridge (Figure 25a) and
abrupt elevation change through presence of high portions along the tributaries (Figure 25c) is considered
to be an impedance to the flow of water along the river and has to be removed (Figure 25b and Figure
25d) in order to hydrologically correct the river. This was done through interpolation process wherein a
specific polygon determines the upstream and downstream elevation values to generate an interpolated
portion of a river and eventually remove the bridge footprint. On the other hand, object retrieval was done
in areas which have been removed (Figure 25e) during classification process and have to be retrieved to
complete the surface (Figure 25f).

Figure 25. Portions in the DTM of Manupali floodplain - a bridge before (a) and after (b) manual editing; a point
of high elevation before (¢) and after (d) manual editing; and a paddy field before (e) and after (f) data retrieval.
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3.9 Mosaicking of Blocks

The Bukidnon_BIk64C was used as the reference block for mosaicking of Bukidnon blocks while Northern
Mindanao blocks used NorthernMindanao_RX_BIKE as reference. Table 18 shows the area of each LiDAR
blocks and the shift values applied during mosaicking. Shifting values were derived from the height
difference of the calibrated block and the overlapping adjacent block.

Mosaicked LiDAR DTM for Manupali floodplain is shown in Figure 26. It can be seen that the entire Manupali
floodplain is 100% covered by LiDAR data.

Table 18. Shift Values of each LiDAR Block of Manupali floodplain.
Shift Values (meters)
Mission Blocks
X y z

Blocks in Bukidnon

Bukidnon_BIk64A 0.00 0.00 -0.01
Bukidnon_BIk64A-supplement 0.00 0.00 0.03
Bukidnon_BIk64A_additional 0.00 0.00 -0.08
Bukidnon_BIk64B 0.00 0.00 -0.16
Bukidnon_BIk64B_supplement 0.00 0.00 -0.16
Bukidnon_BIk64B_supplement2 0.00 0.00 -0.03
Bukidnon_BIk64C 0.00 0.00 0.00
Bukidnon_BIk64C_supplement 0.00 0.00 0.08
Bukidnon_BIk64C_additional 0.00 0.00 0.17
Bukidnon_BIk64D 0.00 0.00 0.02
Bukidnon_BIk64D_supplement 0.00 0.00 -0.11
Bukidnon_BIk64D_additional 0.00 0.00 -0.04
Blocks in Northern Mindanao
Bukidnon_BIk64E 0.00 0.00 0.63
Bukidnon_BIk64E_supplement 0.00 0.00 -0.37
NorthernMindanao_RX_BIkE 0.00 0.00 0.00
NorthernMindanao_RX_BIkE_additional 0.00 0.00 -0.37
NorthernMindanao_RX_BIkE_additional2 0.00 0.00 -0.48
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Figure 26. Map of Processed LiDAR Data for Manupali Flood Plain.
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3.10 Calibration and Validation of Mosaicked LiDAR DEM

The extent of the validation survey done by the Data Validation and Bathymetry Component (DVBC) in
Manupali to collect points with which the LiDAR dataset is validated is shown in Figure 27. A total of 7,734
survey points were used for calibration and validation of Manupali LiDAR data. Random selection of 80%
of the survey points, resulting to 4,512 points, were used for calibration. A good correlation between
the uncalibrated mosaicked LiDAR elevation values and the ground survey elevation values is shown in
Figure 28. Statistical values were computed from extracted LiDAR values using the selected points to
assess the quality of data and obtain the value for vertical adjustment. The computed height difference
between the LiDAR DTM and calibration elevation values is 0.38 meters with a standard deviation of 0.08
meters. Calibration of Manupali LiDAR data was done by adding the height difference value, 0.38 meters,
to Manupali mosaicked LiDAR data. Table 19 shows the statistical values of the compared elevation values
between LiDAR data and calibration data.
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Figure 27. Map of Manupali Flood Plain with validation survey points in green.
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LiDAR DTMvs. Calibration Survey Points for
Manupali Flood Plain
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Figure 28. Correlation plot between calibration survey points and LiDAR data.

Table 19. Calibration Statistical Measures.

Calibration Statistical Measures Value (meters)
Height Difference 0.38
Standard Deviation 0.08
Average -0.38
Minimum -0.64
Maximum 0.56
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The remaining 20% of the total survey points, resulting to 825 points, were used for the validation of
calibrated Manupali 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 29. The
computed RMSE between the calibrated LiDAR DTM and validation elevation values is 0.19 meters with a
standard deviation of 0.19 meters, as shown in Table 20.

LiDAR DTMvs. Validation Survey Points for
Manupali Flood Plain

600

Validation Survey Elevation {m)

LT e A AED SO0 cEn GO0

mae e 0 b N i

LiDAR DTM Elevation (m})

Figure 29. Correlation plot between validation survey points and LiDAR data.

Table 20. Validation Statistical Measures.

Validation Statistical Measures Value (meters)
RMSE 0.19
Standard Deviation 0.19
Average 0.00
Minimum -0.38
Maximum 0.40
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3.11 Integration of Bathymetric Data into the LiDAR Digital Terrain Model

For bathy integration, cross section data was available for Manupali with 3,076 bathymetric survey points.
The resulting raster surface produced was done by Inverse Distance Weighted (IDW) interpolation method.
After burning the bathymetric data to the calibrated DTM, assessment of the interpolated surface is
represented by the computed RMSE value of 0.49 meters. The extent of the bathymetric survey done by
the Data Validation and Bathymetry Component (DVBC) in Manupali integrated with the processed LiDAR
DEM is shown in Figure 30.
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Figure 30. Map of Manupali Flood Plain 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 200 m buffer zone. Mosaicked LIiDAR DEM with 1 m resolution was
used to delineate footprints of building features, which consist of residential buildings, government offices,
medical facilities, religious institutions, and commercial establishments, among others. Road networks
comprise of main thoroughfares such as highways and municipal and barangay roads essential for routing

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

3.12.1 Quality Checking of Digitized Features’ Boundary

Manupali floodplain, including its 200 m buffer, has a total area of 438.79 sq km. For this area, a total of
14.00 sq km, corresponding to a total of 3372 building features, are considered for QC. Figure 31 shows the

QC blocks for Manupali floodplain.
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Figure 31. Blocks (in blue) of the Manupali building features that were subjected to QC

Quality checking of Manupali building features resulted in the ratings shown in Table 21.

Table 21. Quality Checking Ratings for Manupali Building Features.

FLOODPLAIN

COMPLETENESS

CORRECTNESS

QUALITY

REMARKS

Manupali

99.47

99.76

89.09

PASSED
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3.12.2 Height Extraction

Height extraction was done for 4,831 building features in Manupali floodplain. Of these building features,
none was filtered out after height extraction, resulting to 4,831 buildings with height attributes. The lowest
building height is at 2.00 m, while the highest building is at 9.45 m.

3.12.3 Feature Attribution

Field data collection for the attribution process was done through Geotagging (point to a specific feature
and shoot method) using a handheld GPS with a built-in camera. The x,y,z and the viewing direction of
the GPS in 0-359 degrees during the photo capture were the essential information in the process. Using
Arcmap’s tool “Geotagged Photos to Points”, the symbology of the imported point shapefile was set as
“Airfield” and the viewing angle was set as “Direction”. The “Path” is automatically created in the points’
attribute table wherein the photo’s directory is linked every after the “Identify” button is clicked to a
specific point.

Table 22 summarizes the number of building features per type. From the total features identified,
approximately 4, 470 of it are residential establishments while the commercial establishments and schools
are the most common in non-residential features. On the other hand, Table 23 shows the total length of
each road type. Table 24 shows the number of water features extracted per type.

Table 22. Building Features Extracted for Manupali Floodplain.

Facility Type No. of Features
Residential 4,470
School 109
Market 0
Agricultural/Agro-Industrial Facilities 0
Medical Institutions 0
Barangay Hall 5
Military Institution 0
Sports Center/Gymnasium/Covered Court 3
Telecommunication Facilities 0
Transport Terminal 0
Warehouse 37
Power Plant/Substation 0
NGO/CSO Offices 0
Police Station 1
Water Supply/Sewerage

Religious Institutions 26
Bank 0
Factory

Gas Station

Fire Station

Other Government Offices 11
Other Commercial Establishments 168
Total 4,831
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Total Length of Extracted Roads for Manupali Floodplain.

Manupali 106.47 0 15.38 0 121.85

Manupali 4 0 0 0 0 4

A total of 6 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
comprise the flood hazard exposure database for the floodplain. This completes the feature extraction
phase of the project.

Figure 32 shows the Digital Surface Model (DSM) of Manupali floodplain overlaid with its ground features.
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Figure 32. Extracted features for Manupali floodplain.
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CHAPTER 4: LIDAR VALIDATION SURVEY AND
MEASUREMENTS OF THE MANUPALI RIVER BASIN

Engr. Ma. Rosario Concepcion O. Ang, Engr. John Louie D. Fabila, Engr. Sarah Jane D. Samalburo,
Engr. Gladys Mae Apat , Alex John B. Escobido, Engr. Ma. Ailyn L. Olanda, Engr. Mark Joshua A. Salvacion,
Jovy Anne S. Narisma , Engr. Jommer M. Medina, Esmael L. Guardian

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 project team conducted a field survey in Manupali River on February 10, 2015, April 7, 11, 12, 15,
16, 18, 19 to 23 and 27, 2016, and May 8 to 10 and 16, 2016 with the following scope: reconnaissance;
control survey; and cross-section and as-built survey at Manupali Bridge in Brgy. Colonia, City of Valencia,
Bukidnon. Random checking points for the contractor’s cross-section and bathymetry data were gathered
by DVBC on August 11, 2016 using a Trimble® SPS 882 GNSS PPK survey technique. In addition to this,
validation points acquisition survey was conducted covering the Manupali River Basin area. The entire
survey extent is illustrated in Figure 33.
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Figure 33. Extent of the bathymetric survey (blue line) in Manupali River and the LiDAR data validation survey
(red)
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The GNSS network used for Manupali River is composed of two (2) loops established on August 10, 2016
occupying the following reference points: BK-56, a first-order BM, in Brgy. Sumpong, Malaybalay City,
Bukidnon; and BKN-475 a second-order GCP, in Brgy. Linabo, Malaybalay City, Bukidnon.

Two (2) control points established in the area by ABSD were also occupied: UP_MAN-2 located near the
approach of Manupali Bridge in Brgy. Bangcud, Malaybalay City, Province of Bukidnon, and UP_LUM-2
located near the Pulangui Diversion Dam in Brgy. Lumbayao, Valencia City, Province of Bukidnon.

The summary of reference and control points and its location is summarized in Table 25 while GNSS
network established is illustrated in Figure 34.

Table 24. List of reference and control points used during the survey in Manupali River (Source: NAMRIA, UP-
TCAGP)

BK-56 1*t order, BM 8°9'52.69903"N 125°6'54.60334"E  727.714  656.645 2008
BKN-475 2" order, GCP 8°3'22.52096"N 125° 8'4.12506"E 473.980  403.169 2007
UP_MAN-2  Established 7°59'16.34151"N 125° 8'3.89549"E 394.653 322.44 02-10-15
UP_LUM2 Established 7°56'49.14628"N  125°9'40.23913"E | 411.207  339.432 = 04-19-2016
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Figure 34. Manupali River Basin Control Survey Extent
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The GNSS set-ups on recovered reference points and established control points in Manupali River are
shown from Figure 35 to Figure 38.

Trimble®™ SPS 882

Figure 35. GNSS receiver set up, Trimble® SPS 882, at BK--56, located at the west post of the welcome arc of
Malaybalay City in Brgy. Sumpong, Bukidnon

Figure 36. GNSS receiver setup, BKN-475, located within the DPWH Compound in Brgy. Aglayan, Valencia City,
Bukidnon.
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| 1
Trimble® SPS 882 -

Figure 37. GNSS receiver set up, Trimble® SPS 882, at UP_MAN -2, located near the approach of Manupali Bridge
in Brgy. Bangcud, Malaybalay City, Province of Bukidnon

Trimble® SPS 882

Figure 38. GNSS receiver serup, UP_LUM-2, located near the Pulangui Diversion Dam in Brgy. Lumbayao,
Valencia City, Province of Bukidnon.
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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 case
where one or more baselines did not meet all of these criteria, masking is performed. Masking is done by
removing/masking portions of these baseline data using the same processing software. It is repeatedly
processed until all baseline requirements are met. If the reiteration yields out of the required accuracy,
resurvey is initiated. Baseline processing result of control points in Manupali River Basin is summarized in
Table 26 generated by TBC software.

Table 25. Baseline Processing Report for Manupali River Static Survey

. Date of  Solution H.Prec. V.Prec. . Ellipsoid Dist. Height
(LB Observation Type (Meter) (Meter) (SRR B0 (Meter) (m)
BK-56 --- BKN-475 8-10-2016 @ Fixed 0.007 0.024 169°55'49" 12174.173 @ -253.707

BK-56 --- UP_MAN-2 8-10-2016  Fixed = 0.004 0.022 173°48'19 | 19664.461 @ -334.563
BKN-475 --- UP_MAN-2 8-10-2016  Fixed = 0.004 0.015 180°03'12" 7562.993 -80.875
BK-56--- UP_LUM-2 8-10-2016  Fixed 0.006 0.029 149°19'44" 27983.972 @ -318.479
BKN-475 --- UP_LUM-2 8-10-2016  Fixed = 0.004 @ 0.016 134°51'09" 17132.460 @ -253.707

As shown in Table 26, a total of five (5) baselines were processed with coordinate and ellipsoidal height
values of BKN-475 held fixed. All of them passed the required accuracy.
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4.4 Network Adjustment

After the baseline processing procedure, network adjustment is 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 squares of x and y must be less than 20 cm and z less than 10 cm in equation form:

V ((x)*+(y)?)<20cm and

z < 10 cm

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

for each control point. See the Network Adjustment Report shown from Tables 23 to 25 for the complete
details. Refer to ANNEX 11 for the computation for the accuracy of ABSD.

The four (4) control points, BK-56, BKN-475, UP-MAN-2, and UP_LUM-2 were occupied and observed
simultaneously to form a GNSS loop. The coordinates and ellipsoidal height of BKN-475 were held fixed
during the processing of the control points as presented in Table 27. Through this reference point, the
coordinates and ellipsoidal height of the unknown control points will be computed.

Table 26. Control Point Constraints

Point ID Type North East Height Elevation
(Meter) (Meter) (Meter) (Meter)
BK-56 Grid
BKN-475 Global Fixed Fixed Fixed
Fixed = 0.000001(Meter)
Table 27. Adjusted Grid Coordinates
comaipl | E=ine || worning S lemton St
(Meter) (Meter) (Meter)

BK-56 733046.484 0.009 903110.050 0.007 656.645 ? e
BKN-475 735238.147 ? 891131.322 ? 403.210 0.057 LLh
UP_MAN-2 735270.463 0.009 883566.236 0.007 322.440 0.061
UP_LUM-2 747450.236 0.009 879107.389 0.007 338.965 0.067

With the mentioned equation, V ((x.)*+(y,)?)<20cm for horizontal and
the computation for the accuracy are as follows:

z,<10cm for the vertical;

a. BK-56 c. UP_MAN-2
horizontal accuracy =v((0.9)? + (0.7)? horizontal accuracy =v((0.9)%? + (0.7)?
=V (0.81 + 0.49) =V (0.81 + 0.49)
=1.3<20cm =1.3<20cm
vertical accuracy = Fixed vertical accuracy =6.1<10cm
b. BKN-475 d. UP_LUM-2
horizontal accuracy = Fixed horizontal accuracy =v((0.9)% + (0.7)?
vertical accuracy = Fixed =V (0.81 +0.49)
=1.3<20cm
vertical accuracy =6.7<10cm
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Following the given formula, the horizontal and vertical accuracy result of the four (4) occupied control
points are within the required precision.

Table 28. Adjusted Geodetic Coordinates
Ellipsoid Height Height Error

Point ID Latitude Longitude (Meter) (Meter) Constraint
BK-56 N8°09'52.69746" E125°06'54.60518" 729.219 ? e
BKN-475 N8°03'22.52096" E125°08'04.12506" 475.526 0.057 LLh
UP_MAN-2 N7°59'16.33836" E125°08'03.89549" 394.653 0.061
UP_LUM-2 N7°56'49.14664" E125°14'40.69052" 410.740 0.067

The corresponding geodetic coordinates of the observed points are within the required accuracy as shown
in Table 29. Based on the result of the computation, the accuracy condition is satisfied; hence, the required
accuracy for the program was met.

The summary of reference control points used is indicated in Table 30.

Table 29. Reference and control points used and its location (Source: NAMRIA, UP-TCAGP)

. Easting Easting Error Northing Northing Elevation AL .
Point ID (Meter) (Meter) (Meter) Error (Meter) Error Constraint
(Meter) (Meter)
BK-56 1%t order, BM  8°9'52.69903"N 125°6'54.60334"E  727.714 903110.046 733046.488 656.645

BKN-475 2" order, GCP  8°3'22.52096"N  125°8'4.12506"E 473.980 891131.322 735238.147 403.175
UP_MAN-2 Established 7°59'16.34151"N 125° 8'3.89549"E 394.653 883566.236 735270.463 322.44

UP_LUM-2 | Established 7°56'49.14628"N 125°9'40.23913"E| 411.207 879107.378 | 747450.247 @ 339.432
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4.5 Cross-section and Bridge As-Built survey and Water Level Marking
Cross-section and as-built surveys were conducted on April 27, 2016 at the upstream side of Manupali

Bridge in Brgy. Violeta, City of Malaybalay as shown in Figure 39. Nikon® Total Station was utilized for this
survey.

’
|

BRI ---'-M.A¢.w. .

Figure 39. Manupali Bridge facing upstream

The cross-sectional line of Manupali Bridge is about 127.002 m with thirty-one (31) cross-sectional points
using the established control points by ABSD, UP_MAN-1 and UP_MAN-2 as the GNSS base stations. The
location map, cross-section diagram, and the bridge data form are shown in Figure 40 to Figure 42.
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Figure 40. Valencia Bridge Location Map
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Figure 41. Manupali Bridge Cross-section Diagram
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Bridge Data Form

Bridge Name: MANUPALI BRIDGE

River Name: MANUPALI RIVER

Location (Brgy, City, Region): Brgy. Colonia, Valencia City, Bukidnon

Survey Team: Jerby Gallosa

Date and Time: April 27, 2016; 2:45 P.M.

v
Flow Condition: low normal high
v
Weather Condition: fair rainy
Cross-sectional View (not to scale)
Deck/Beam
Thickness
b P 1.400
BA2 \63.805 / J. BA3
| < O >l 2609m  § Deck
BA1 2.655 N ‘ ? . BA4 Elevation
o |——— O —H' |¢ O 322.730
}gi o S Pl | | pam—, y
6.146 Ab1 WL Ab2 5.312
314.784 Datum, MSL
Legend:
BA = Bridge Approach
P = Pier
Ab = Abutment
D = Deck
WL = Water Level/Surface
MSL = Mean Sea Level
(O =Measurement Value
Line Segment Measurement (m) Remarks
1. BA1-BA2 2.655m
2. BA2-BA3 63.805 m
3. BA3-BA4 2.609 m
4. BA1-Ab1 6.146 m
5. Ab2-BA4 5.312m
6. Deck/beam 1.400 m
thickness
7. Deck elevation 322.730 m

Note: Observer should be facing downstream

Figure 42. Valencia Bridge Data Sheet
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Water surface elevation of Manupali River was determined by a Nikon® Total Station on April 27, 2016
at 2:45 PM at Manupali Bridge area with a value of 314.784 m in MSL as shown in Figure 41. This was
translated into marking on the bridge’s abutment as shown in 43. The marking will serve as reference
for flow data gathering and depth gauge deployment of the partner HEI responsible for Manupali River,

Central Mindanao University.
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4.6 Validation Points Acquisition Survey

Validation points acquisition survey was conducted by DVBC from August 12, 2016 using a survey grade
GNSS Rover receiver, Trimble® SPS 882, mounted on a range pole which was attached at the back of the
vehicle as shown in Figure 45.1t was secured with cable ties and ropes to ensure that it was horizontally and
vertically balanced. The antenna height was 2.235 m and measured from the ground up to the bottom of
the quick release of the GNSS Rover receiver. The PPK technique utilized for the conduct of the survey was
set to continuous topo mode with PLW-48 occupied as the GNSS base station in the conduct of the survey.

Trimble® SPS 985

Figure 44. Validation points acquisition survey set-up for Manupali River

The survey started from Brgy. Basak, Municipality of Lantapan, Bukidnon going southeast along the national
highway and ended in Brgy. Dologon, City of Valencia, Bukidnon. A total of 9,668 points were gathered with
an approximate length of 54 km using UP_MAN-2 as GNSS base station for the entire extent of validation
points acquisition survey as illustrated in the map in Figure 46.
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Figure 45. Validation points acquisition covering the Manupali River Basin Area
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4.7 River Bathymetric Survey

Manual bathymetric survey was executed on April 11, 15, 16 and 18, 2016 using a Nlkon® Total Station as
illustrated in Figure 46. The survey started downstream in Brgy. Mt. Nebo, City of Valencia, Bukidnon with
coordinates 7°59°26.01012”N, 125° 0’ 36.38397”E and ended upstream in Brgy. Mailag, City of Valencia,
Bukidnon, with coordinates 7° 57° 12.79718”N, 125° 7° 57.96163”E. The established control points
established by ABSD, AB-13M and AB-14M, were used as GNSS base station all throughout the entire
survey.

Gathering of random points for the checking of ABSD’s bathymetric data was performed by DVBC on
August 11, 2016 using a Trimble® SPS 882 GNSS PPK survey technique, see Figure 47. A map showing the
DVBC bathymetric checking points is shown in Figure 49.

Linear square correlation (R?) and RMSE analysis were performed on the two (2) datasets. The linear square
coefficient range is determined to ensure that the submitted data of the contractor is within the accuracy
standard of the project which is +20 cm and £10 cm for horizontal and vertical, respectively. The R2 value
must be within 0.85 to 1. An R2 approaching 1 signifies a strong correlation between the vertical (elevation
values) of the two datasets. A computed R? value of 0.898 was obtained by comparing the data of the
contractor and DVBC; signifying a strong correlation between the two (2) datasets.

In addition to the Linear Square correlation, Root Mean Square (RMSE) analysis is also performed in order
to assess the difference in elevation between the DVBC checking points and the contractor’s. The RMSE
value should only have a maximum radial distance of 5 m and the difference in elevation within the radius
of 5 meters should not be beyond 0.50 m. For the bathymetric data, a computed value of 0.162 was
acquired. The computed R? and RMSE values are within the accuracy requirement of the program.

Figure 46. Manual Bathymetric survey of ABSD at Manupali River using Nikon® Total Station

62



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

Figure 47. Gathering of random bathymetric points along Upper Pulangui River

The manual bathymetric survey for Manupali River gathered a total of 4,060 points covering an approximate
of 26.2 km of the river traversing Brgy. Colonia, San Carlos, Lurogan, Mt. Nebo and Mailag in the City of
Valencia, Bukidnon, Brgy. Sto. Nino and Bangcud in the City of Malaybalay, Bukidnon and Brgy. Kulasihan,
Bantuaon and Poblacion in the Municipality of Lantapan, Bukidnon. A CAD drawing was also produced to
illustrate the riverbed profile of Manupali River. As shown in Figure 50, the highest and lowest elevation
has a 255-m difference. The highest elevation observed was 556.638 m above MSL located in Brgy. Mt.
Nebo, Valencia City, Bukidnon while the lowest was 306.500 m above MSL located in Brgy. Mailag, Valencia
City, Bukidnon.
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Figure 48. Bathymetric survey of Manupali River
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Figure 49. Quality checking points gathered along Manupali River by DVBC
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CHAPTER 5: FLOOD MODELING AND MAPPING

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

5.1 Data Used for Hydrologic Modeling

5.1.1 Hydrometry and Rating Curves

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

5.1.2 Precipitation

The 24 hours duration of rainfall data on 23 May 2016 from 1320 hours of 23 May 2016 to 1320 hours
of 24 May 2016 was collected from the rain gauges in Lantapan and Mountain View College. CMU Phil-
LiDAR 1 initiated to install an automatic rain gauge in Lantapan (8°0°2”N, 125° 1’12”E) considering that
Lantapan has contributing factor when it comes to rainfall. On the other hand, Mountain View College
(7°58’56”N, 125° 0’35”E) was installed by the Department of Science and Technology — Advanced Science
and Technology Institute (DOST-ASTI) Region X.

Total rain for this event in Mountain View College rain gauge is 51.4mm. It peaked to 7.8 mm on 23 May
2016 12:00. For Poblacion, total precipitation for this event is 79.2 mm. Peak rain of 17.6 mm was recorded
on 23 May 2016, 12:00. The two rain gauges in the Maupali River Basin are shown in Figure 51.
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Figure 51. The location map of Manupali HEC-HMS model used for calibration
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5.1.3 Rating Curves and River Outflow

The event on 23 May 2016 resulted to a water level rise of 0.74 meter and peak discharge of 11.03 m3/s
recorded at 2110 hours taken from Manupali Bridge, National Highway, Brgy. Colonia. Lag time between
peak rainfall and peak discharge is 9 hours and 10 minutes (Figure 53). The collected hydrologic data are
inputted in HEC-HMS for the basin model calibration.

Manupali Bridge Cross-Section
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Figure 52. The cross-section plot of the Manupali Bridge
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Figure 53. Rainfall and outflow data used for modeling.
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A rating curve was generated to illustrate the relationship of the observed flow and water level. It is
expressed in the form of the following equation::

Q:a”h
where,
Q: Discharge (m?3/s),
h: Gauge height (reading from Riverside staff gauge), and
aandn: Constants.

The Manupali River Rating Curve measured at Manupali Bridge, National Highway, Brgy. Colonia is
expressed as Q = 0.2546%131% (Figure 54).

Manupali River Rating Curve
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Figure 54. HQ Curve of HEC-HMS model.
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5.2 RIDF Station

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

Table 30. RIDF values for Malaybalay Rain Gauge computed by PAGASA

2 17.9 28.5 35.6 47.8 63.7 73.5 90.2 103.4 112.8
5 26.7 45.3 57.9 78.4 100.8 114.3 130.2 143.2 153.6
10 32.5 56.5 72.7 98.6 125.3 141.4 156.7 169.6 180.7
15 35.8 62.8 81 110 139.1 156.6 171.6 184.4 195.9
20 38.1 67.2 86.8 117.9 148.8 167.3 182.1 194.8 206.6
25 39.9 70.6 91.3 1241 156.3 175.5 190.1 202.8 214.8
50 45.4 81 105.1 143 179.3 200.9 214.9 227.5 240.2
100 50.8 91.4 118.8 161.8 202.2 226 239.5 252 265.3
MALAYBALAY
RIDF STATION
N
0 20 40 60
km
Legend
@ RIDF Stations
:l Thiessen Polygons
|:| Sawaga River Basin

Figure 55. Location of Malaybalay RIDF Station relative to Manupali River Basin
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Figure 56. Synthetic storm generated for a 24-hr period rainfall for various return periods.
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The soil shapefile (dated pre-2004) was taken from the Bureau of Soils and Water Management under the
Department of Agriculture. The land cover dataset is from the National Mapping and Resource information
Authority (NAMRIA). The soil and land cover of the Manupali River Basin are shown in Figures 57 and 58,

respectively.
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Figure 57. The soil map of the Manupali River Basin (Source: Bureau of Soils and Water Management)
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Figure 58. The land cover map of the Manupali River Basin (Source: NAMRIA)

For Manupali, four soil classes were identified. These are clay loam, clay, silt, and undifferentiated soil.
Moreover, six land cover classes were identified. These are brushland, built-up, cultivated area, grassland,
closed canopy, and open canopy forest.
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Figure 60. Stream delineation map of Manupali river basin
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Using ArcMap 10.1 with HEC-GeoHMS version 10.1 extension, the drainage system of Silway river was
delineated using the river’s centreline and SAR-DEM 10m resolution as primary input data. Delineated
drainage system includes the basin boundary, subbasin and the stream networks. The river centreline was
digitized starting from upstream towards downstream in Google Earth (2014).

Using the 10m SAR-DEM with default threshold area of 500 hectares, the delineated drainage system
of Manupali Watershed generated twenty-six (26) sub-basins, thirteen (13) reaches and fourteen (14)
junctions including the main outlet of the watershed (Figure 61).

Legend
[Jsuttasin area

Basin Connector

——Reach
(@8] Junction
% Subbasin

Figure 61. HEC-HMS generated Manupali River Basin Model.
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5.4 Cross-section Data

Riverbed cross-sections of the watershed were necessary in the HEC-RAS model setup. The cross-section
data for the HEC-RAS model was derived ufrom the LiDAR DEM data. It was defined using the Arc GeoRAS

tool and was post-processed in ArcGIS.
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Figure 62. Manupali River Cross-section generated using HEC GeoRAS tool.
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5.5 Flo 2D Model

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

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

Dl AR ) | e]ele] SO A [ TR

Figure 63. Screenshot of subcatchment with the computational area to be modeled in FLO-2D GDS Pro

The simulation is then run through FLO-2D GDS Pro. This particular model had a computer run time of
28.32373 hours. After the simulation, FLO-2D Mapper Pro is used to transform the simulation results into
spatial data that shows flood hazard levels, as well as the extent and inundation of the flood. Assigning the
appropriate flood depth and velocity values for Low, Medium, and High creates the following food hazard
map. Most of the default values given by FLO-2D Mapper Pro are used, except for those in the Low hazard
level. For this particular level, the minimum h (Maximum depth) is set at 0.2 m while the minimum vh
(Product of maximum velocity (v) times maximum depth (h)) is set at 0 m?/s.

The creation of a flood hazard map from the model also automatically creates a flow depth map depicting
the maximum amount of inundation for every grid element. The legend used by default in Flo-2D Mapper
is not a good representation of the range of flood inundation values, so a different legend is used for the
layout. In this particular model, the inundated parts cover a maximum land area of 30 871 500.00 m2.

There is a total of 208 903 237.15 m? of water entering the model. Of this amount, 11 957 813.56 m?®is due
to rainfall while 196 945 423.58 m? is inflow from other areas outside the model. 3 829 085.00 m? of this
water is lost to infiltration and interception, while 2 099 733.22 m? is stored by the flood plain. The rest,
amounting up to 202 974 422.96 m?, is outflow.
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5.6 Results of HMS Calibration

After calibrating the Manupali HEC-HMS river basin model, its accuracy was measured against the observed
values (see ANNEX 9: Manupali Model Basin Parameters). Figure 63 shows the comparison between the
two discharge data.

Manupali Outflow Hydrograph
23-24 May 2016 Simulation Period

12.0
A’lO.O /[ \ e Actual Outflow
Z 8.0 -
£ o \\ ——HEC-HMS Model
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=}
O 20
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23-May-16 1320 23-May-16 2000 24-May-16 0240 24-May-16 0920
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Figure 64. Outflow Hydrograph of Manupali produced by the HEC-HMS model compared with observed
outflow.

Table 31 shows adjusted ranges of values of the parameters used in calibrating the model.

Table 31. Range of calibrated values for the Manupali River Basin.

Hydrologic Calculation Method Parameter Range of Calibrated
Element Type Values
Initial Abstraction (mm) 5-95
Loss SCS Curve number
Curve Number 34-40
Clark Unit Time of Concentration (hr) 0.02-0.92
Basin Transform
Hydrograph Storage Coefficient (hr) 0.02-0.92
Recession Constant 0.00001
Baseflow Recession
Ratio to Peak 0.00001
Reach Routing Muskingum-Cunge Manning's Coefficient 0.5

Initial abstraction defines the amount of precipitation that must fall before surface runoff. The magnitude
of the outflow hydrograph increases as initial abstraction decreases. The range of values from 5mm to
95mm signifies that there is minimal to average amount of infiltration or rainfall interception by vegetation.

The curve number is the estimate of the precipitation excess of soil cover, land use, and antecedent
moisture. The magnitude of the outflow hydrograph increases as curve number increases. The range of 34
to 40 for curve number is less than the advisable range for Philippine watersheds (70 to 80) depending on
the soil and land cover of the area (Horritt, personal communication, 2012). For Manupali, the basin mostly
consists of cultivated area and open canopy forest; the soil consists mostly of clay and undifferentiated soil.

The time of concentration and storage coefficient are the travel time and index of temporary storage of
runoff in a watershed. The range of calibrated values from 0.02 hours to 0.92 hours determines the reaction
time of the model with respect to the rainfall. The peak magnitude of the hydrograph also decreases when
these parameters are increased.
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Recession constant is the rate at which baseflow recedes between storm events, while ratio to peak is
the ratio of the baseflow discharge to the peak discharge. Recession constant of 0.00001 indicates that
the basin is likely to quickly go back to its original discharge. Ratio to peak of 0.00001 indicates a steeper
receding limb of the outflow hydrograph.

Manning’s roughness coefficient of 0.5 is higher than the Manning’s value (0.04) corresponding to the land
cover of Manupali watershed which is determined to be cultivated with mature field crops (Brunner, 2010)

Table 32. Summary the Efficiency Test of the Manupali HMS Model

Accuracy measure Value
RMSE 1.2

r2 0.86

NSE 0.65

PBIAS 18.96

RSR 0.59

The Root Mean Square Error (RMSE) method aggregates the individual differences of these two
measurements. It was computed as 1.2 (m?3/s).

The Pearson correlation coefficient (r?) assesses the strength of the linear relationship between the
observations and the model. This value being close to 1 corresponds to an almost perfect match of the
observed discharge and the resulting discharge from the HEC HMS model. Here, it measured 0.86.

The Nash-Sutcliffe (E) method was also used to assess the predictive power of the model. Here the optimal
value is 1. The model attained an efficiency coefficient of 0.65.

A positive Percent Bias (PBIAS) indicates a model’s propensity towards under-prediction. Negative values
indicate bias towards over-prediction. Again, the optimal value is 0. In the model, the PBIAS is 18.96.

The Observation Standard Deviation Ratio, RSR, is an error index. A perfect model attains a value of 0 when
the error in the units of the valuable a quantified. The model has an RSR value of 0.59.
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5.7 Calculated outflow hydrographs and discharge values for different rainfall
return periods

5.7.1 Hydrograph using the Rainfall Runoff Model

The summary graph (Figure 64) shows the Manupali River outflow using the Malaybalay Rainfall Intensity-
Duration-Frequency curves (RIDF) in 5 different return periods (5-year, 10-year, 25-year, 50-year, and 100-
year rainfall time series) based on the Philippine Atmospheric Geophysical and Astronomical Services
Administration (PAG-ASA) data. The simulation results reveal significant increase in outflow magnitude as
the rainfall intensity increases for a range of durations and return periods.

Manupali Outflow using Malaybalay Rainfall Intensity
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Figure 65. Outflow hydrograph at Manupali Station generated using Malaybalay RIDF simulated in HEC-HMS

A summary of the total precipitation, peak rainfall, peak outflow and time to peak of the Manupali discharge
using the Malaybalay Rainfall Intensity-Duration-Frequency curves (RIDF) in five different return periods is
shown in Table 34.

Table 33. Peak values of the Manupali HEC-HMS Model outflow using the Malaybalay RIDF 24-hour values.

RIDE Period Total P(r::l::))itation Pea(k n::ir)\fall Pea(k n:::;t;f)low Time to Peak
5-yr 153.6 26.7 258.7 5 hours and 10 minutes
10-yr 180.7 325 458.6 3 hours and 20 minutes
25-yr 214.8 39.9 657 2 hours
50-yr 240.2 45.4 870.1 1 hour and 20 minutes
100-yr 265.3 50.8 1101.9 50 minutes
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5.8 River Analysis (RAS) Model Simulation

The HEC-RAS Flood Model produced a simulated water level at every cross-section for every time step for
every flood simulation created. The resulting model will be used in determining the flooded areas within
the model. The simulated model will be an integral part in determining real-time flood inundation extent
of the river after it has been automated and uploaded on the DREAM website. For this publication, only
a sample output map river was to be shown. The sample generated map of Manupali River using the
calibrated HMS base flow is shown in Figure 65.

Figure 66. Sample output of Manupali RAS Model
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5.9 Flow Depth and Flood Hazard

The resulting hazard and flow depth maps have a 10m resolution. Figure 65 to Figure 70 shows the 5-, 25-,
and 100-year rain return scenarios of the Manupali-Sawaga-Upper Pulangi floodplain. The floodplain, with
an area of 732.86 sq. km., covers the municipalities of Lantapan, Maramag, Quezon, and San Fernando
and the cities of Malaybalay and Valencia. Table 35 shows the percentage of area affected by flooding per

municipality.

Table 34. Municipalities affected in Manupali-Upper Pulangi-Upper Pulangi floodplain

Municipality Total Area Area Flooded % Flooded
Lantapan 355.91 81.26 22.83%
Malaybalay City 1004.67 259.22 25.80%
Maramag 320.61 10.19 3.18%
Quezon 647.63 6.02 0.93%
San Fernando 605.87 0.49 0.08%
Valencia City 668.14 375.69 56.23%
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Figure 67. 100-year Flood Hazard Map for Manupali-Sawaga-Upper Pulangi Floodplain
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Figure 68. 100-year Flood Depth Map for Manupali-Sawaga-Upper Pulangi Floodplain
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Figure 69. 25-year Flood Hazard Map for Manupali-Sawaga-Upper Pulangi Floodplain
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Figure 70. 25-year Flood Depth Map for Manupali-Sawaga-Upper Pulangi Floodplain
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Figure 71. 5-year Flood Hazard Map for Manupali-Sawaga-Upper Pulangi Floodplain
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5.10 Inventory of Areas Exposed to Flooding

Affected barangays in Manupali-Sawaga-Upper Pulangi Floodplain, grouped by municipality, are listed
below. For the said floodplain, five municipalities consisting of 66 barangays are expected to experience
flooding when subjected to 5-, 25-, and 100-yr rainfall return period.

For the 5-year return period, 22.41% of the municipality of Lantapan with an area of 290.82 sq. km. will
experience flood levels of less than 0.20 meters. 2.04% of the area will experience flood levels of 0.21 to
0.50 meters while 1.03%, 0.77%, 0.60%, and 0.07% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the
affected areas in square kilometers by flood depth per barangay.

Table 35. Affected Areas in Lantapan, Bukidnon during 5-Year Rainfall Return Period

Affected area Area of affected barangays in Lantapan (in sq. km)
(sg. km.) by
flood depth Balila Bantuanon Bugcaon Capitan Juan Kulasihan Poblacion
(inm.)
0.03-0.20 0.064 24.75 12.6 6.14 13.03 8.58
0.21-0.50 0 2.3 0.9 0.33 1.84 0.56
0.51-1.00 0 1.28 0.38 0.2 0.85 0.29
1.01-2.00 0 0.78 0.49 0.056 0.8 0.12
2.01-5.00 0 0.71 0.51 0.0047 0.49 0.018
>5.00 0 0.046 0.062 0.0041 0.1 0
6
—~ 5
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X
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Figure 73. Affected Areas in Lantapan, Bukidnon during 5-Year Rainfall Return Period
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For the 5-year return period, 17.48% of the municipality of Malaybalay City with an area of 1115.98 sq. km. will experience flood levels of less than 0.20 meters.
2.17% of the area will experience flood levels of 0.21 to 0.50 meters while 1.80%, 1.26%, 0.95%, and 0.29% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the affected areas in square kilometers by flood depth per

barangay.

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

Aglayan

11.63
0.56
0.39
0.35
0.16
0.01

Affected Areas (sq. km)

Table 36. Affected Areas in Lantapan, Bukidnon during 5-Year Rainfall Return Period

Area of affected barangays in Malaybalay City (in sq. km)

Apo Macote Bangcud Barangay 1 Barangay 2 Barangay 3 Barangay 4
4.77 3.45 2.25 0.48 0.28 0.33
0.16 0.78 0.071 0.022 0.014 0.018
0.084 0.32 0.055 0.0068 0.012 0.011
0.068 0.72 0.058 0.014 0.0081 0.01
0.087 1.1 0.076 0.058 0.0049 0.028
0.0079 0.21 0.031 0.061 0 0.005
3.5
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2.5
2.0
1.5
o Ll
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Figure 74. Affected Areas in Malaybalay City, Bukidnon during 5-Year Rainfall Return Period
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3.06
0.077
0.049
0.041
0.041
0.04

Barangay 7

0.68
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Table 37. Affected Areas in Malaybalay City, Bukidnon during 5-Year Rainfall Return Period

0.03-0.20 0.33 4.2 6.64 0.45 4.43 1.06 27.29 25.1 5.29 2
0.21-0.50 0.016 0.2 0.43 0.012 0.72 0.024 1.26 1.15 0.45 0.11
0.51-1.00 0.01 0.18 0.18 0.0081 0.37 0.018 0.86 0.73 0.22 0.055
1.01-2.00 0.0079 0.17 0.19 0.0029 0.23 0.012 0.89 0.73 0.27 0.021
2.01-5.00 0.01 0.058 0.1 0.000021 0.18 0.01 0.69 0.62 0.31 0.0043
>5.00 0.028 0.066 0.0081 0 0.0011 0.0012 0.63 0.31 0.083 0
5.0
45
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Figure 75. Affected Areas in Malaybalay City, Bukidnon during 5-Year Rainfall Return Period
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Table 38. Affected Areas in Malaybalay City, Bukidnon during 5-Year Rainfall Return Period

0.03-0.20 11.93 13.94 1.44 12.92 21.39 5.89 12.46 6.02 0.36 4.66
0.21-0.50 0.43 3.7 0.022 0.71 0.77 4.42 5.6 0.67 0.011 1.73
0.51-1.00 0.32 3.62 0.012 0.37 0.49 3.68 5.14 1.12 0.0051 1.72
1.01-2.00 0.36 2.9 0.01 0.24 0.38 2.19 2.08 1.11 0.0085 0.99
2.01-5.00 0.15 1.92 0.0093 0.2 0.23 2.47 0.98 0.39 0.01 0.68
>5.00 0.0011 0.17 0.0002 0.66 0.0084 0.57 0.17 0 0.021 0.17
16
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Figure 76. Affected Areas in Malaybalay City, Bukidnon during 5-Year Rainfall Return Period
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For the 5-year return period, 3.20% of the municipality of Maramag with an area of 323.88 sq. km. will
experience flood levels of less than 0.20 meters. 0.67% of the area will experience flood levels of 0.21 to
0.50 meters while 0.67%, 0.34%, 0.07%, and 0.06% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the
affected areas in square kilometers by flood depth per barangay.

Table 39. Affected Areas in Maramag, Bukidnon during 5-Year Rainfall Return Period

Affected area Area of affected
(sq. km.) by barangays in
flood depth  Maramag (in sg. km)
(inm.) Dologon
0.03-0.20 10.38
0.21-0.50 2.18
0.51-1.00 2.18
1.01-2.00 1.09
2.01-5.00 0.23
>5.00 0.18
7
6 Flood
5 Depth
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e
~ 4 m>5.00
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go;
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Figure 77. Affected Areas in Lantapan, Bukidnon during 5-Year Rainfall Return Period
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For the 5-year return period, 0.60% of the municipality of Quezon with an area of 641.25 sq. km. will
experience flood levels of less than 0.20 meters. 0.06% of the area will experience flood levels of 0.21 to
0.50 meters while 0.08%, 0.12%, and 0.01% of the area will experience flood depths of 0.51 to 1 meter,
1.01 to 2 meters, and 2.01 to 5 meters, respectively. Listed in the table are the affected areas in square
kilometers by flood depth per barangay.

Table 40. Affected Areas in Quezon, Bukidnon during 5-Year Rainfall Return Period

Affected area Area of affected
(sg. km.) by barangays in Quezon
flood depth (in sq. km)

(inm.) Paitan
0.03-0.20 3.84
0.21-0.50 0.4
0.51-1.00 0.52
1.01-2.00 0.77
2.01-5.00 0.072

>5.00 0

2.0

1.8

Flood

1.6 Depth
€12 m>5.00
210 m2.01-5.00
§ 0.8 m1.01-2.00
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0.2
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Figure 78. Affected Areas in Quezon, Bukidnon during 5-Year Rainfall Return Period
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For the 5-year return period, 32.07% of the municipality of Valencia City with an area of 726.07 sq. km. will experience flood levels of less than 0.20 meters. 5.30%
of the area will experience flood levels of 0.21 to 0.50 meters while 4.69%, 3.81%, 3.45%, and 1.00% of the area will experience flood depths of 0.51 to 1 meter,
1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the affected areas in square kilometers by flood depth per barangay.

Table 41. Affected Areas in Valencia City, Bukidnon during 5-Year Rainfall Return Period

Affected area Area of affected barangays in Valencia City (in sq. km)
(sg. km.) by D
flood depth  Bagontaas Banlag Barobo Batangan  Catumbalon Colonia Concepcion agat- Kahapunan Laligan
(inm.) Kidavao
0.03-0.20 20.71 14.12 12.48 5.92 2.96 0.85 10.22 21.25 1.28 5.34
0.21-0.50 3.59 3.09 0.46 1.94 1.55 0.67 0.28 4.94 0.2 2.82
0.51-1.00 1.92 3.09 0.37 0.94 2.36 0.59 0.18 2.47 0.34 5.9
1.01-2.00 1.28 1.5 0.33 0.43 3.22 0.5 0.15 0.93 1.03 2.38
2.01-5.00 1.21 0.34 0.21 0.24 0.5 0.31 0.19 0.2 1.72 0.71
>5.00 0.19 0.0019 0.009 0.03 0.34 0.056 0.14 0.0003 0.023 0.018
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Figure 79. Affected Areas in Valencia City, Bukidnon during 5-Year Rainfall Return Period
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Table 42. Affected Areas in Valencia City, Bukidnon during 5-Year Rainfall Return Period

0.03-0.20 3.84 24.07 20.83 3.12 8.01 5.41 3.43 0.99 3.58
0.21-0.50 0.14 1.54 0.85 1.48 1.17 1.47 0.17 1.11 1.22
0.51-1.00 0.099 1.03 0.46 1.34 0.51 0.87 0.086 1.02 1.01
1.01-2.00 0.069 1.08 0.4 0.8 0.44 0.46 0.039 1.53 0.77
2.01-5.00 0.19 0.67 0.35 0.5 0.53 0.5 0.0064 4.42 0.12
>5.00 0.55 0.31 0.02 0.13 0.12 0.44 0 1.58 0.18
12
10 Flood Depth
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Figure 80. Affected Areas in Valencia City, Bukidnon during 5-Year Rainfall Return Period
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Table 43. Affected Areas in Valencia City, Bukidnon during 5-Year Rainfall Return Period

0.03-0.20 0.24 20.79 0.057 13.67 3.09 3.56 11.29 1.99 9.78
0.21-0.50 0.12 1.53 0.11 1.03 1.77 0.57 2.97 0.1 1.56
0.51-1.00 0.2 0.63 0.41 0.91 2.42 0.75 2.75 0.059 1.35
1.01-2.00 0.31 0.42 2.24 1.6 1.6 1.2 0.96 0.014 1.95
2.01-5.00 0.23 0.43 2.62 3.55 1.2 1.55 0.9 0.0001 1.66
>5.00 0.15 0.091 0.37 0.93 0.12 0.7 0.11 0 0.66
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Figure 81. Affected Areas in Valencia City, Bukidnon during 5-Year Rainfall Return Period
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For the 25-year return period, 20.82% of the municipality of Lantapan with an area of 290.82 sq. km. will
experience flood levels of less than 0.20 meters. 2.47% of the area will experience flood levels of 0.21 to
0.50 meters while 1.42%, 0.99%, 1.01%, and 0.23% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the
affected areas in square kilometers by flood depth per barangay.

Table 44. Affected Areas in Lantapan, Bukidnon during 25-Year Rainfall Return Period

Affected area Area of affected barangays in Lantapan (in sq. km)
(sg. km.) by
flood depth Balila Bantuanon Bugcaon Capitan Juan Kulasihan Poblacion
(inm.)
0.03-0.20 0.064 23.12 11.67 6 11.53 8.16
0.21-0.50 0 2.69 1.19 0.34 2.17 0.78
0.51-1.00 0 1.67 0.53 0.25 1.32 0.35
1.01-2.00 0 1.15 0.52 0.12 0.87 0.23
2.01-5.00 0 1.02 0.84 0.022 0.99 0.054
>5.00 0 0.23 0.2 0.0041 0.24 0.00063
8
7
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Figure 82. Affected Areas in Lantapan, Bukidnon during 25-Year Rainfall Return Period
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For the 25-year return period, 3.37% of the municipality of Malaybalay City with an area of 1115.98 sq. km. will experience flood levels of less than 0.20 meters.
0.42% of the area will experience flood levels of 0.21 to 0.50 meters while 0.36%, 0.35%, 0.69%, and 0.21% of the area will experience flood depths of 0.51 to 1

meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the affected areas in square kilometers by flood depth per
barangay.

Table 45. Affected Areas in Malaybalay City, Bukidnon during 25-Year Rainfall Return Period

Affected area Area of affected barangays in Malaybalay City (in sq. km)
(sg. km.) by A
flood depth  Aglayan Mazzte Bangcud Cabangahan Casisang Laguitas  Linabo Magsaysay SanlJose San Martin Santo Nifio Simaya Sinanglanan
(inm.)
0.03-0.20 10.37 4.65 1.97 1.76 2.05 0.9 0.0028 1.96 1.75 0.8 3.59 0.1 5.69
0.21-0.50 0.64 0.21 0.73 0.38 0.13 0.079 0 0.12 0.1 0.033 1.58 0.0071 0.52
0.51-1.00 0.4 0.11 0.28 0.17 0.09 0.045 0 0.07 0.079 0.017 1.9 0.0046 0.73
1.01-2.00 0.36 0.073 0.18 0.078 0.068 0.044 0 0.033 0.056 0.014 1.5 0.0098 1.47
2.01-5.00 0.26 0.1 1.01 0.12 0.02 0.035 0.31 0.0098 | 0.0055 0.011 2.29 0.0058 0.87
>5.00 0.031 0.043 0.33 0.018 0.63 0.0027 0.083 0 0.00000031  0.0084 0.7 0.17 0.0059
9
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Figure 83. Affected Areas in Malaybalay City, Bukidnon during 25-Year Rainfall Return Period
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For the 25-year return period, 2.61% of the municipality of Maramag with an area of 323.88 sq. km. will
experience flood levels of less than 0.20 meters. 0.59% of the area will experience flood levels of 0.21 to
0.50 meters while 0.54%, 0.64%, 0.42%, and 0.22% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the
affected areas in square kilometers by flood depth per barangay.

Table 46. Affected Areas in Maramag, Bukidnon during 25-Year Rainfall Return Period

Affected area Area of affected barangays in
(sq. km.) by Maramag (in sq. km)
flood depth

(inm.) Dologon
0.03-0.20 8.45
0.21-0.50 1.92
0.51-1.00 1.75
1.01-2.00 2.06
2.01-5.00 1.35

>5.00 0.71

Flood
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m1.01-2.00
m0.51-1.00
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Figure 84. Affected Areas in Lantapan, Bukidnon during 25-Year Rainfall Return Period
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For the 25-year return period, 0.53% of the municipality of Quezon with an area of 641.25 sqg. km. will
experience flood levels of less than 0.20 meters. 0.06% of the area will experience flood levels of 0.21 to
0.50 meters while 0.03%, 0.05%, 0.20%, and 0.01% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the
affected areas in square kilometers by flood depth per barangay.

Table 47. Affected Areas in Quezon, Bukidnon during 25-Year Rainfall Return Period

Affected area Area of affected
(sq. km.) by  barangays in Quezon
flood depth (in sq. km)

(in m.) Paitan
0.03-0.20 3.39
0.21-0.50 0.38
0.51-1.00 0.17
1.01-2.00 0.35
2.01-5.00 1.27

>5.00 0.037
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— (m)
£ 15 m>5.00
¥ m2.01-5.00
% 1.0 m 1.01-2.00
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Figure 85. Affected Areas in Quezon, Bukidnon during 25-Year Rainfall Return Period
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For the 25-year return period, 26.33% of the municipality of Valencia City with an area of 726.07 sq. km. will experience flood levels of less than 0.20 meters.
4.59% of the area will experience flood levels of 0.21 to 0.50 meters while 4.29%, 5.25%, 5.86%, and 3.85% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the affected areas in square kilometers by flood depth per
barangay.

Table 48. Affected Areas in Valencia City, Bukidnon during 25-Year Rainfall Return Period

Affected area Area of affected barangays in Valencia City (in sq. km)

(sg. km.) by .

flood depth Bagontaas Banlag Barobo Batangan Catumbalon Colonia Concepcion agat- Kahapunan Laligan
(in m.) Kidavao

0.03-0.20 17.5 12.64 12.13 0.37 0.34 0.27 9.99 17.54 0.53 4.1

0.21-0.50 4.57 2.24 0.49 0.44 0.18 0.22 0.32 6.12 0.44 1.71

0.51-1.00 2.48 3.3 0.38 0.7 0.22 0.49 0.21 4.05 0.34 412

1.01-2.00 1.78 3.26 0.4 2.14 0.22 0.72 0.18 1.66 0.93 5.95

2.01-5.00 1.97 0.7 0.4 3.03 5.12 0.27 0.22 0.41 2.25 1.24
>5.00 0.59 0.0051 0.059 2.81 4.84 0.021 0.24 0.0005 0.11 0.033
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Figure 86. Affected Areas in Valencia City, Bukidnon during 25-Year Rainfall Return Period
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Table 49. Affected Areas in Valencia City, Bukidnon during 25-Year Rainfall Return Period

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

0.03-0.20 3.7 22.7 19.95 0.49 6 3.93 3.19 0.011 0.0012
0.21-0.50 0.15 1.77 1.12 0.5 2.01 1.64 0.2 0.076 0.0078
0.51-1.00 0.12 1.08 0.52 1.07 1.15 1.27 0.11 0.93 0.12
1.01-2.00 0.081 0.67 0.44 2.42 0.77 1.09 0.11 2.13 0.25
2.01-5.00 0.13 0.75 0.64 1.46 0.68 0.66 0.13 5.01 0.38
>5.00 0.72 1.73 0.23 1.45 0.18 0.58 0.0001 2,51 6.12

Affected Areas (sq. km)

12

10

Barangays

Flood Depth (m)

m>5.00
m2.01-5.00
m1.01-2.00
= 0.51-1.00
0.21-0.50

Figure 87. Affected Areas in Valencia City, Bukidnon during 25-Year Rainfall Return Period
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Table 50. Affected Areas in Valencia City, Bukidnon during 25-Year Rainfall Return Period

0.03-0.20 0.092 19.37 0.019 13 1.27 2.65 9.5 1.92 7.97
0.21-0.50 0.068 2.1 0.024 1.04 0.8 0.31 3.05 0.097 1.65
0.51-1.00 0.087 0.93 0.1 0.73 1.99 0.35 2.51 0.078 1.74
1.01-2.00 0.22 0.6 0.93 1.2 3.93 1.33 2.57 0.049 2.12
2.01-5.00 0.22 0.53 4.14 3.88 1.99 2.78 1.13 0.014 2.45
>5.00 0.56 0.36 0.58 1.85 0.23 0.91 0.22 0 1.02
10
9
8 Flood Depth (m)
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_;_ 6 H2.01-5.00
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Figure 88. Affected Areas in Valencia City, Bukidnon during 25-Year Rainfall Return Period
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For the 100-year return period, 0.02% of the municipality of Lantapan with an area of 290.82 sq. km. will
experience flood levels of less than 0.20 meters. 0.00% of the area will experience flood levels of 0.21 to
0.50 meters while 0.00% of the area will experience flood depths of 0.51 to 1 meter. Listed in the table are
the affected areas in square kilometers by flood depth per barangay.

Table 51. Affected Areas in Lantapan, Bukidnon during 100-Year Rainfall Return Period

Affected area  Area of affected barangays in

(sg. km.) by Lantapan (in sq. km)
flood depth
(in m.) Bantuanon
0.03-0.20 0.056
0.21-0.50 0.001
0.51-1.00 0.001
1.01-2.00 0.002
2.01-5.00 0.0053
>5.00 0.012
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£ 0015 >.00
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Figure 89. Affected Areas in Lantapan, Bukidnon during 100-Year Rainfall Return Period
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For the 100-year return period, 0.15% of the municipality of Malaybalay City with an area of 1115.98 sq.
km. will experience flood levels of less than 0.20 meters. 0.10% of the area will experience flood levels of
0.21 to 0.50 meters while 0.20%, 0.15%, 0.13%, and 0.06% of the area will experience flood depths of 0.51
to 1 meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are
the affected areas in square kilometers by flood depth per barangay.

Table 52. Affected Areas in Malaybalay City, Bukidnon during 100-Year Rainfall Return Period

Affected area Area of affected barangays in Malaybalay City (in sq. km)
(sg. km.) by
flood depth Apo Macote Santo Nifio
(inm.)
0.03-0.20 0 1.71
0.21-0.50 0 1.1
0.51-1.00 0 2.18
1.01-2.00 0 1.67
2.01-5.00 0 1.48
>5.00 0.0011 0.69
8
7
6 Flood
Depth (m)
€ 5 m>5.00
~
g’ 4 | 2.01-5.00
§ m1.01-2.00
z 3 ¥0.51-1.00
go]
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Figure 90. Affected Areas in Lantapan, Bukidnon during 25-Year Rainfall Return Period
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For the 100-year return period, 2.38% of the municipality of Maramag with an area of 323.88 sq. km. will
experience flood levels of less than 0.20 meters. 0.61% of the area will experience flood levels of 0.21 to
0.50 meters while 0.53%, 0.78%, 0.43%, and 0.28% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the
affected areas in square kilometers by flood depth per barangay.

Table 53. Affected Areas in Maramag, Bukidnon during 100-Year Rainfall Return Period

Affected area Area of affected barangays in
(sq. km.) by Maramag (in sq. km)
flood depth

(in m.) Dologon
0.03-0.20 7.71
0.21-0.50 1.97
0.51-1.00 1.73
1.01-2.00 2.53
2.01-5.00 1.38

>5.00 0.92
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8
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Figure 91. Affected Areas in Maramag, Bukidnon during 100-Year Rainfall Return Period
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For the 100-year return period, 0.49% of the municipality of Quezon with an area of 641.25 sq. km. will
experience flood levels of less than 0.20 meters. 0.08% of the area will experience flood levels of 0.21 to
0.50 meters while 0.02%, 0.05%, 0.22%, and 0.01% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the
affected areas in square kilometers by flood depth per barangay.

Table 54. Affected Areas in Quezon, Bukidnon during 100-Year Rainfall Return Period

Affected area Area of affected barangays in

(sg. km.) by Quezon (in sq. km)
flood depth
(inm.) Paitan
0.03-0.20 3.17
0.21-0.50 0.54
0.51-1.00 0.16
1.01-2.00 0.29
2.01-5.00 14
> 5.00 0.038
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Figure 92. Affected Areas in Quezon, Bukidnon during 100-Year Rainfall Return Period
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For the 100-year return period, 23.11% of the municipality of Valencia City with an area of 726.07 sg. km. will experience flood levels of less than 0.20 meters.
4.54% of the area will experience flood levels of 0.21 to 0.50 meters while 3.78%, 5.55%, 6.57%, and 4.22% of the area will experience flood depths of 0.51 to 1
meter, 1.01 to 2 meters, 2.01 to 5 meters, and more than 5 meters, respectively. Listed in the table are the affected areas in square kilometers by flood depth per

barangay.

Affected area

(sg. km.) by
flood depth  Bagontaas Banlag Barobo  Batangan Catumbalon Colonia Concepcion K?:f.::; Kahapunan Laligan Santo Nifio Simaya Sinanglanan
(inm.)
0.03-0.20 14.56 11.91 11.9 0.26 0.21 0.22 9.83 15.26 0.23 3.53 3.59 0.1 5.69
0.21-0.50 4.64 1.97 0.53 0.36 0.12 0.085 0.36 6.81 0.3 1.3 1.58 0.0071 0.52
0.51-1.00 2.19 2.85 0.4 0.24 0.25 0.15 0.22 4.7 0.59 3.06 1.9 0.0046 0.73
1.01-2.00 1.65 3.87 0.43 1.75 0.25 0.16 0.19 2.42 0.86 7.04 1.5 0.0098 1.47
2.01-5.00 2.1 1.53 0.5 4.05 4.1 0.046 0.25 0.59 2.41 2.17 2.29 0.0058 0.87
>5.00 0.83 0.013 0.12 2.84 5.98 0.021 0.31 0.0013 0.22 0.05 0.7 0.17 0.0059
16
14
. Flood Depth (m)
12
— m>5.00
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jon
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Table 55. Affected Areas in Valencia City, Bukidnon during 100-Year Rainfall Return Period

Area of affected barangays in Valencia City (in sq. km)

Figure 93. Affected Areas in Valencia City, Bukidnon during 100-Year Rainfall Return Period
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Table 56. Affected Areas in Valencia City, Bukidnon during 100-Year Rainfall Return Period

0.03-0.20 0.59 21.92 16.13 0.15 4.55 3.74 2.13 0.0038 0
0.21-0.50 0.013 2 1.04 0.19 2.61 1.9 0.15 0.0089 0.00037
0.51-1.00 0.0044 1.21 0.55 0.74 1.29 1.45 0.09 0.27 0.0021
1.01-2.00 0.0016 0.82 0.4 2.62 1.27 0.85 0.082 2.68 0.28
2.01-5.00 0.0035 0.91 0.52 1.96 0.82 0.56 0.13 4.62 0.25
>5.00 0.0009 1.85 0.3 1.72 0.22 0.61 0.0038 3.08 6.35
12
10 Flood Depth (m)
R m>5.00
£ 8 H2.01-5.00
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Figure 94. Affected Areas in Valencia City, Bukidnon during 100-Year Rainfall Return Period
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Table 57. Affected Areas in Valencia City, Bukidnon during 25-Year Rainfall Return Period

0.03-0.20 0.059 17.5 0.01 11.93 0.79 2.47 8.73 1.9 7.3
0.21-0.50 0.04 2.3 0.013 1.02 0.48 0.4 2.82 0.096 1.39
0.51-1.00 0.086 1.07 0.043 0.72 0.88 0.22 2.54 0.083 1.55
1.01-2.00 0.19 0.7 0.43 0.77 4.25 1.11 3.25 0.061 1.94
2.01-5.00 0.3 0.61 4.46 3.46 3.49 3.12 1.28 0.026 3.46
>5.00 0.57 0.44 0.77 1.33 0.31 1.01 0.37 0.0001 1.31
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Figure 95. Affected Areas in Valencia City, Bukidnon during 25-Year Rainfall Return Period
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Among the barangays in the municipality of Lantapan in Bukidnon, Bantuanon is projected to have the
highest percentage of area that will experience flood levels at 10.27%. Meanwhile, Kulasihan posted the
second highest percentage of area that may be affected by flood depths at 5.88%.

Among the barangays in the municipality of Malaybalay City in Bukidnon, Casisang is projected to have the
highest percentage of area that will experience flood levels at 10.87%. Meanwhile, Laguitas posted the
second highest percentage of area that may be affected by flood depths at 9.85%.

Brgy. Dologon is the only barangay affected in the municipality of Maramag in Bukidnon. The barangay is
projected to experience flood in 5.58% of the municipality.

Brgy. Paitan is the only barangay affected in the municipality of Quezon in Bukidnon. The barangay is
projected to experience flood in 1.93% of the municipality.

Among the barangays in the municipality of Valencia City in Bukidnon, Dagat-Kidavao is projected to have
the highest percentage of area that will experience flood levels at 10.24%. Meanwhile, Bagontaas posted
the second highest percentage of area that may be affected by flood depths at 9.94%.

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

Table 58. Areas covered by each warning level with respect to the rainfall scenarios

. Area Covered in sq. km.
Warning Level

5 year 25 year 100 year
Low 72.25 67.13 68.35
Medium 87.85 98.40 97.07
High 68.99 126.61 152.82
TOTAL 229.09 292.14 318.24

Of the 115 identified Education Institute in Manupali-Sawaga-Upper Pulangi Flood plain, 20 schools were
discovered exposed to Low-level flooding during a 5-year scenario, while 25 schools were found exposed
to Medium-level flooding and 12 schools were discovered exposed to High-level flooding in the same
scenario.

In the 25-year scenario, 23 schools were found exposed to Low-level flooding, while 28 schools were
discovered exposed to Medium-level flooding. In the same scenario, 24 schools were found exposed to
High-level flooding.

For the 100-year scenario, 19 schools were discovered exposed to Low-level flooding, while 26 schools
were exposed to Medium-level flooding. In the same scenario, 33 schools were found exposed to High-
level flooding. See Appendix D for a detailed enumeration of affected education institutes in the Manupali-
Sawaga-Upper Pulangi floodplain.

Apart from this, 34 Medical Institutions were identified in the Manupali-Sawaga-Upper Pulangi Floodplain.
Five (5) of these medical institutions were found exposed to Low-level flooding during a 5-year scenario,
while 10 were discovered exposed to Medium-level flooding. In the same scenario, two (2) hospitals were
found exposed to High-level flooding.

In the 25-year scenario, seven (7) medical institutions were discovered exposed to Low-level flooding,
while 10 were found exposed to Medium-level flooding. In the same scenario, seven (7) hospitals were
discovered exposed to High-level flooding.

For the 100-year scenario, eight (8) medical institutions were found exposed to Low-level flooding, while
10 were discovered exposed to Medium-level flooding. In the same scenario, eight (8) hospitals were
found exposed to High-level flooding. See Appendix E for a detailed enumeration of the affected medical
institutions in the Manupali-Sawaga-Upper Pulangi floodplain.
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5.11 Flood Validation

In order to check and validate the extent of flooding in different river systems, a validation survey work was
performed. Field personnel gathered data regarding flood occurrence in the area within the major river
system in the Philippines.

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

The validation personnel went to the specified points identified in a river basin and gathered data regarding
the actual flood level in each location. Data gathering was done through the help of a local DRRM office
to obtain maps or situation reports about the past flooding events and through interviews with some
residents with knowledge of or have had experienced flooding in a particular area.

The actual data from the field were compared to the simulated data to assess the accuracy of the Flood
Depth Maps produced and to improve on what is needed.

The flood validation consists of 404 points randomly selected all over the Manupali-Sawaga-Upper Pulangi
flood plain. It has an RMSE value of 1.69.
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Figure 96. The Validation Points for a 5-year Flood Depth Map of the Manupali-Sawaga-Upper Pulangi
Floodplain
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Figure 97. Flood map depth vs actual flood depth

Table 59. Actual flood vs simulated flood depth at differnent levels in the Manupali-Sawaga-Manupali River Basin.

Manupali MODELED FLOOD DEPTH (m)

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

0-0.20 141 27 22 46 30 8 274
£ 021050 10 5 5 15 10 2 47
2 osti00 9 4 3 12 16 1 45
-% 1.01-2.00 9 5 3 7 9 0 33
‘E“ 2.01-5.00 0 1 0 1 3 0 5
§ >5.00 0 0 0 0 0 0 0

Total 169 42 33 81 68 11 404

On the whole, the overall accuracy generated by the flood model is estimated at 39.36% with 159 points
correctly matching the actual flood depths. In addition, there were 67 points estimated one level above and
below the correct flood depths while there were 67 points and 107 points estimated two levels above and
below, and three or more levels above and below the correct flood. A total of 4 points were overestimated
while a total of 42 points were underestimated in the modelled flood depths of Manupali-Manupali-
Manupali. Table 43 depicts the summary of the Accuracy Assessment in the Manupali-Manupali-Manupali
River Basin Survey.

Table 60. The summary of the Accuracy Assessment in the Manupali-Manupali-Manupali River Basin Survey

No. of Points %
Correct 159 39.36
Overestimated 203 50.25
Underestimated 42 10.40
Total 404 100.00
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ANNEX

ANNEX 1. Technical Specifications of the LIDAR Sensors used in the Manupali

Floodplain Survey

Table A-1.1 Parameters and Specification of Pegasus Sensor

Parameter

Operational envelope (1,2,3,4)
Laser wavelength

Horizontal accuracy (2)
Elevation accuracy (2)

Effective laser repetition rate
Position and orientation system
Scan width (FOV)

Scan frequency (5)

Sensor scan product

Beam divergence

Roll compensation

Vertical target separation distance

Range capture

Intensity capture
Image capture

Full waveform capture
Data storage

Power requirements

Dimensions and weight

Operating Temperature
Relative humidity

1 Target reflectivity 220%

Specification

150-5000 m AGL, nominal

1064 nm

1/5,500 x altitude, 1o

<5-20cm, 1o

Programmable, 100-500 kHz

POS AV ™AP50 (OEM)
Programmable, 0-75 °
Programmable, 0-140 Hz (effective)
800 maximum

0.25 mrad (1/e)

Programmable, £37° (FOV dependent)
<0.7m

Up to 4 range measurements, including 1%, 2", 3", and last
returns

Up to 4 intensity returns for each pulse, including last (12 bit)
5 MP interline camera (standard); 60 MP full frame (optional)
12-bit Optech IWD-2 Intelligent Waveform Digitizer
Removable solid state disk SSD (SATA 1)

28V, 800 W, 30 A

Sensor: 630 x 540 x 450 mm; 65 kg;
Control rack: 650 x 590 x 490 mm; 46 kg

-10°C to +35°C

0-95% non-condensing

2 Dependent on selected operational parameters using nominal FOV of up to 40° in standard atmospheric conditions with 24-km visibility

3 Angle of incidence <20°

4 Target size > laser footprint5 Dependent on system configuration
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ANNEX 2. NAMRIA Certification of Reference Points Used in the LIDAR
Survey

1. MSE-19

Q?isﬁ
& & “’9
/ Republic of the Philippines

Department of Environment and Natural Resources

NATIONAL MAPPING AND RESOURCE INFORMATION AUTHORITY

June 24, 2014

CERTIFICATION

To whom it may concern:

This is to certify that according to the records on file in this office, the requested survey information is as follows -

Province: MISAMIS ORIENTAL
Station Name: MSE-19

Order: 2nd
Island: MINDANAO Barangay: BULUA
Municipality,: CAGAYAN DE ORO

PRS92 Coordinates
Latitude:  8° 30' 19.11464" Longitude: 124° 37' 6.46518" Ellipsoidal Hgt:  11.24200 m.

WGS84 Coordinates
Latitude:  8° 30' 15.52234" Longitude: 124° 37' 11.86795" Ellipsoidal Hgt:  78.72200 m.

PTM Coordinates

Northing: 940451.853 m. Easting: 457992.786 m. Zone: 5
UTM Coordinates
Northing: 940,474.22 Easting: 678,151.65 Zone: 51

Location Description
MSE-19
The station is located at the intersection of roads going to Cagayan de Oro City, Butuan City and lligan City. Itis
situated on the center island between two triangular islands, about 14.5 m E of Bulua marker, about 21m W of
black-tiled peace marker, about 10m S of road centerline, and about 3.5m S of the N end of the arc-shaped curb of
the island. Statio mark is the head of a 4" copper nail set on the center of a 30cm. x 30 cm. x 60cm. concrete
monument protruding by about 12cm. above the ground, with inscriptions, MSE-19, 2003 NAMRIA.

Requesting Party:  Engr. Cruz
Pupose: Reference

'
OR Number: 8796376 A
TN 2014-1437
f’mﬂ—' RUEL DM. BELEN, MNSA

Director, Mapping And Geodesy Branch

™

TR0

2

_ I

Main : Lawton Avenue, Fort Bonifacio, 1634 Taguig City, Philippines  Tel. No.: (632) 810-4831 to 41
Branch : 421 Barraca St. San Nicolas, 1010 Manila, Philippines, Tel. No. (632) 241-3494 to 88

www.namria.gov.ph

150 9001: 2008 CERTIFIED FOR MAPPING AND GEOSPATIAL INFORMATION MANAGEMENT

Figure A-2.1 MSE-19
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2. MSE-20

Feguiiaz of va Frippnas
D] OF B B mare 0 Hatoral Pesouises

MATIOMAL MAPPING AND RESOURCE INFORMATION AUTHORITY

July 11, 2012
CERTIFICATION
T wham il may conpesn
Trid i b cerfy trat Ancoeding to the reccrds on fle in this office. tha requesies swurvsy MboMERON & 35 T g -
Prowirce. MISAMIS ORIENTAL
Cimtion Name MEE-20
Order 2nd
Islang MMNDANAD Barangay LUMBIA
Murcgahty CAGAYAMN DE ORO MSL Ekevaben
PRS2 Coordinates
Laticume:  B® 287 JAESIT2 Lorgitedn  124% 36" 5002579 Elippoadal Mgt 18289200 m.
WESE Coardinstes
Latkucde 87 25" 3108192 Lamgbude 1247 J5° 55436817 Elipsoidal Hgt 25044400 m.
PTM FPRS52 Coordlnales
Morthing. 931713.583 m, Easting:  457481.339 m. Zone 5
LTI ¢ PRS9T Coordinanas
Maorthing  831,732.87 Easling: @TTA8512 P L3
Lacation Dessrphon

MSE-22

Tha station 5 locamd al barangay Lumbss, Cagayan o8 Oro Gy Itis smeated abaut 17m 5 of Km Post 1447, 10
Kt Qv Tom an oe Oro vowards Talakag. and stout 7 min, dave frem S mal The alatos @ i it of
Corn Grarchins A d Park. gboul 2 3m VWML of cenber cudd, about S ESE of road cantering, and nboul 14m
WV ol 5 gate. Stabon mar 14 the hiad of & 4° cappar nail, 22t on the center of & Som x Sem oamint gutty, with
iFSAnANSAE, KESE-20, 2003 MAMRLA

Requosing Parly.  UP TCAGP ! Engr. Christepher Crug

Pupsse Reference
O Wi BT3850T A
TH: 20141657
L] L3 | 1 1 kS

e - } ] :I:-:::-‘I:.- Fon Bordmon B Tegey Sy Meddoiey B Sl AU H3SPR R R

O AM s i Agepy W Sty Erdtends Figeres Ta S 15 30506 0

. ' ". . o WEE BNTRY gAYV PR

L 540 S 200 TP R e and) G, W RATIA ea SR

Figure A-2.2 MSE-20
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3. MSE-3241
L S i
{I“ = Pepucic o Be Phipsn
o & Depatrenl of Ervvoteent ond Moo Resoyaces

=
it

T whom it may concarn:
This is to certily that according 1o ha racords on e in this afizs, ke raguested survey infarmasion i s folows -

NATIONAL MAPPING AND RESOURCE INFORMATION AUTHORTY

Agel 18, 2013
CERTIFICATION

Provirce: MISAMIS ORIENTAL
Station Name: MSE-J241

Pupose:
OR Mumises
TH:

Ordar Jrd
[2tand. MINDANAG Barengay. BARANGAY 10 (POA.)|
Munizipalsy: CAGAYAM DE QRO CITY
(CARITAL) PRS2 Coordinates
Latibudsa: B 27" 31.07807" Longitude: 1247 3T 33.18881" Elipsoidal Hgt  109.46700 m,
WES84d Coardinates
Laphuga: B 27 27.49604" Longiluge: 124° 37" 2859687 EbFpsoidal Hgt  1TT.05500 m.
FTM Caarditates
Northing: 535289375 m. Eastng 458409251 m. Zone: 6
UTH Coordinatas
Ngrthing:  835.314.30 Easting  BTR.EB4TH Zone: 5
Lecation Dessrighon
NSE-3244

ki laemad & the Senber sland @ n
Sungcln Blog. and Super Marl Mall, about 23 m._ facing the mail eabrancs. Mark i
embedded on & 23 oM. X 15 om. concrede Block, with inscrphons "M3E-3231 2007 MaktRs

Reguesting Parmye: UP DREAMI Malshor Nery
Reforgnce
M4l B
o REERE ]

Macspagsl Ad., Bryy. 10 (Pob}.

RUEL OM. BELEN, MNEA
Cirector, Mapping and Geotasy Dmmn‘b

SR IR R

Uan - Lywfmn bownaa Foal Baribazn, 1408 Tuguig iy, Falgpamm D6 %o 300 1 34011 1 W0
Frareh 21 Rormorn 7 e Moo, THID Raade, Prdicpaan, Tt B[S -3 o R
LTI, 38

Figure A-2.3 MSE-3241
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4. MSE-3340

Republic of the Philippines
Department of Environment and Matural Resources

NATIONAL MAPPING AND RESOURCE INFORMATION AUTHORITY

July 11, 2014

CERTIFICATION

To whom it may concern:

This is to certify that according to the records on file in this office, the requested survey information is as follows -

Province: MISAMIS ORIENTAL
Station Name: MSE-3340
Order: 3rd
|sland: MINDANAO Barangay: AGUSAN
Municipality: CAGAYAN DE ORO CITY MSL Elevation:
(CAPITAL) PRS92 Coordinates
Latitude:  8° 29" 23.43073" Longitude: 124° 44’ 11.52934" Ellipsoidal Hgt:  5.99600 m.
WGS84 Coordinates
Latitude: 8°29' 19.85261" Longitude: 124° 44 16.93252" Ellipsoidal Hgt:  73.80100 m.
PTM / PRS92 Coordinates
Northing: 938730.493 m. Easting: 470991.591 m. Zone: 5
UTM / PRS92 Coordinates
Northing: 938,819.85 Easting: 691,159.90 Zone: 51

Location Description
MSE-3340
MSE 3340 is located inside the Agusan Barangay Plaza, Agusan, Cagayan de Oro City. Mark is the rubber
engraved with bronze nail at the center of a concrete monuments with inscription * MSE 3340, 2008 LMS 10" on
top.

Requesting Party: UP TCAGP / Engr. Christopher Cruz

Pupose: Reference
OR Number: 8796507 A
T.N.: 2014-1598

RU FLEN, MNSA
Directo appingAnd Geodesy Branch
7

| VWO TR

NAMRIA OFFICES:
Main : Lawion Avenue, Fort Borifacio, 1634 Taguig City, Philippines  Tel. No.: (832) 810-4831 to 4
Branch ; 421 Barraca St. San Nicolas, 1040 Manilz, Philippines, Tel. No. (632) 241-34%4 10 88

www.namria.gov.ph

i e st 150 9001 2008 CERTIFIED FOR MAPPING AND GEOSPATIAL INFORMATION MANAGEMENT

Figure A-2.4 MSE-3340
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

Republic of the Philippinas

Department of Environment and Natural Resources
NATIONAL MAPPING AND RESOURCE INFORMATION AUTHORITY

To whom it may concem:
This is to certify that according to the records on file in this office, the requested survey information is as follows -

February 11, 2015

CERTIFICATION

Latitude:

Island: MINDANAD
Municipality: CITY OF MALAYBALAY MSL Elevation:

(CAPITAL)

Latitude:  8° 3' 25.94887"

8° 3' 22.52096"

MNorthing: 890880.244 m.

Northing: 891,179.54

Province: BUKIDNON
Slation Name: BKN-475

Barangay: AGLAYAN

Longitude: 125° 7" 58.68680" Ellipsoidal Hgt:  404.31400 m.

Longitude: 125° 8" 4.12506" Ellipsoidal Hgt:  473.96000 m,

PTM /PRS92 Coordinates
Easting:  514656.29 m. Zone: 5

UTM / PRS92 Coordinates
Easting:  735,073.78 Zone: 51

Order: 2nd

PRS92 Coordinates

WGS84 Coordinates

BKN-475

From Malaybalay City Proper, travel along the Naf'l. Road going to Valencia City until reaching Brgy. Aglayan.
Station is located inside the DPWH compound. Mark is thegaheagd ofadin copger nail ambu?%adr%s;} :guycqa'n % 30
cm. concrete block, with inscriptions "BKN-475 2007 NAMRIA".

Location Description

Requesting Party: AB Surveying & Dev't.
Purpose: Reference
OR Number: BOTTE42 |
TN: 2015-0286
d Geodasy Branch
HAMRIA OFFICES:
: Wi - Larwion Awenu, Fovt Borilicin B0 Taguiig City, Shlinpinen. Tal. Mo : (07 8104801 i 41
iR St a2 Barace 51 San Mosis, 170 Mania, Priégoren. Tel Mo, 1632 2973404 w
ﬂ.\.‘:\:‘:'."e E;_—,'_‘- www.namria.gov.ph
st [SC) 3001: 2008 CERTIFIED FOR MAPPING AND GEQSPATIAL INFORMATION MANAGEMENT

Figure A-2.5 BKN-475
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6. BKN-478

Tawhom it riay concern:

Ripiitiic of fhe Phill poines
Dapariment of Envirorment and Nalirdl Resoumss

NATIONAL MAPPING AND RESOURCE INFORMATION AUTHORITY

CERTIFICATION

Movember 14, 2018

This I8 ko cerify that mrﬁuummnmﬁhmmhuﬁm,!emjummnyinfummimiamm-

Provinee: BUKIDMON
Station Marme: BEKN-4TE
Oirddesr 2ned

Island. MINDANAG Barangay: SINAYAWAN
Municipality: CITY OF VALENCIA MEL Elevation
PRS92 Coordinates
Latituge:  7F 52' 30.32085% Longitude: 125° & 3326511~ Ellipscadal Hgl: 30283700 m.
WEEM Coordinates
Latiiude: 7 52° 3594157 Longituce:  125° 8 38.71984~ Ellipsoidal Hgt 372 88500 m.
PTM / PRE92 Coordinatos
Morthing: 871017.702 m. Easting:  S157Z1.851 m, Zone: 5
LUTM / PRS82 Coondinates
Morthing:  871,315.75 Easting. 738235488 Zone: 51
Location Description
BKM-478

% located beside the basketball court of Purok Bmymﬁs:ﬁmm Mark is the head of 34 in, COpper sl
1 ﬂmﬂ’!-

enﬁddmnnamcmxﬂu:m_mr&&m

Requasting Party:  Phil Licar 1

"BEN-4TE 2007 HAMRIA"

Purpose: Reference
OR Nurmbear; FREE ISSUE
T.N.: 2018-2056
1 MAlieLy [P TCES:

M Livdor Samras Fit Buomfacin, 103 Tagrag (ty, Pt Tl Mp.: J00 B0 ic 44
B 7 P . s ek, 4003 Wi, Priipprss, T iy L= RSP

www. namria.gev.ph

530 i 2008 CERTIFIED FOR VFPING AT GEDSPATIAL INFORBUNTION MPHAGEMENT

T1T 494201

Jllqn!r

Figure A-2.6 BKN-478
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BK-56

Republic of {ha Phiippines
Depariment of Envirsnmeant and Natursl Resources
NATIONAL MAPPING AND RESOURCE INFORMATION AUTHORITY

February 11, 2015

CERTIFICATION

To wham it may concern:
This is to certify that according lo the records on file in this office, the requested survey information is as follows -

Province: BUKIDNON
Siation Name: BK-56

Island; Mindanao Municipality: MALAYBALAY Barangay: KALASUNGAY
Elevation: 656.6448 +/- 0.00 Order: 1st Order Datum: Mean Sea Lavel
Latitude: Longitude:

Location Description

BK-56
Station is located al the west post of the welcome arc of Malaybalay, and about m. from the centerline of the
highway. Mark is the head of 4" copper nail set on a drilled hole and cemented on top of a 15x15 em. cement pity

with the Inscription " BMBK-56, 2008, NAMRIA",

Requesting Party:  AB Surveying & Dev't.

Purpose: Reference
OR Number: 8077642 |
TN.: 2015-0285

l! l! 1

T RO TEFEYNI TR

MANFIA DFFICER:
Main | Lanwdon Svenees, Forl Bondacio, T8 Taqug City, Philiopines Tl No - (632) 810-3831 10 41
Beanch  £21 Beeraca St San Molay, 1010 Mania. Prifippnas Tal Ma. (532) 341-H34 10 28

www.namria.gov.ph

180 8001: 2008 CERTIFIED FOR MAPPING AND GEOSPATIAL INFORMATION MANAGEMENT

Figure A-2.7 BK-56
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ANNEX 3. Baseline Processing Reports of Control Points used in the LIDAR
Survey

Table A-3.1[]
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ANNEX 4. The LIDAR Survey Team Composition

Table A-4.1 The LiDAR Survey Team Composition

Data Acquisition
Component Designation
Sub-Team

PHIL-LIDAR 1 Program Leader

Data Acquisition | Data Component
Component Leader Project Leader — |

Chief Science
Research Specialist
(CSRS)

Survey Supervisor
Supervising Science

Research Specialist
(Supervising SRS)

Senior Science
Research Specialist
(SSRS)

LiDAR Operation

Research Associate
(RA)

Ground Survey,
Data Download and RA
Transfer

Airborne Security

LiDAR Operation
Pilot

Name Agency / Affiliation

ENRICO C. PARINGIT, D.ENG

ENGR. CZAR JAKIRI SARMIENTO

ENGR. CHRISTOPHER CRUZ UP-TCAGP

LOVELY GRACIA ACUNA

LOVELYN ASUNCION

FIELD TEAM
JASMINE ALVIAR

PAULINE ARCEO

GRACE SINADJAN
ENGR. IRO NIEL ROXAS

UP-TCAGP
REGINA FELISMINO
NICHOLAS ILEJAY
LANCE KERWIN CINCO
BRYLLE DE CASTRO
PHILIPPINE AIR

SSG. LEE JAY PUNZALAN FORCE (PAF)

CAPT. JEFFREY JEREMY ALAJAR

CAPT. CESAR ALFONSO I ASIAN AEROSPACE
CORPORATION
CAPT. ANTON DAYO (AAC)

CAPT. ERNESTO SAYSAY JR.

127



LIDAR Surveys and Flood Mapping of Manupali River

ANNEX 5. Data Transfer Sheet for Manupali Floodplain

DATA TRANSFER SHEET
06/10/2014{Northern Mindanao) W“ ‘L“}
- y
i RAW LAS RAW MISSION BASE STATION(S) FLIGHT PLAN
DATE i MISSION NAME SENSOR LoGs(MB) | Pos |macesica| L€ | manse | piemzer OPERATOR LOGS SERVER
' Output | PR R BASE (oPLOG) LOCATION
LAS (swath) LOGSE STATION(S) Base info (.txt) Actual ML
5/22/2014 |12s7P 1BLKETB142A  [PEGASUS |18 1342 851 201|318 221 181 |Na 519 1KB K8 49 MA ZViirbomme. Rawht
497P
5/23/2014 |15m1P 1BLKB7C143A PEGASUS |3 1221 141 271 773 539 295 MNA 761 1KB K8 58/55 NA Z\hirborne_Raw\1
5018
5/24/2014 |1s0sP 1BLKB7BC144A  |PEGASUS  [225 758 10 212 |es7 340 218 [Na 768 1KB e a7 NA E\Akbarrie_Rawi1
5059
5/25/2014 |[1508P 1RDXE145A PEGASUS |24 338 1.2 254 . p Z\irbome_Raw\i
Lo¥™ %ﬁfﬁ 26.2 Na 496 1KB 1KE 50/43 NA saap
5/27/2014 |1517P 1RXE147A PEGASUS  |2.74 1497 12 235 NA NA 277 |na 07 1KB 1KB 78072 NA MmO ]
S17P
5/28/2014 [1521P 1RXC148A PEGASUS  [2.39 450 12 262 [Na NA 28 NA 554 KB Ke  [s2 NA EVithome_ Rt
521P
Recelved from Received by
— __Nama £~ g“ e A0 Nams JOpf
T i siton of10[201%
- T g Signature

Figure A-5.1 Transfer Sheet for Manupali Floodplain - A
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DATA TRANSFER SHEET
07/28/2014(Northern N - ready)
DATE | FLIGHT NO. | MISSION NAME | SENSOR i paw:  [EEERLLOD PASESTATION®) | operato THEEIEIRAN
= LOGS(MB) [ POS [ as| FLERCAS | Rance | bicirizer o SERVER
OQutput LAS LoGs BASE Baseinfo | (OPLOG) LOCATION
(swath) STATION(S) | (et) Actual KML
6{8/20 14]) 1565P 1BLK71B159A | Pegasus |Na 16 6.93 168|NA NA 13.3|nA 7.75 1KB 1K Z\Airbome
R : ; B 36 NA : =
6/9/2014f 1569P | 1BLKRXE160A| Pegasus [4.16 832 16.5/ 290|888 62 38.5/na 10l  1ke ZR::irboma
: : ! kB 85 NA i o
Raw
6/16/2014] 1587P 1BLKRXE167A| Pegasus [2.18 332 105 237[NA NA 21.3|NA 7.52| 1ke 1K8 ggl NaA |FAibome_
Raw
6/19/2014] 1609P 1RXS170A | Pegasus |[2.16 526 112 259|453 309 22.1|Na 707 ike 1KB 7776]  NA  |ZVAirbome_
Raw
6/20/2014| 1613P |1BLK71G171A| Pegasus [3.44 177 13.7 258(67.3 437 33.2|NA 592 1ke 1KB a6l Na  [Zibome_
R
6/23/2014 1625P |1BLKE7BC174A| Pegasus [3.00 1112 147 212|603 415 29.4/868 497 1kB KB s2i56]  NA Z:a:mme_
Raw
6/24/2014] 1629P |1BLKRXES175A| Pegasus |2.79
370 10.7 187(%3 A 26.1MA 445 ™8 e 73| NA RO
6/27/2014] 1641P | 1BLK6BA178A| Pegasus |294 rhome:
1995 1258 268[7"4 - 28,92 7 " e | COOVENN N [imome.
6/27/2014] 1643P [IBLK67ABS178H Pegasus |532 NA NA s Airbome
95 4.33 119 565 77 o 48 NA ﬁﬁ h
6/28/2014 | 1645P 1BLK71C179A | Pegasus |2.84 \Airborn
i NA 11.4 242|518 ars 27 .4|Na 1KB LA ]
6.25 KB 50/68| NA |SWAreome.
Received from Received by
_Neme  TIN ApDa Name d
L ——— T —— ;
LT — YY1

__5_@6*“_”_«

Figure A-5.2 Transfer Sheet for Manupali Floodplain - B
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& &

!

DATA TRANSFER SHEET
08/05/2014({Northern Mindanao - ready)
RAW LAS MISSION LOG BASE STATION(S) OPERATOR FLIGHT PLAN SR
RAW
RANGE | DicimzER LoGS
DATE | FLGHTNO. |  MISSION NAME BENBOR | ot LA Km_) LOGS(MB) |  SHP POS |, ncesicasi v “:1::'5“ = 5'{';:';“ (0PLOG) Actual KML | LOCATION
Z\Airbome:
7/3/2014 1665P |4g|K71ES1B4A Pagasus 606 93 469 94.5 189|NA NA 8.77|NA 604/ KB KB as| NA  |gow
Z\irbome,
7/5/2014) 1673P |4gLK71ES186A Pegasus |1.05 379 7.58 335 1a0[224 167 12.5/278 500 KB KB azesl NA oo
Z\irbome:
7/6/2014| 1677P |4g| k715187A Fageius. |60 68 5.33 188 141|112 i 7.79|NA 494 %8 L 130] NA - fpew
Z\Airbom
7/8/2014| 1685P |1gLK71S189A Pegasus |2.31 515 11 578 242|%7 288 204|474 439] e 1KB 184 NA ooy ",
ZA\Airbarme_
7/8/2014| 1687P |qg1 k7151898 Pegasus 748 79 481 1?6] 13g|NA NA 7.47[NA 4.39' 148 1KB Na|  NA oy
Z\Airborme
7/9/2014) 1689P |4g| k715190A Pegasus 2.8 156 12| 740 257|NA i 27.4|NA 3.ss| ARy K8 106/207| NA oy
Z\Airborne
7/10/2014] 1693P |1RXES191A Regoss 170 551 a.11| 448 175N NA 16.9|NA 408 KB HE 53 NA  JRaw
Received from Received by
__Name TIN_ANDATH Name _ JoIPp . PRITID .
Posiion  JLA = Psiion I3 sleiy
Signature Signature = L

Figure A-5.3 Transfer Sheet for Manupali Floodplain - C
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DTl THAMNSF ER SHET
BADNON 11189
Ty T —— ]
S ST
s e, | Sar | seweon wos | rom [ m i | e | nomme o ornaro | PSRN saven
Lo sanOusy [S=e=tn oeon | dous HEiL | LOEAEON
1Rl
October 73, 2006 | 3 BEEP a ?I PG (A E Fei B4 ] o A 153 - i — - 138 L F‘:"m
1BENDE?
Cutober M, 2016 | 2 548ip 3] 1PEI1'&.I&- zn =3 T kL A HA a8 WA, P — - wr - L"E.,'Fm'
Rt e P
M Eerty o _OC iﬁ"‘ﬂﬂ"‘"
Psiass L . A

: el TS
a-ntg?@- s w{ MieTil,

Figure A-5.4 Transfer Sheet for Manupali Floodplain - D
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DATA TRANEFER SFIET
mempnce {15 R 2o

— = LT I I Fe—— Bask Ao | FLIGHT PLAN
Pt 8 | MSSION WAME | SENSOR LGS POS TR
Cupia LR -m.mld meomman| Moot | M| m“m.L-"'"-l n::. Aot WL || LECATION
Oecrpher 15, 2006 | 23483F | IBENDEI99A | rocssus | zzone | seen | soee | sous . i PR ha 1T s wh [ - " E“""“"'""'
Eayaferd bpem Aucssvad op
NPT K Borg st
Pranoe F_rr

Figure A-5.5 Transfer Sheet for Manupali Floodplain - E
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DATA FRANRFEA BHEET
BLUKDRONE 11140075

HAW LAT

batE FLiGHT ) | ERON ke | SR RSOE i 1 Ol PO " H-III .J_rl:f AL CHETUR R :::m::‘_ _.n.;um il e
Chalgnal. EM L (et LiGE o Ay i jow el L

Movember OG, 006 FESLGP | IBENEIILA | PRGNS zar A 115 . W i s Ty ] HE (-1 ik Fas
Mowrsiber DG, 016 IS1APF | tmsralln | reoedas W Wik 4 16 = Y Ak T F 1 [ ] r b
Mowermsbear 07, 20006 13520F | 1DEreElIaA | PerasuR Tl [T 13 E1] = - Y ™ e e KB ey s
Mowembsr 08, 2006 509 | 1BENFIIIA | FEOaEUS za A @ ol W ot I B ay “E 0l . 128

I
1,].5"'1 "'l P L Rl Fsinira el by
LT '&& BI"‘&"I.-""

Figure A-5.6 Transfer Sheet for Manupali Floodplain - F
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OATA TRAMEFTR BHLET
MUHDNOY 1L

AR AW LA [ RAAL ITATICH I LT LA
DATE Flstiee | Tl | sewson T —— O st FAENAN | M | SN “:.T,:* P “E::' i
Nowernlier 10, X1E | JE534P "“;:Hl CErALLE 18 L [l me LT L] L1 Hi 1 el L] s
Kaversber 11, 2006 | 2I5B6F 1-:;:“ [ {FTT 248 ik wa Y L= [ Ha [T 164 TEE ] -
Movember 13, 2016 | 255.80F I-T“? P 13 by m 3 e = na rs nr 1R 1= i
Movamber 13, 2006 | Z3544F l-r:t“"' PGSR 1an 2] W e M L R ] [ E L & ECT
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Figure A-5.7 Transfer Sheet for Manupali Floodplain - G
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ANNEX 6. Flight logs for the flight missions

1.

Flight Log for Mission 1517P

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

DREAM Data Acquisition Flight Log

Flight Log No.: /SI?P

[2 ALTM Model F2pd 5y s |3 Mission Name: /Rx = (f74 4 Type: VIR

5 Aircraft Type: CesnnaT206H |6 Aircraft Identification: R P-/g
-

22—

1LiDAR Operator: [, Rosma S

|8 co-pilot: C. £ w50

9 Route: Cpo

7Pilot: (T Alsjowr

CaMesa 7{7/“,5 Vlfzﬂjﬂt%'ﬁw&

10 Date: 12 Airport of Departure (Airport, City/Province): 12 Airport of Arrival (Airport, City/Province):
May :.?,fwfs/ ’ cro
13 Engine On: ‘14 Engine Off: 15 Total Engine Time: 16 Take off: |17 Landing: Il&Total Flight Time:
|_p702 ach 4423
19 Weather w;’, cleat >
20 Remarks:

SUVVOV{CI MFWI (RXD  and M}C O_F RXE at U0t 107D ma —hsn. 700 4 )'

21 Problems and Solutions:

Acquisition Flight Approved by

S ‘ens
Signatdre over Printed Name
(End User Representative)

Acquisition Flight

rified by
éuﬁ%&n

Signature ovef Printed Name
(PAF Representative)

Pilot-in-Command

[48

Signature over Printed Name

Lidar Operator

/Sig{;ge over Printed Name

DREAM

Disaster Risk and Exposure Assessment for Mitigation

A

Figure A-6.1 Flight Log for Mission 1517P
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LIDAR Surveys and Flood Mapping of Manupali River

2. Flight Log for Mission 1569P

o g P k e
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..!,i'".!'.l" l -F'raf,p.l':il '!If'-‘“ T e —

S ' Pl L w7 g e
ERE A L A R Lesg . Furm
e T e Vel fripe py |LBABSIER Mpme ) (g Tl A Frne  VER "o dbreealt Type Cevonalaous K sirwafs e catian 230 cret e
::'::t;' Ay Sofe: h:'*" . — e e Fr— T e
) “‘I -.'..l','

!il Eprepihn |

F,

.“;".""" R £ . . ———
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l.-""I'.Il..'i-'.l'_-'-'-'- o P2 L e _-J":n"'" Mo B S

——y
fLar®

[ 20 remsteem il o aeieey :
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e i“-l-t'n.z'l.'- _| i'-.-'f‘:" LT
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i e Ll 8 sy
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DREAM

Dinasier Risk and Emposure & it Tor Milgakian

Figure A-6.2 Flight Log for Mission 1569P
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

3. Flight Log for Mission 1597P

SR Cown Badnie gt L ' Mighi Lag Ma: 5 T 7
PLEAE e O i waqﬂ Wil oo M 06 Bl b Daeviil B &y rermit T Clinma TIOR8 AUnracit e il o b o £l -ogg 13-
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| b e K2l F f L
. g gl 1 L oy o - M I
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. F oy 3
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70 g 8 e bl
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Figure A-6.3 Flight Log for Mission 1597P
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LIDAR Surveys and Flood Mapping of Manupali River

4. Flight Log for Mission 1629P

L A
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Figure A-6.4 Flight Log for Mission 1629P
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

Flight Log for Mission 1693P
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|
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Figure A-6.5 Flight Log for Mission 1693P
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LIDAR Surveys and Flood Mapping of Manupali River

6. Flight Log for Mission 23486P

PHIL-LIDAR 1 Data Acquisition Flight Log Flight LogNo.: 23 «rgr'z, />
10DAR Operator: J . Al 2ALTM Model: ){Mw(a Mission Name fﬁgy; 299A44Twe: VR 5 Aircraft Type: CesnnaT206H 6 Aircraft Identification: B/t
7Pilot: A . ‘T)u,.., Beopilor: |~ Cpy©  eRoute: A i S P e S
10 Date: Oy{ ‘12 Airport of Departure {Airport, Citv/Pro 512 Airport of&rrivai (Airporlg, City/Province): |
I - & % w/ | R - — oo F LAy e S ST |
13 Engine On: %14 Engine Off: m;l Englne.?'ﬁne 16 Take off: 5"’7’7 landing: ¥ 118 Total Flight Time: i
st | [l 34y 2T i A 7 | 3rey
19 Weather M——,&fr«dfg{_&?a_,u?%/;u e i . |
20Fiight Classification B 11Remarks
20.a Billable 20.b Non Billable 20.c Others Visuad Ao vy Fa "Z""‘?”i o g
] 74?.&;7/"1/-,—39/ B Sk Pt ch (7,%;«/“—-— I/Vf

;a/Acqutsitinn Flight O Aircraft Test Flight O LiDAR System Maintenance _7{

O Ferry Flight © AAC Admin Flight O Aircraft Maintenance S resre oA w0 /e pn ML

© System Test Flight © Others: O Phil-LiDAR Admin Activities

© Calibration Flight
22 Problems and Solutions S ]

O Weather Problem

Q System Problem

G Aircraft Problem

Q Pilot Problem

O Others:

Acquisition Flight Appraved by Acquisition Flight Certified by Pilot-in-Command LiDAR Operator - Aircraft Mechanic/ LIDAR
5 w;«%\?\sm At OO At
Signature over Printed Name Signature over Printed Name Sighature over Printed Name Signature over Printed Name
(PAF Representativa)

3

Figure A-6.6 Flight Log for Mission 23486P
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

7. Flight Log for Mission 23488P

PHIL-LIDAR 1 Data Acquisition Fiight Log Flight LogNo:: 2 39 ¢ =
1LiDAR Operator: 2 (B, /¢ oo ALTM Model [P aym 53 Mission Name: /[l 2 544 Type: VFR lsmrcraf: Type:CesnnaT206H 6 Aircraft Identification: 27 Capfm> 2
7Pi|ot:e/£ [ |8 Co-Pilot: E i aRoute: /ol ¢ I R i
110 Dat # = ‘12 Airport of Departure (Airpor, City/Profince): @2 Airport of ArnvalﬂAlrpnrt, City/Prowh:e) |
i ""df oddid Arprnn AN o . T2 gy s |
13 Engine On: 14 Engine Off: ) [15 Total Engine Time: 16 Take off: 1? Landilrg: 18 Total Flight Time:
_osupt teas ¥ | 4+ 29 o [t | cozs /7 J v Ay
19 Weather % "/"',_/j?‘ 7{{% ,,,,, ﬂgw’,g*?, . S——
20 Flight Classlf' catmn . 21 Rernarks /p/ -
(077 ;5(4' v ‘7&.. rﬁﬁ
20.a Billable 20.b Non Billable 20.c Others osecl / 11 e 4
AUrTa  Sary a-fj-pc{’ el oonn teotendhed
2" Acquisition Flight O Aircraft Test Flight © LiDAR System Maintenance
© Ferry Flight O AAC Admin Flight © Aircraft Maintenance - [7o= /sl |
O System Test Flight © Others: ©  Phil-LDAR Admin Activities !

© Calibration Flight |

122 Problems and Solutions

O Weather Problem

O System Problem

O Aircraft Problem

O Pilot Problem

O Others:
|

Acquisition Flight Approved by Acquisition Flight Certified by LiDAR Operator Aircraft Mechanic/ LIDAR
§ CoanCliwogdp,
SI_yorusf R SEEERTE . =
Signature over Printed Name Signature over Printed Name Signature over Printed Name Signature over Printed Name

{PAF Representative)

Figure A-6.7 Flight Log for Mission 23488P
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LIDAR Surveys and Flood Mapping of Manupali River

8. Flight Log for Mission 23492P

PHIL-LIDAR 1 Data Acquisition Flight Log

FlightlogNo: 2.3 (59 ,/P

[1ipaR operator: &. Buigneto 2ALTM Model:"?;;

3 Mission Name:/MfQ%\fA 4 Type: VFR

}SAircraf-t Type: CesnnaT206H 6 Alrcraft Identificationf @ f— C 7¢72 >

7Rilot: A . L2, (8 Co-Pilot: JQ- G 9 Route: (‘*th&tjuﬁgﬁmglﬁn g ___ e
10 Date; 4 Ffﬁ}pa-r-t of Departure (Airport, Gity/Province):  “12 Airport of Arrival (A rpﬁﬁﬁ; /Province):
el N ¢ é“W"."‘\O{" ‘V\-( (2 ___m,,i&ég?d%a;f, e o e o
13 Engine On: 14 Engine Off: ‘{15 Total Engine Time: 16 Take off: 17 Landfng: 18 Total Flight Time:
) Cltraf ‘ /0 3T | 423 0‘«!7!}— /n.‘u/?l 44 /3
19 Weather o e

20 Flight Classification

20.a Billable 20.b Non Billable
,e/AcquIsltion Flight O Aircraft Test Flight
© Ferry Flight © AAC Admin Flight

| o System Test Flight o Others:

| © Ccalibration Flight

21 Remarks

20.c Others

O LiDAR System Maintenance
© Aircraft Maintenance
O Phil-LiDAR Admin Activities

vy SANE & Aooan prsi

grzuziP-mblerns and Solutions

Weather Problem
System Problem
Aircraft Problem
Pilot Problem
Others:

Q0000

Acquisition Flight Approved by
Fechnicien %

Acquisition Flight Certified by

Pilot-in-Command

§54_wmeuT R s A7D
over Printed Name Signature over Printed Name Signature over Printed Name
(Etfid User Representative) (PAF Representativa)

LIDAR Operator Aircraft Mechanic/ LIDAR
[enCousga -
enneth Quisad? [

Signature over Printed Name Signature over Printed Name

Figure A-6.8 Flight Log for Mission 23492P
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9. Flight Log for Mission 23516P

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

PUIL-LIDAR 1 Data Acgudsition Flight og

F.3LRaAY - }z ALTM I \Udel ﬁhnsus

[ lIDAR Operalor:

2 Flight Classification

20.a Billable 20 b fon Billabile
® Acquisiilon Flight U Alrcraltt Test Flight
~O ey Hight o AAC Admin Flight
O Systern Test Flight @ Othees: g |

o Calibration Fiight

‘L Problems and Solutions

Weather Pioblen
Systein Problem
Alrcrafi Problem
Pllot Prablem
Others: _

=)
©
19
@]

w

Acquilsitian Fllght Approved by

Slgnamre &} ul’rmlul lldmc
(End User Representative]

: —RRAD R — v e
EM!salL.n Name 4T\pr VFR SAHcmf.Typ pe:

A, OAYO |8 co-p €. saviad Ghowte:  WhgAWOAN i
T U7 Blipert of Depanure (Airport, Gity/Province)s 12 Alrpoert of Arrival (Afmport, City/Province):
Nov. G, 2o0We LAGUINDINGAN b LAGu (R DIN AN
13 Engine On: ‘14 Englne Off: 15 Total Cngine Time: |16 Take offs 17landing:
0% 25 2 4g ‘1 +2» 0% 20 2 4%
19 Weathe CLovd i PESIE SIS

21 Remarks

20.c Others SuoL BRSSPI

& LIDARSystem Maintenance PLooopLAN
O Aircraft Maintenance

& Phil-lIDAR Admin Activities

LiDA]

Signature over Printed Harr;ae

PAF Adpresentative]

snnal. 206“ !6 Aircraft Idei_mﬂca tion:

,_f,ﬁ,,‘,l DO

PUAGHT

e R

Signature over Printed Name

{—thx log o 2,3 Sie P

[

B7ofal Flight Time:

GWVERED  MamuPALL- 64 aALA

WITH VoD S

Alpcraft RMachanic/ LDAR Technidian

Signature over Printed Name

Figure A-6.9 Flight Log for Mission 23516P
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LIDAR Surveys and Flood Mapping of Manupali River

10. Flight Log for Mission 23518P

- Calibration Flight

27 Probilems and Solutions

© Wealher Pioblem
& Systern Prablem
© Alreraft Problem
Pilot Problem

o ehees ..

C

slgnarure

PHIL-LIDAR 1 Data Acguisition Hight Log

Acquisition Flight Approved by

e Pricited Hame
{End User Representative)

nghtlng Ho.a Q.%gjw

3 Mg el -——ABENOF o e
LIDAR Ope rator: s ms;‘mf’ AT Wodel: Pgabews e tission _ ATWEUER ]-fﬂi’?ﬁ!k‘i_%éﬂ!‘au‘}““ s piee ”r“‘“de“ "EE!BE,EV'P"-‘-’?--e
TPilul: N pAve |o co-pitor: g . SAYSAY B : i e
i Date: (12 Alipoit of Departure (Airport, Gity/Province): 12 2 Alrport of Arrival (Almort, City/Province):
~ Now. G, 20\ LAGUINDINGAY AGUINDINGAN ) Rt o
13 Engine Qn: 14 Englug O 15 Total Engine Time: 16 Take off; 17 landing: llBTotal Flight‘f"me
, M 54 L ) .2 N R S AL
19 Weather TAIR B R e LEete SR e
¥ Flighh Classification 21 Remnarks
20.a Gillable 20 1y Mon Billable 20.c Others SUCLESSFUL  FUlahT;, CONERED MARCPAL - SKGAWA
" " T ; = 5 FLooDPLALN

®  Acquisition Flight O Alcafi Test Flight O |IDAR Syslem Maintenance

O Feny Hight O AAC Adimin Flight O Aircraft Malntenance

- Systern Test Flight ¢ dhheiss SO O Phil-1iDAR Admin Activities

LiDAR Dperator Ajreraft hachanic/ HIDAR Technician

_S’:M‘:ﬁﬁlﬂo Te i mata e

Signature over F‘rlnted Name

Signature over Printed Name

signa:re over Printed Nm;a

S8 E Representative]

Figure A-6.10 Flight Log for Mission 23518P
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11. Flight Log for Mission 23520P

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

WHL-LIDAR 1 Data Acquisiton Hight Log i
LLIDAR Operalor: F. JWCSAY 12 AL Mudel: PeoAsus
Mhooaje  [CoPilol €, saypsay 3R X
12 Alipoit of Departure (Airport, City/Province):
LAGuINDIRQ AN

l]STﬂtat En

ALer

160 D3 te:
_ Woe 7, 20l
13 Engine On:
by ‘

19 Wealher

LAGUIRDINGAN
17 landing:

gine Time:
A

" |16 Take off:

14 Engine Off:
iz

AR eil,

ATypei VPR s AlrerafiType; GesnnaT208l |6 Alreraftiden

12 Alrport of Arrival (Alrport, Clw_/Prm:iﬁa-lE_

Flight log flo.: 23GLoP

lealion: RE-CRIZS: .

$iaf

‘i’s‘r&a_l" Flight Time:

20-Flight Classification 21 Remarks

SULLESSFUL

0.a Billabla 20 1 Mo Billable 20.c Others

% OVER
O LiDAR System paintenance

O Aircraft Maintenance
O Phil-LIDAR Admin Activities

Alrcraft Test Flight
ABC Adimin Flight

Elthess

O

Acquisitlon Flight
Ferry Fight

Systern Test Flight
Calibration Flight

(%)

(] ] LTI

(%]

22 Problems and Solutions
& Wealher Problen
Systern Prublem
Alicraft Problem
Pilot Problem
Others: . __

(8]
(8]
(@)

C

Acquisition Flight Approvad by

o a

_._,N

Signaure'o

Priated Hanie Signature over Printed Name

FRepresentative)

[End thser Representative) {

TLienT,
MPRVE AU - SALAVA

Signature over Printed Name

GATS /NORS
FLooD PLAIN

LoueRED

Aircraft Machanic/ LIDAR Technician

oy
hor A

Signature aver Printed Nariie

Figure A-6.11 Flight Log for Mission 23520P
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LIDAR Surveys and Flood Mapping of Manupali River

12. Flight Log for Mission 23524P

o Systern Test Hight
w Calibration flight

22 Probilems and Solutions

Weather Pioblen
Systein Prablem
Alcrafi Problem
Pilot Probilem
Olhers: _

5]
(B}

[

<

Acquisition Flight Appeeved by

Slsnamr&‘
(End User Representative)

¢ Printed Haime

PHIE-LIDAR 1 Data Acgaisition Hight Log
3 - - 0F ARE® - i M
HDAR Dperator: e Feasmmid AL T Mode]

TPiloL: A-DAvS  [BCo-Pilol g shysmy  [Route:r  NAvewwr ..
HDale: T 7T 17 Alpoit of De parture {Alrpart, City/Province): 12 Alport of Arrival (Airport, City/Province):
Now. §, 20l Lavrppipgh? | WMeVmbiBeAr S "
13 Engine On: 14 Engins OfF 15 Tatal Engine Time; 16 Take off: 17 landing: 18 Total Flight Time:
g sl & 0 ey 1 N 7‘!‘[’!‘1
19 Wealher FAIR _ e e R R S S R nie -
UVFlighn Classification 21 Remarks
M0a Gillable 201 Hou Billahle 20.c Others SUCLRTUL  FLAGHT,  covgpely  WPPEE puLanGl
@ Acquisition Flight v Alrarett Test Fhight O |iDARSystem Maintznance Flood i Iy
O Feny Hight o AAL Admin Flight O Alrcraft Malntenance
G Others: o O Phil-1IDAR Admin Actlvities

Flight log Mo L3524F

eppDWI3A . AREP-DOF e S
rearses [3Nission Namer T o] ATypeiVFR___[sAI

9 Route: NALER LA

fiype:CasnnaT20sll o Alcraft dentificatlon: BP-eA1?2. .

Pilot-in C: LIDAR Opearator Alreraft Mechanic/ LIDAR Technician

Faﬂﬂjm

Signature over Printed Name

—_—

Signature over Printed Name

AR DAY

Signature over Printed }&an;e

IAF ftepresentative]

Figure A-6.12 Flight Log for Mission 23524P
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13. Flight Log for Mission 23534P

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

Piill-LIDAR 1 Data Acguisitlon Hight Loy

Acqulsition Flight Approvad Ly

Signature over frinted Hame

(End tser Representative)

L1DAR Operatar: TUBSA |2 AL 1N Muidel: goabéos [3 Mission Name:" : AType: VFR |5 Alicrafi Type: CasnnaT20611 |6 Aircraft identification: ®e-cmze
S e o e Ll S Jr ok Sh e B e e
10 Date: 17 eiport of Departure (Alrport, City/F 12 Alrport of Arrival {Airport, City/Province):
Wou: 19 1ok T I R ... o
13 Engine On: fne Of: 15 Tatsl Engine Time: 16 Take offi 17 landing 18 Total Flight Time:
Iz 3y 1o % eH4035 0

19 Weather BN = . O et Lot MG A,
20°Fligh Classification 21 Remarks
20 BGillable 20 Hon Billable 20.¢ Others SueeriSUL  PuenT

& Acquisition Fliglt o Alrcrabt Test Fhght O 1iDARSystem Maintenance

O Ferry Fight & AAL Adimin Flight O Aircraft Maintenance

& System Test Flight o AR o & Phil-LIDAR Adrmin Activities

w  Calibration Flight oA T g il g Sl T e o S P T E med SE e, y AREN DR A e
22 Problems and Solutions

@ Weather Pioblem

© Systern Problem

) Adrcraft Problem

W Pilot Froblem

€ Chers: ..o e

Elight 1 og Hlo.: 2?334?7

Pliot-in- Alrcraft Rachanic/ LIDAR Techaician

ATEROAD

Signature over Printed Hame

U?ﬁiﬁeﬁlm .

Signature aver Printed Name

Signature over Printed Name

Figure A-6.13 Flight Log for Mission 23534P
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LIDAR Surveys and Flood Mapping of Manupali River

14. Flight Log for Mission 23536P

JPIlul
1 D Le:

A. DAYO

_ Wov g, 200
13 Engine On:
s 03 49
1 Weather

20°Flight Classification
20.a Lillable

o

Acquisition Flight
Feriy Fight

Systarn Test Flight
o Calibration Flight

L]

22 Problems and Soluticns

Wealher Pioblen
Systern Prublem
Adrcraft problem
Pllot Problem
Others: _

s}
(]

Q

Acquisitian Flight Approved by

n

Sig:lemrc uder Prmn:d Hame
(End User Representative]

pill ADART Data A,cfjulalllmi Hight Loy
6 -

u:[mnoju_rduu . PRUSMING

|

2 RN DER VR

2 41 1 moder: Peangos N iTypeiveR JE&gHﬁT&E‘EEE‘iﬂ 20811
4 Lo Pllul €. uﬁibﬁ waEe L L e s

12 pirport of Dapur[\ll'“ (irport, Cty,‘?rnvlnce! 12 Alrport of Arrival (Alrport, City/Province):

L AGUINDINGAN o hINDIN gAY
14 Engine Otk 15 Total Eﬂglne  Time: 16 Take off: 17 landing:
B n Bl e N O 0 A LR TS T
Sl 21 Remarks
20 b ron Billable 20.c Others SUWESSFUL  TUGHT

O LIDARSystem Maintenance
O Aircraft Maintenance
O Phil-LIDAR Admin Activities

Atrcrafi Test Flight
AAC Adinin Flight

Others:

(&)
(]

(@)

LIDAR Operator

Wl

Signature over Printed Name

Pilot-in;

; et7e

Signature aver Printed Nar.t)\a

PAF Hepreseatative)

48 Tatal Flight
o peteie |

Aircraft Machanic/ HDAR Technician

Signature over Printed Name

Figure A-6.14 Flight Log for Mission 23536P
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

15. Flight Log for Mission 23540P

Flight 1og Mo 235497

PHL-HIDAR 1 Data Acgoisitlon Hight Loy \ED. g~ gt - il s W e i P e R
LLDAR Gparator: . guesh] |2 ALTM Blodel: Peoas [3 Misslon Name: ™ SUA[ aTypeiVFR 5 Alrcra fUType : CesnneT208i 6 Aircraft Identification: ge- o2 |
TPilul: A DAYO [ co-pitor. € sAvSAY VAveruA . n. e A el e i 20
10 Da te: T Tz Alpoit of Departure (Airpor, Gity/Provinee): 12 Airport of Arrival {&frport, City/Province):
Nov. 12, 2ol CpGotdomeny o CHQURDINEAR L e s bl
1 Engine On: 14 Engine OH: 15 Total Engine Time: 16 Take off: 17 Landing: ]15 Total Fllght Time:
o 19 " 30 (i 1) L) o ANEC L TSI 5, L1 BRNO s
19 Weather PAR I it PO LT T pd L T O M T e 1o R T Wi IS T = S, R e
20 Fligh Classification 21 Remarks
20.a Billable 20 1 Hon Blllzble 20.c Others L
J Sucteterun PueHhT | S\ﬂ‘“tjlﬁ‘ tjﬁ‘?g
W Acquisition Flight G Advaralt Test Flight O liDAR System paintenance 4 Ll
SO Feny Aight G AAL Adimin Flight O Aircraft Maintenance Datar O¥NT
& Systern Test Flight o OheE e O Phil-LIDAR Admin Activities
w  Calibration Flight d ik oy RS St 5 S e B, St L L liadiine. Sy sl Ut Sl
12 Problems and Solutions
3 Wealher Piablem
@ System Prablem
€3 Adrcraft Problem
W Pllot Problen
€ Others .. s
e = - SO = T =S PP et ol e s
Pilot-in-Co LiDAR Operator Alrcraft hachanic/ LIDAR Technlcian

,-'l.,.\
ANRRLPAYS _E_l_\&?--_&t_ ik &N S

Signature over Printed Name Slgnature over Printed Name Signature over Printed Nane
E4 -

Acquisition Flight Approvad by

Slgna[urt’uuen"rlnleu Hame
(End Lser Reprasentatlve)

Figure A-6.15 Flight Log for Mission 23540P
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LIDAR Surveys and Flood Mapping of Manupali River

16. Flight Log for Mission 23544P

PHIL-LIDAR 1 Data Acquisiton Hight Log 235449
LIIDAR Opecator: ®. peusmin® ]1 ALTM Mudel: peaacrs |3 Missio Al g2
1Pilot: A ohyg |8 co-pilot: & csashy .. 13 Rou VAL SRR S sl e B S
10 Date: T U7 alport of Departure (Alrpart, City/Province): 12 Alrport of Arrival (Airport, City/Province):
Mo v, 20 BT AR A L e Tl R DI AL
13 Engine On: 14 Englnge OfF 15 Total Engine Time: 16 Take off 17 landing:
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Figure A-6.16 Flight Log for Mission 23544P
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17. Flight Log for Mission 23546P

Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)
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Figure A-6.17 Flight Log for Mission 23546P
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18. Flight Log for Mission 23548P

PHIL-LIDAR 1 Data Acgaisiton Hight Log
LLIDAR Operator: P, 4U8AY
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13 Ellgillﬂ -Un: 14 Engiiis
og (4 ’
19 Weather LLoud

20 b Moo Blllable

Flight log o ).7)'_5"*%_?

K] ype:VER |5 AiraraftType: GesnnaT2061]_[6 Alreraft ldendification: RP” 041 %2,

E.SANSAY o

_ LA INDIN Gan

LA GUINDI NG i
; 16 Take off:

15 Total Engine Time:
i L L

i 17 landing:

n 4g

21 Remarks

20.c Others

(=)
(=]
o]

SucLess P  PUBH T
LIDAR System pMaintenance
Aircraft Maintenance
Phil-LIDAR Admin Activities

Aldrcratt Test Flight
AAC Admin Flighit

Othets:

Pilat-in-Col LiDAR Dperator Algeraft Machianic/ HIDAR Technician
AN oA | Mt

Signah:r:u;r printed Hame Signature over Printed Name Signature over Printed Naine

PAF Representative)]

Figure A-6.18 Flight Log for Mission 23548P
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ANNEX 7. Flight Status Reports

NORTHERN MINDANAO

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

(May 27 - July 10, 2014 and October 23 — November 14, 2016)
Table A-7.1 Flight Status Report

Flight
No

1517pP

1569P

1597pP

1629P

1693P

23486P

23488P

23492pP

23516P

23518P

23520P

23524p

Area

RX BLK D,E

RX BLK E

RX BLK D,E

RX BLK E

RX BLK ES

MANOLO
FORTICH
BKN S2

MANOLO
FORTICH
BKN S1

BKN E

VALENCIA
BNK F

VALENCIA
BNK F

VALENCIA
BKN F

VALENCIA
BKN D

Mission

1RXE147A

1BLKRXE160A

1BLKRXE167A

1BLKRXES175A

1RXES191A

1BKND297A

1BKNDE298A

1BKNDE299A

1BKNF311A

1BKNF311B

1BKNF312A

1BKND313A

Operator

|. Roxas

G.Sinadjan

G.Sinadjan

G.Sinadjan

J. Alviar

J Alviar

K. Quisado

K Quisado

FN llejay

PJ Arceo RA
Felismino

FN llejay

PJ Arceo RA
Felismino
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Date Flown

May 27, 2014

June 9, 2014

June 16, 2014

June 24, 2014

July 10, 2014

October 23,2014

October 24,2014

October 25,2014

November6,2016

November6,2016

November7,2016

November8,2016

Remarks

Surveyed half of RX
D and half of RX E at
800m, 1000m then
900m; cam stylus
malfunctioned

Mission successful; gaps
due to high terrain;
camera assertion failed

Mission successful; filled
gapsin RXE

Mission successful at
1400 AGL

Filled in gaps in RX E

Surveyed Manolo
Fortich at 1300m
MSL; heavy build up
and precipitation in
bukidnon

Closed visual over
target areas; surveyed
Tagoloan watershed
in Manolo Fortich at
1700m MSL

Surveyed BKN E at
1500m MSL

Surveyed Manupali-
Manupali floodplain
with voids due to build
up and strong winds

Surveyed only 4
lines over Manupali-
Manupali floodplain due
to time constraint

Surveyed gaps over
Manupali-Manupali
floodplain

Surveyed Manupali-
Manupali-Manupali
floodplain
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23534P

23536P

23540P

23544pP

23546P

23548P

VALENCIA
BNK G

VALENCIA
BKN E

VALENCIA
BKN E

VALENCIA
BKN E
VALENCIA
BKN G

VALENCIA
BKN E,F

1BKNGS315A

1BKNE317A

1BKNE317A

1BKNE318A

1BKNG318B

1BKNEF319A

FN llejay

PJ Arceo, RA
Felismino

FN llejay

RA Felismino

FN llejay

FN llejay
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November 10,
2016

November
11,2016

November 12,
2016

November 13,
2016

November 13,
2016

November 14,
2016

Surveyed Manupali-
Manupali floodplain
with voids due to build
up and strong winds

Surveyed gaps over
Manupali-Manupali
floodplain

Surveyed gaps over
Manupali-Manupali
floodplain

Completed BKN E over
Valencia

COMPLETED BKN G
OVER VALENCIA

Fill up gaps and voids
over Malaybalay and
Valencia
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LAS BOUNDARIES PER FLIGHT
Flight No. : 1517pP
Area: RX D, RXE
Mission Name: 1RXE147A
Parameters:
Altitude: 900m;
Scan Frequency: 30Hz;
Scan Angle: 25deg;
Overlap: 30%

180 km

Figure A-7.1 Swath for Flight No. 1517P
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Flight No. : 1569P

Area: RX D
Mission Name: 1BLKRXE160A
Parameters:

Altitude: 1000 m;

Scan Frequency: 30Hz;
Scan Angle: 25deg;
Overlap: 30%

[ |
Cl_iagonglong
]

f

/

A

#“Vi'll'a nueya

\
B ik i
'\____ _'15.'!3 [

( e

Figure A-7.2 Swath for Flight No. 1569P
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Flight No. : 1597pP
Area: RX D, RXE
Mission Name: 1BLKRXE167A
Parameters:
Altitude: 800m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

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

Figure A-7.3 Swath for Flight No. 1597P
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Flight No. : 1629P

Area: RX E

Mission Name: 1BLKRXE175A

Parameters:
Altitude: 1400m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

r

W

Cagayan‘de Oro

M anelojEentich

Figure A-7.4 Swath for Flight No. 1629P
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Flight No. : 1693P

Area: RX ES
Mission Name: 1RXES191A
Parameters:

Altitude: 1200m;

Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Image Land=at
2074 Google

12.0 km Data 510, NOAA, U.S Navy NGA. GEBCO

| TR T Ve |

e - i
Qo T | A" B 1 40

Figure A-7.5 Swath for Flight No. 1693P
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Flight No. : 23486P

Area: BKN S2

Mission Name: 1BKND297A

Parameters:
Altitude: 1300m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

BENC ©

;;fhﬁ'élgaybalay

O ] 5]

J1km
AT AR | A 5 ¢4

Figure A-7.6 Swath for Flight No. 23486P
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Flight No. : 23488P

Area: BKN S1

Mission Name: 1BKNDE298A

Parameters:
Altitude: 1700m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

EMalaybalay

a1 km
| | | | |

Figure A-7.7 Swath for Flight No. 23488P
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Flight No. : 23492pP

Area: BKN E

Mission Name: 1BKNDE299A

Parameters:
Altitude: 1500m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

30 km

Figure A-7.8 Swath for Flight No. 23492P
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Flight No. : 23516P
Area: VALENCIA BKN F
Mission Name: 1BKNF311A
Parameters:
Altitude: 1000m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Malaybalay City

Mindanao
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Flight No. : 23518P

Area: BKN F

Mission Name: 1BKNF311B

Parameters:
Altitude: 1000m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Malaybalay City

indanao

t
1 af

2
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Flight No. : 23520P

Area: BKN F

Mission Name: 1BKNF312A

Parameters:
Altitude: 1200m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Malaybalay. City

Mindanao
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Flight No. : 23524p

Area: BKN D

Mission Name: 1BKND313A

Parameters:
Altitude: 1200m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Ma\ay_pa’iay City

indanao

t
1 af

2
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Flight No. : 23534P

Area: BKN G

Mission Name: 1BKNG315A

Parameters:
Altitude: 1200m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Malaybalay City

L\‘ﬂrdaﬂan
I a

2
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Flight No. : 23536P

Area: BKN E

Mission Name: 1BKNE316A

Parameters:
Altitude: 1300m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Malaybalay City

indanao

t
1 af

2
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Flight No. : 23540P

Area: BKN E

Mission Name: 1BKNE317A

Parameters:
Altitude: 1300m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Malaybalay,City

Mindanao

Google earth
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Flight No. : 23544p

Area: BKN E

Mission Name: 1BKNE318A

Parameters:
Altitude: 1300m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Malaybalay, City

Mindanao

Google earth
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Flight No. : 23546P

Area: BKN E

Mission Name: 1BKNG318B

Parameters:
Altitude: 1300m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Malaybalay, City

Google earth
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Flight No. : 23548P
Area: BKN E, F
Mission Name: 1BKNEF319A
Parameters:
Altitude: 1300m;
Scan Frequency: 30Hz;
Scan Angle: 25 deg;
Overlap: 30%

Malaybalay, City

A.
BN
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Mindanao

Google earth
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ANNEX 8. Mission Summary Reports
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ANNEX 9. Manupali Model Basin Parameters

Table A-9.1 Manupali Model Basin Parameters

SCS Curve Number Loss Hy dro;:r!:::\ l':':ai;sform Recession Baseflow
sasin Initial Time of
Number Abstraction Nil;:‘tl)eer Imp((e;’\;ious Concentration Coefsf-:(c:,i:eangte(HR) Initial Type Initia(ll\lzsi;g)\arge I:;c:;s::: Threshold Type Ratio to Peak
(mm) (HR)

W3490 16.14125 40.455 0 0.19072 5.2722 Discharge 0.007 0.00001 Ratio to Peak = 0.00001
W3500 7.1065 40.455 0 0.4677121 1.8918 Discharge 0.004 0.00001 Ratio to Peak = 0.00001
W2770 16.74125 40.093 0 0.40353 4.1547 Discharge 0.028 0.00001 Ratio to Peak =~ 0.00001
W2750 21.061 75 0 0.91939 6.3174 Discharge 0.042 0.00001 Ratio to Peak =~ 0.00001
W2650 12.098125 76 0 0.20052 5.486 Discharge 0.196 0.2 Ratio to Peak 0.5
W2470 4.876875 83 0 0.0489566 5.9985 Discharge 0.095 0.2 Ratio to Peak =~ 0.00001
W2800 10.483 39.443 0 0.45896 6.0445 Discharge 0.100 0.2 Ratio to Peak =~ 0.00001
W2360 17.23375 36.891 0 0.0676382 7.4468 Discharge 0.253 0.2 Ratio to Peak =~ 0.00001
W2780 13.255 40.455 0 0.59764 5.0332 Discharge 0.097 0.00001 Ratio to Peak =~ 0.00001
W2590 15.86625 39.347 0 0.3545 5.1428 Discharge 0.172 0.00001 Ratio to Peak =~ 0.00001
W2540 25.865 34.48 0 0.19987 4.115 Discharge 0.137 0.00001 Ratio to Peak =~ 0.00001
W2440 34.38125 34.535 0 0.2963 3.5601 Discharge 0.071 0.00001 Ratio to Peak = 0.00001
W2760 34.646 40.11 0 0.35419 3.2821 Discharge 0.065 0.00001 Ratio to Peak 0.00001
W2730 48.4 38.852 0 0.431 5.3404 Discharge 0.154 0.00001 Ratio to Peak 0.00001
W2720 94.98 39.254 0 0.1901 3.7066 Discharge 0.132 0.00001 Ratio to Peak = 0.00001
W2390 64.57875 35.073 0 0.0180215 4.9992 Discharge 0.127 0.00001 Ratio to Peak = 0.00001
W2710  130.6221855  37.051 0 0.52712 3.6147 Discharge 0.112 0.00001 Ratio to Peak = 0.00001
W2640 75.35125 38.012 0 0.16072 3.3347 Discharge 0.157 0.00001 Ratio to Peak = 0.00001
W2580 47.59625 40.455 0 0.59606 1.808 Discharge 0.012 0.00001 Ratio to Peak = 0.00001
W2550 17.99625 38.536 0 0.21267 3.54 Discharge 0.069 0.00001 Ratio to Peak = 0.00001
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W2530 78.4275 36.403 0 0.0798007 2.3725 Discharge 0.055 0.0001 Ratio to Peak ~ 0.00001
W2340 22.45375 35.946 0 0.10487 4.0619 Discharge 0.209 0.0001 Ratio to Peak ~ 0.00001
W2560 72.524 36.028 0 0.12004 3.6599 Discharge 0.194 0.0001 Ratio to Peak ~ 0.00001
W2500 22.60625 40.455 0 0.0582673 0.77056 Discharge 0.002 0.0001 Ratio to Peak ~ 0.00001
W2490 20.13 37.864 0 0.13219 3.1522196 Discharge 0.089 0.0001 Ratio to Peak ~ 0.00001
W2420 30.4475 35.525 0 0.0481973 3.7916 Discharge 0.103 0.0001 Ratio to Peak ~ 0.00001
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ANNEX 10. Manupali Model Reach Parameters

Reach
Number

R980
R1010
R810
R690
R830
R930
R960
R970
R1020
R1110
R1000
R3510
R1090

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

Table A-10.1 Manupali Model Reach Parameters

Muskingum Cunge Channel Routing

Length (m) Slope Manning's n
2826.3 0.0046885 0.46
10859 0.0360771 0.46
1676.8 0.0467289 0.42
874.6 0.0387764 0.4
3359.5 0.0372368 0.4
5059.4 0.0197589 0.4
6522.7 0.0182329 0.6
6243.1 0.0177787 0.7
5953.7 0.0175149 0.7
10702 0.0156574 0.001
4726.5 0.0041291 0.001
1237.2 0.0026627 0.0001
32914 0.0019054 0.0001
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Shape
Trapezoid
Trapezoid
Trapezoid
Trapezoid
Trapezoid
Trapezoid
Trapezoid
Trapezoid
Trapezoid
Trapezoid
Trapezoid
Trapezoid

Trapezoid

Width
60.8
60.8
60.8
60.8
60.8
60.8
60.8
60.8
60.8
60.8
60.8
60.8
60.8

Side Slope
1

= N

L e O = W =N Y S
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ANNEX 11. Manupali Field Validation Points

Table A-11.1 Manupali Field Validation Points

N::::"er Validation Coordinates \IIVIo del Va!i dation - Coant R;?::n/
Lat Long ar (m) Points (m) Scenario
1 8.11910 125.14531 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
2 8.11722 125.14577 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
3 8.12302 125.14084 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
4 8.12510 125.13943 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
5 8.12740 125.13881 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
6 8.13035 125.13678 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
7 8.13090 125.13519 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
8 8.13319 125.13446 0.23 0.00 -0.23 Pablo/4Dec2012 5YR
9 8.13437 125.13259 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
10 8.13739 125.13276 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
11 8.13914 125.13172 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
12 8.14126 125.13241 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
13 8.13748 125.12915 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
14 8.13560 125.12939 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
15 8.13131 125.13211 0.10 0.00 -0.10 Pablo/4Dec2012 5YR
16 8.12689 125.12446 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
17 8.11489 125.13581 0.08 0.00 -0.08 Pablo/4Dec2012 5YR
18 8.10075 125.14046 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
19 8.09839 125.14884 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
20 8.10009 125.15165 0.10 0.00 -0.10 Pablo/4Dec2012 5YR
21 8.10318 125.15587 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
22 8.10182 125.16125 6.72 0.00 -6.72 Pablo/4Dec2012 5YR
23 8.10478 125.16039 4.50 0.00 -4.50 Pablo/4Dec2012 5YR
24 8.10193 125.15997 6.53 0.00 -6.53 Pablo/4Dec2012 5YR
25 8.09804 125.16442 12.05 0.30 -11.75  Pablo/4Dec2012 5YR
26 8.09711 125.16862 2.82 0.78 -2.04 Pablo/4Dec2012 5YR
27 8.09681 125.17267 0.10 0.00 -0.10 Pablo/4Dec2012 5YR
28 8.09448 125.17560 1.48 0.80 -0.68 Pablo/4Dec2012 5YR
29 8.09497 125.17931 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
30 8.07839 125.14722 0.10 0.00 -0.10 Pablo/4Dec2012 5YR
31 8.08218 125.14704 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
32 8.07978 125.16353 4.74 0.00 -4.74 Pablo/4Dec2012 5YR
33 8.07838 125.16082 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
34 8.08481 125.14996 0.08 0.00 -0.08 Pablo/4Dec2012 5YR
35 8.03645 125.13822 0.08 0.00 -0.08 Pablo/4Dec2012 5YR
36 8.02659 125.13947 0.10 0.00 -0.10 Pablo/4Dec2012 5YR
37 8.02327 125.13928 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
38 8.02040 125.14146 0.09 0.00 -0.09 Pablo/4Dec2012 5YR
39 8.01833 125.14197 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
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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

8.01795
8.03065
7.99650
7.99528
7.99719
7.99126
7.98980
7.98838
7.98625
7.98136
7.98018
7.97815
7.97404
7.97057
7.97309
7.97843
8.06459
8.06555
8.06092
8.05853
8.06132
8.06265
8.06410
8.06134
8.06077
8.05855
8.05776
8.05728
8.05782
8.05577
8.05218
8.05065
8.05001
8.04957
8.05116
8.05398
8.05207
8.04899
8.04692
8.04548
8.03973
8.04359

Long

125.14304
125.14343
125.15581
125.14968
125.14723
125.14976
125.15284
125.15510
125.15622
125.14365
125.14217
125.14064
125.13961
125.13696
125.11676
125.12517
125.16093
125.16147
125.17001
125.17349
125.16734
125.16697
125.16748
125.16413
125.16027
125.16120
125.16339
125.16123
125.15857
125.15981
125.16236
125.16176
125.16353
125.16531
125.16782
125.16925
125.16554
125.16901
125.17067
125.17190
125.16919
125.16815

Model Validation
Var (m) Points (m)
0.06 0.00
0.06 0.00
0.06 0.00
0.68 0.00
0.89 0.00
0.90 0.00
0.08 0.00
0.08 0.00
0.31 0.00
0.06 0.00
0.06 0.00
0.06 0.00
0.08 0.00
0.06 0.00
0.06 0.00
0.06 0.00
6.03 0.00
4.50 0.00
1.13 0.00
0.37 0.20
0.06 0.00
0.06 0.00
0.09 0.00
0.18 0.20
1.10 0.00
0.06 0.00
1.49 0.40
0.06 0.00
0.06 0.00
0.06 0.00
0.09 0.00
0.09 0.00
0.08 0.00
0.10 0.00
1.45 0.00
0.38 0.00
9.15 0.15
1.33 0.20
1.19 0.30
0.06 0.00
0.26 0.00
2.30 0.20
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Error

-0.06
-0.06
-0.06
-0.68
-0.89
-0.90
-0.08
-0.08
-0.31
-0.06
-0.06
-0.06
-0.08
-0.06
-0.06
-0.06
-6.03
-4.50
-1.13
-0.17
-0.06
-0.06
-0.09
0.02
-1.10
-0.06
-1.09
-0.06
-0.06
-0.06
-0.09
-0.09
-0.08
-0.10
-1.45
-0.38
-9.00
-1.13
-0.89
-0.06
-0.26
-2.10

Event

Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012

Rain
Return/
Scenario

5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR



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

sz:::r Validation Coordinates Model Va!i dation i Coant R:t:::?n/
Lat Long Var (m) Points (m) Scenario
82 8.04239 125.16710 5.01 0.40 -4.61 Pablo/4Dec2012 5YR
83 8.04746 125.16826 2.43 0.15 -2.28 Pablo/4Dec2012 5YR
84 8.04123 125.16186 2.82 0.70 -2.12 Pablo/4Dec2012 5YR
85 8.03946 125.15835 3.31 0.40 -2.91 Pablo/4Dec2012 5YR
86 8.04065 125.16358 3.52 0.00 -3.52 Pablo/4Dec2012 5YR
87 8.04640 125.16200 0.42 0.00 -0.42 Pablo/4Dec2012 5YR
88 8.04716 125.16484 0.10 0.10 0.00 Pablo/4Dec2012 5YR
89 8.04475 125.15785 0.10 0.00 -0.10 Pablo/4Dec2012 5YR
90 8.03956 125.15366 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
91 8.03639 125.15612 4.11 0.60 -3.51 Pablo/4Dec2012 5YR
92 8.03788 125.15645 5.79 0.10 -5.69 Pablo/4Dec2012 5YR
93 8.03708 125.16221 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
94 8.03793 125.16407 0.19 0.00 -0.19 Pablo/4Dec2012 5YR
95 8.03936 125.16648 0.55 0.00 -0.55 Pablo/4Dec2012 5YR
96 8.03181 125.16753 0.63 0.00 -0.63 Pablo/4Dec2012 5YR
97 8.03557 125.15395 0.74 0.00 -0.74 Pablo/4Dec2012 5YR
98 8.03406 125.14994 2.54 0.80 -1.74 Pablo/4Dec2012 5YR
99 8.03105 125.14989 3.00 0.80 -2.20 Pablo/4Dec2012 5YR
100 8.02995 125.14937 1.75 0.10 -1.65 Pablo/4Dec2012 5YR
101 8.02668 125.14816 1.19 0.00 -1.19 Pablo/4Dec2012 5YR
102 8.02300 125.14802 2.26 0.00 -2.26 Pablo/4Dec2012 5YR
103 8.02125 125.14812 3.17 0.10 -3.07 Pablo/4Dec2012 5YR
104 8.03125 125.15454 0.09 0.00 -0.09 Pablo/4Dec2012 5YR
105 8.02699 125.15628 1.35 0.00 -1.35 Pablo/4Dec2012 5YR
106 8.02527 125.15412 1.78 0.10 -1.68 Pablo/4Dec2012 5YR
107 8.02517 125.15372 1.78 0.20 -1.58 Pablo/4Dec2012 5YR
108 8.02689 125.15657 0.81 0.10 -0.71 Pablo/4Dec2012 5YR
109 8.02570 125.15757 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
110 8.01648 125.14895 0.63 0.15 -0.48 Pablo/4Dec2012 5YR
111 8.01515 125.14595 1.02 0.60 -0.42 Pablo/4Dec2012 5YR
112 8.01591 125.14540 1.16 0.80 -0.36 Pablo/4Dec2012 5YR
113 8.01387 125.14555 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
114 8.01250 125.14459 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
115 8.00819 125.14260 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
116 8.00702 125.14186 0.06 0.10 0.04 Pablo/4Dec2012 5YR
117 8.00252 125.14074 1.79 0.10 -1.69 Pablo/4Dec2012 5YR
118 8.00567 125.14499 0.10 0.00 -0.10 Pablo/4Dec2012 5YR
119 8.00427 125.14496 0.38 0.00 -0.38 Pablo/4Dec2012 5YR
120 8.00483 125.15544 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
121 8.01515 125.15725 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
122 7.99258 125.12672 2.25 0.80 -1.45 Pablo/4Dec2012 5YR
123 7.99308 125.12504 0.47 0.40 -0.07 Pablo/4Dec2012 5YR
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LIDAR Surveys and Flood Mapping of Manupali River

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

7.99294
7.99421
7.99581
7.99590
7.99557
7.99418
7.99558
7.99586
8.01231
8.00498
8.00311
8.00090
7.99677
7.99687
8.00485
7.99875
7.99578
7.99643
7.99252
7.99201
7.99292
7.99135
7.98912
7.98544
7.98383
7.96449
7.96247
7.96688
7.97043
7.98372
7.98643
7.98416
7.98734
7.98799
7.98777
7.98730
7.98744
7.98785
7.98882
7.98856
7.98974
7.99427

Long

125.12406
125.12166
125.12059
125.11872
125.11600
125.11554
125.11392
125.11067
125.13431
125.13331
125.13001
125.12741
125.12931
125.12585
125.12197
125.13212
125.13598
125.13770
125.13393
125.13215
125.13200
125.13454
125.13417
125.13453
125.13382
125.13688
125.13878
125.14028
125.14114
125.13671
125.14190
125.14119
125.13901
125.13904
125.13914
125.14025
125.14081
125.14010
125.13994
125.13893
125.13871
125.13838

Model Validation
Var (m) Points (m)
0.72 0.10
1.64 0.96
0.10 0.00
0.45 0.00
0.09 0.00
0.59 0.00
0.06 0.00
0.10 0.00
1.03 0.60
0.06 0.00
0.06 0.00
0.09 0.17
2.49 1.24
1.90 0.40
5.76 0.20
0.10 0.10
2.25 0.00
0.93 0.00
2.30 0.40
1.56 0.60
1.55 0.60
3.64 2.14
1.04 1.20
0.06 0.00
1.16 0.00
0.10 0.00
2.92 0.70
0.06 0.00
0.73 0.60
0.18 0.00
3.64 1.60
0.06 0.00
0.10 0.00
0.08 0.00
0.06 0.20
0.06 1.60
0.06 0.00
0.06 0.00
0.06 0.00
0.10 0.00
0.06 0.00
1.59 0.00
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Error

-0.62
-0.68
-0.10
-0.45
-0.09
-0.59
-0.06
-0.10
-0.43
-0.06
-0.06
0.08
-1.25
-1.50
-5.56
0.00
-2.25
-0.93
-1.90
-0.96
-0.95
-1.50
0.16
-0.06
-1.16
-0.10
-2.22
-0.06
-0.13
-0.18
-2.04
-0.06
-0.10
-0.08
0.14
1.54
-0.06
-0.06
-0.06
-0.10
-0.06
-1.59

Event

Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012

Rain
Return/
Scenario

5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR



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

sz:::r Validation Coordinates Model Va!i dation i Coant R:t:::?n/
Lat Long Var (m) Points (m) Scenario
166 7.99361 125.13824 1.38 0.00 -1.38 Pablo/4Dec2012 5YR
167 7.99089 125.13784 0.52 0.00 -0.52 Pablo/4Dec2012 5YR
168 7.99070 125.13777 0.38 0.00 -0.38 Pablo/4Dec2012 5YR
169 7.99272 125.13776 1.17 0.00 -1.17 Pablo/4Dec2012 5YR
170 7.99149 125.13666 1.12 0.00 -1.12 Pablo/4Dec2012 5YR
171 7.99229 125.13537 1.65 0.00 -1.65 Pablo/4Dec2012 5YR
172 7.99301 125.13614 1.88 0.00 -1.88 Pablo/4Dec2012 5YR
173 7.99307 125.13721 1.79 0.00 -1.79 Pablo/4Dec2012 5YR
174 7.99358 125.13397 1.34 0.00 -1.34 Pablo/4Dec2012 5YR
175 7.99549 125.13279 2.76 0.00 -2.76 Pablo/4Dec2012 5YR
176 7.99429 125.13361 1.28 0.70 -0.58 Pablo/4Dec2012 5YR
177 7.98243 125.07909 3.54 0.00 -3.54 Pablo/4Dec2012 5YR
178 7.98262 125.07904 0.08 1.20 1.12 Pablo/4Dec2012 5YR
179 7.98315 125.08058 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
180 7.98351 125.08204 0.08 0.00 -0.08 Pablo/4Dec2012 5YR
181 7.98518 125.08515 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
182 7.98514 125.08594 0.10 0.10 0.00 Pablo/4Dec2012 5YR
183 7.98639 125.08502 0.65 0.14 -0.51 Pablo/4Dec2012 5YR
184 7.98771 125.08479 0.10 0.15 0.05 Pablo/4Dec2012 5YR
185 7.97813 125.05257 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
186 7.89410 125.07421 0.10 0.00 -0.10 Pablo/4Dec2012 5YR
187 7.99016 125.10144 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
188 7.99107 125.10119 1.96 0.00 -1.96 Pablo/4Dec2012 5YR
189 7.99135 125.10132 1.83 0.00 -1.83 Pablo/4Dec2012 5YR
190 7.99045 125.10335 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
191 7.99264 125.10537 3.02 0.00 -3.02 Pablo/4Dec2012 5YR
192 7.99107 125.10503 1.16 0.00 -1.16 Pablo/4Dec2012 5YR
193 7.99049 125.10595 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
194 7.99012 125.10722 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
195 7.99006 125.10900 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
196 7.98922 125.11728 0.09 0.00 -0.09 Pablo/4Dec2012 5YR
197 7.99282 125.11523 1.78 0.00 -1.78 Pablo/4Dec2012 5YR
198 7.99010 125.12104 0.39 0.00 -0.39 Pablo/4Dec2012 5YR
199 7.99219 125.12092 0.13 0.00 -0.13 Pablo/4Dec2012 5YR
200 7.99215 125.12229 1.62 0.00 -1.62 Pablo/4Dec2012 5YR
201 7.99208 125.12299 2.33 0.00 -2.33 Pablo/4Dec2012 5YR
202 7.98781 125.12911 1.05 0.00 -1.05 Pablo/4Dec2012 5YR
203 7.98893 125.13548 7.32 0.00 -7.32 Pablo/4Dec2012 5YR
204 7.99056 125.12930 2.76 0.10 -2.66 Pablo/4Dec2012 5YR
205 7.99028 125.12858 2.51 0.10 -2.41 Pablo/4Dec2012 5YR
206 7.99079 125.12677 0.98 0.00 -0.98 Pablo/4Dec2012 5YR
207 7.98736 125.06920 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
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LIDAR Surveys and Flood Mapping of Manupali River

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

7.99132
7.99132
7.98691
7.98669
7.98668
7.98677
7.98730
7.98769
7.98646
7.98547
7.87500
7.87577
7.87584
7.87586
7.87784
7.87817
7.88078
7.88459
7.88499
7.88922
7.89267
7.90059
7.90086
7.90084
7.93285
7.93204
7.92029
7.89537
7.89589
7.89853
7.90170
7.90018
7.90643
7.90523
7.90523
7.90431
7.90359
7.90405
7.90314
7.90098
7.90093
7.89833

Long

125.12676
125.12676
125.13239
125.13340
125.13341
125.13480
125.13740
125.13789
125.13727
125.13774
125.19466
125.19654
125.19230
125.19238
125.19069
125.19091
125.18753
125.18764
125.18607
125.18310
125.17876
125.13093
125.12312
125.12313
125.10162
125.09364
125.09243
125.17766
125.17616
125.17667
125.17512
125.18051
125.17934
125.17504
125.16772
125.16518
125.16083
125.16003
125.15760
125.15694
125.15725
125.14976

Model
Var (m)

3.06
3.06
1.63
0.38
0.38
0.38
2.26
2.59
0.06
0.06
0.93
5.89
2.12
2.62
3.63
5.39
1.19
1.70
241
2.04
0.68
0.39
0.13
0.15
0.06
0.26
0.19
0.23
0.10
1.17
0.06
0.21
0.38
0.13
0.23
0.87
0.81
0.06
0.21
0.45
0.72
0.06

182

Validation
Points (m)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.52
0.90
1.00
0.00
0.70
0.00
0.10
0.20
0.50
0.00
0.50
0.20
0.00
0.30
0.00
0.20
2.00
0.80
0.70
1.05
0.80
0.00
0.00
0.00
0.42
0.45
0.70
0.30
0.48
0.40
1.20
0.20

Error

-3.06
-3.06
-1.63
-0.38
-0.38
-0.38
-2.26
-2.59
-0.06
-0.06
-0.41
-4.99
-1.12
-2.62
-2.93
-5.39
-1.09
-1.50
-1.91
-2.04
-0.18
-0.19
-0.13
0.15
-0.06
-0.06
1.81
0.57
0.60
-0.12
0.74
-0.21
-0.38
-0.13
0.19
-0.42
-0.11
0.24
0.27
-0.05
0.48
0.14

Event

Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012

Rain
Return/
Scenario

5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR



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

sz:::r Validation Coordinates Model Va!i dation i Coant R:t:::?n/
Lat Long Var (m) Points (m) Scenario
250 7.90073 125.14791 0.39 0.30 -0.09 Pablo/4Dec2012 5YR
251 7.90071 125.13925 0.06 0.00 -0.06 Pablo/4Dec2012 5YR
252 7.90662 125.15590 0.72 0.00 -0.72 Pablo/4Dec2012 5YR
253 7.90953 125.15612 0.86 0.30 -0.56 Pablo/4Dec2012 5YR
254 7.90978 125.15620 1.53 0.00 -1.53 Pablo/4Dec2012 5YR
255 7.90577 125.16048 0.38 0.55 0.17 Pablo/4Dec2012 5YR
256 7.90590 125.16044 0.31 0.00 -0.31 Pablo/4Dec2012 5YR
257 7.90891 125.16487 0.08 0.80 0.72 Pablo/4Dec2012 5YR
258 7.91271 125.17042 0.52 0.40 -0.12 Pablo/4Dec2012 5YR
259 7.91750 125.17247 0.16 0.16 0.00 Pablo/4Dec2012 5YR
260 7.91454 125.17368 0.52 0.00 -0.52 Pablo/4Dec2012 5YR
261 7.91528 125.17915 0.45 0.00 -0.45 Pablo/4Dec2012 5YR
262 7.91510 125.18481 0.97 0.00 -0.97 Pablo/4Dec2012 5YR
263 7.91557 125.18819 2.40 0.00 -2.40 Pablo/4Dec2012 5YR
264 7.91373 125.18992 0.40 0 -0.40 Pablo/4Dec2012 5YR
265 7.91645 125.19196 2.95 0.4 -2.55 Pablo/4Dec2012 5YR
266 7.91633 125.19207 2.47 1 -1.47 Pablo/4Dec2012 5YR
267 7.91724 125.19469 1.81 0.1 -1.71 Pablo/4Dec2012 5YR
268 7.94716 125.10493 0.08 0 -0.08 Pablo/4Dec2012 5YR
269 7.92931 125.09663 0.06 0 -0.06 Pablo/4Dec2012 5YR
270 7.92010 125.09236 0.10 0 -0.10 Pablo/4Dec2012 5YR
271 7.94416 125.10332 0.87 11 0.23 Pablo/4Dec2012 5YR
272 7.94398 125.10301 4.72 0.2 -4.52 Pablo/4Dec2012 5YR
273 7.94399 125.10292 4.80 15 -3.30 Pablo/4Dec2012 5YR
274 7.94909 125.10347 3.01 0.5 -2.51 Pablo/4Dec2012 5YR
275 7.94785 125.10430 2.48 1.2 -1.28 Pablo/4Dec2012 5YR
276 7.94193 125.10748 1.79 0.9 -0.89 Pablo/4Dec2012 5YR
277 7.94054 125.10749 1.38 0.45 -0.93 Pablo/4Dec2012 5YR
278 7.93916 125.10800 2.34 0.4 -1.94 Pablo/4Dec2012 5YR
279 7.93787 125.10852 1.04 0.3 -0.74 Pablo/4Dec2012 5YR
280 7.93759 125.10868 0.93 0.1 -0.83 Pablo/4Dec2012 5YR
281 7.93256 125.11006 1.07 0.3 -0.77 Pablo/4Dec2012 5YR
282 7.97220 125.23444 1.43 0.5 -0.93 Pablo/4Dec2012 5YR
283 7.95867 125.22288 0.10 0.25 0.15 Pablo/4Dec2012 5YR
284 7.94374 125.15541 3.23 0.8 -2.43 Pablo/4Dec2012 5YR
285 7.94065 125.15563 0.58 0 -0.58 Pablo/4Dec2012 5YR
286 7.96357 125.18858 1.38 0.2 -1.18 Pablo/4Dec2012 5YR
287 7.96468 125.19249 2.29 11 -1.19 Pablo/4Dec2012 5YR
288 7.89993 125.10539 0.22 1.6 1.38 Pablo/4Dec2012 5YR
289 7.90787 125.09480 0.41 0 -0.41 Pablo/4Dec2012 5YR
290 7.91003 125.09760 0.21 1.5 1.29 Pablo/4Dec2012 5YR
291 7.91004 125.09765 0.29 2.5 2.21 Pablo/4Dec2012 5YR
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LIDAR Surveys and Flood Mapping of Manupali River

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

7.90783
7.91123
7.91231
7.91308
7.91307
7.91338
7.91427
7.91429
7.91525
7.91526
7.91516
7.91357
7.98766
7.98747
7.99001
7.98587
7.99287
7.93698
7.92940
7.92038
7.91989
7.91501
7.91892
7.91906
7.91863
7.91992
7.90050
7.90390
7.90520
7.91155
7.91360
7.93993
7.94253
7.94309
7.94020
7.94029
7.94238
7.94408
7.93382
7.93795
7.93811
7.93856

Long

125.09686
125.09332
125.09548
125.09681
125.09684
125.09642
125.09606
125.09611
125.09529
125.09523
125.09413
125.09396
125.13781
125.13764
125.10896
125.09918
125.13769
125.12522
125.12175
125.12239
125.12042
125.11501
125.11500
125.11493
125.11286
125.10463
125.11138
125.11614
125.11918
125.12609
125.13369
125.16057
125.15861
125.15622
125.15426
125.15412
125.15068
125.14477
125.15864
125.14506
125.13908
125.12827

Model Validation
Var (m) Points (m)
2.86 2.5
1.17 0
0.30 0
0.42 1.9
0.42 0.6
0.06 0
0.39 0
0.32 1
1.35 0.6
1.32 0.3
0.42 0
1.16 0
2.60 0.3
3.09 0.9
0.06 0.3
0.06 0.3
134 0.2
1.13 0.1
1.10 0
0.06 0
0.06 0
0.08 0
0.06 0
0.08 0
0.10 0
0.47 0
0.06 0
0.06 0
0.06 0
0.06 0
0.09 0
0.06 0
4.45 0
2.76 0
0.13 0
0.06 0.2
3.01 0
3.64 0
0.06 0
0.10 0
0.06 0
1.62 0
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Error

-0.36
-1.17
-0.30
1.48
0.18
-0.06
-0.39
0.68
-0.75
-1.02
-0.42
-1.16
-2.30
-2.19
0.24
0.24
-1.14
-1.03
-1.10
-0.06
-0.06
-0.08
-0.06
-0.08
-0.10
-0.47
-0.06
-0.06
-0.06
-0.06
-0.09
-0.06
-4.45
-2.76
-0.13
0.14
-3.01
-3.64
-0.06
-0.10
-0.06
-1.62

Event

Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012

Rain
Return/
Scenario

5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
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sz:::r Validation Coordinates Model Va!i dation i Coant R:t:::?n/
Lat Long Var (m) Points (m) Scenario
334 7.93988 125.11536 0.06 0 -0.06 Pablo/4Dec2012 5YR
335 7.93523 125.11494 1.13 0 -1.13 Pablo/4Dec2012 5YR
336 7.93428 125.11530 2.40 0 -2.40 Pablo/4Dec2012 5YR
337 7.92998 125.11416 0.06 0 -0.06 Pablo/4Dec2012 5YR
338 7.93004 125.11399 1.33 0 -1.33 Pablo/4Dec2012 5YR
339 7.92806 125.11451 1.70 0 -1.70 Pablo/4Dec2012 5YR
340 7.93486 125.10440 0.13 0 -0.13 Pablo/4Dec2012 5YR
341 7.93557 125.10533 0.93 0.25 -0.68 Pablo/4Dec2012 5YR
342 7.93560 125.10533 0.93 0 -0.93 Pablo/4Dec2012 5YR
343 7.96926 125.13745 0.39 0 -0.39 Pablo/4Dec2012 5YR
344 7.98717 125.13413 2.85 0.5 -2.35 Pablo/4Dec2012 5YR
345 7.90476 125.09809 2.12 2.5 0.38 Pablo/4Dec2012 5YR
346 7.90532 125.09986 1.69 2.15 0.46 Pablo/4Dec2012 5YR
347 7.90372 125.10327 0.06 0.9 0.84 Pablo/4Dec2012 5YR
348 7.90092 125.10483 0.16 1.7 1.54 Pablo/4Dec2012 5YR
349 7.89938 125.10635 0.13 1 0.87 Pablo/4Dec2012 5YR
350 7.89962 125.10470 0.42 1.55 1.13 Pablo/4Dec2012 5YR
351 7.90551 125.10738 0.06 0.9 0.84 Pablo/4Dec2012 5YR
352 7.90960 125.10865 0.06 0.4 0.34 Pablo/4Dec2012 5YR
353 7.90974 125.10853 0.06 0.2 0.14 Pablo/4Dec2012 5YR
354 7.90976 125.11195 0.06 0.5 0.44 Pablo/4Dec2012 5YR
355 7.90752 125.11193 0.13 0 -0.13 Pablo/4Dec2012 5YR
356 7.90517 125.11005 0.08 0.9 0.82 Pablo/4Dec2012 5YR
357 7.90513 125.11005 0.08 0.5 0.42 Pablo/4Dec2012 5YR
358 7.90741 125.10406 0.06 0.45 0.39 Pablo/4Dec2012 5YR
359 7.90787 125.10638 0.06 0.7 0.64 Pablo/4Dec2012 5YR
360 7.91071 125.10449 0.97 1.5 0.53 Pablo/4Dec2012 5YR
361 7.91387 125.10375 0.06 1.3 1.24 Pablo/4Dec2012 5YR
362 7.91475 125.10603 0.06 1 0.94 Pablo/4Dec2012 5YR
363 7.91819 125.10105 0.10 1.2 1.10 Pablo/4Dec2012 5YR
364 7.91594 125.09727 0.13 2 1.87 Pablo/4Dec2012 5YR
365 8.04938 125.16784 2.74 0 -2.74 Pablo/4Dec2012 5YR
366 8.04864 125.16915 1.71 0.3 -1.41 Pablo/4Dec2012 5YR
367 8.02570 125.15653 1.53 0 -1.53 Pablo/4Dec2012 5YR
368 8.02569 125.15662 1.15 0 -1.15 Pablo/4Dec2012 5YR
369 8.00326 125.15519 0.08 0 -0.08 Pablo/4Dec2012 5YR
370 7.97855 125.14886 1.49 0.4 -1.09 Pablo/4Dec2012 5YR
371 7.97849 125.14868 2.05 1 -1.05 Pablo/4Dec2012 5YR
372 7.97842 125.14835 1.29 0.35 -0.94 Pablo/4Dec2012 5YR
373 7.99980 125.19622 0.40 0.2 -0.20 Pablo/4Dec2012 5YR
374 7.94818 125.22582 1.50 0 -1.50 Pablo/4Dec2012 5YR
375 7.95010 125.21651 2.61 0.7 -1.91 Pablo/4Dec2012 5YR
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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

Validation Coordinates

Lat

7.94874
7.95049
7.94740
7.94797
7.94302
7.94971
7.95289
7.95346
7.95345
7.96064
7.96065
7.96274
7.96448
7.96554
7.96553
7.96346
7.96378
7.96400
7.95896
7.95744
7.95635
7.95643
7.95602
7.95299
7.94553
7.94574
7.94649
7.94363
7.94437

Long

125.21925
125.21418
125.21376
125.21633
125.20920
125.20814
125.19914
125.19940
125.19939
125.19750
125.19751
125.19557
125.19425
125.19313
125.19320
125.19146
125.19139
125.18978
125.18883
125.18357
125.18054
125.18054
125.17902
125.18290
125.17717
125.17572
125.17485
125.16718
125.16824

Model Validation
Var (m) Points (m)
3.39 1.2
3.06 1
2.76 13
2.53 0.1
1.17 0.3
2.00 1.2
1.19 1.5
1.16 1.7
1.16 0.1
0.06 13
0.06 0.25
1.13 2
0.31 1.5
1.02 0.3
0.94 0.2
2.20 0.45
2.53 0.9
1.13 0
1.33 0.4
2.47 14
1.33 0.5
1.33 1.5
1.47 1
1.36 1
1.02 0
0.93 0
2.05 0.3
0.06 2
1.70 2
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Error

-2.19
-2.06
-1.46
-2.43
-0.87
-0.80
0.31
0.54
-1.06
1.24
0.19
0.87
1.19
-0.72
-0.74
-1.75
-1.63
-1.13
-0.93
-1.07
-0.83
0.17
-0.47
-0.36
-1.02
-0.93
-1.75
1.94
0.30

Event

Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012
Pablo/4Dec2012

Rain
Return/
Scenario

5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
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ANNEX 12. Educational Institutions Affected by flooding in Manupali Flood

Plain

Table A-12.1 Educational Institutions Affected by flooding in Manupali Flood Plain

Bantuanon Elementary School Bantuanon

Bugcaon Elementary School Bugcaon

Bugcaon National High School Bugcaon Medium Medium
Elementary School Kulasihan

Valbueco Elementary School Kulasihan Low High
Lantapan Central Elementary School Poblacion Low Low Medium

Elementary School Apo Macote

Bangcud National High School Bangcud High High High
Tigre Day Care Center Bangcud Low Medium
Casisang Elementary School Barangay 7

Natid Asan Elementary School Barangay 9

Agricultural Training Institute Casisang

Day Care Center Casisang

Jan Jose Elementary School Casisang

Mabuhay Elementary School Casisang Medium High High
Private School Casisang

Bishop Han Theological Seminary Laguitas

Laguitas Elementary School Laguitas

Laguitas Naional High School Laguitas

Aglayan Central School Linabo Medium Medium Medium
Aglayan National High School Linabo Low
Linabo Central Elementary School Linabo

Linabo Community Learning Center Linabo

Saint Micheal High Schoo Linabo
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Day Carem Center Managok High High High
Managok Elementary School Managok Low Low Low
Managok National High School Managok

Manupali Elementary school Managok High High High
Day Care Center San Jose High High High
Mabuhay Elementary School San Jose High High High
Malaybalay Clty National High School San Jose Low Low Low
Nalapgap Day Care Center San Martin Low Low Low
Padernal Elementary School Santo Nifio Low Low
Bangcud Central School Simaya Medium High High
Binalbagan Day Care Center Simaya Low Low
Binalbagan Elementary School Simaya Low Low
Bukidnon Fundamental Baptist Seminary Simaya

Child Friendly Day Care Center Simaya Low Low
Elementary School Simaya

Nalapgap Elementary School Simaya Medium Medium Medium
San Martin Agro-industrial High School Simaya

San Martin Day Care Center Simaya Medium Medium Medium
San Martin Elementary School Simaya Medium Medium Medium
Simaya Elementary School Simaya

Sinanglanan Day Care Center Simaya Low Low
Soso-on Day Care Center Simaya Medium Medium Medium
St. Isidore Academy Simaya Low Low
SunBeam Christian Academy of Bangcud Simaya Low Medium Medium
Apo Macote Day Care Center Sinanglanan Low Medium Medium
Apo Macote Elementary School Sinanglanan Low Medium Medium
Elementary School Sinanglanan

Sunshine Day Care Center Violeta Medium High High
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Bukidnon
Valencia City
Rainfall Scenario

Building Name Barangay Sp— — looteer
ACLC Bagontaas High High High
Bagontaas Adventist Elementary School Bagontaas
Bagontaas Central Elementary School Bagontaas Low
Casiphia Baptist Christian Academ Inc. Bagontaas Low Low Low
Central Mindanao Theological School Bagontaas Medium High High
College Bagontaas Medium High High
Day Care Center Bagontaas
First Fruit Christian Academy Bagontaas
Mountain View College ANNEX Bagontaas Low Low Low
School Bagontaas Low
Valencia Colleges Bagontaas
Batangan Central School Batangan Medium High
DayCare Center Batangan Medium Medium
Jupiter Day Care Center Batangan Medium High
Colonia elementary School Colonia Low Medium Medium
Day Care Center Colonia Low Medium Medium
Padernal Elementary School Colonia Low
Day Care Center Kahapunan High High High
Christian Learning Center Laligan Low Medium Medium
Gold Day Care Center Laligan Medium Medium Medium
Laligan Central School Laligan Medium Medium Medium
Saint Joseph High School Laligan Medium High High
Tongantongan National High School Laligan Medium Medium High
Day Care Center Lumbayao High High High
Lumbayao Elementary School Lumbayao High High High
High School Lumbo
I.B.A College of Mindanao Lumbo
San Agustin Institute of Technology Lumbo Low Low Low
San Agustin Institute of Technology ANNEX Lumbo Low Low Medium
TESDA School Lumbo Low Low Medium
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Valencia National High School
Lurugan Elementary School
Dabongdabong Elementary School
Good Counsel High School
Mailag Elementary School
Seventh Day Adventist School
Nabag.O Elementary School

Faith Christian School

High School

Review Center

STI

Valencia Baptist Christian Academy
Valencia City Adventist Elementary School
Valencia City Central School
Valencia National High School
Lurugan Day Care Center

Lurugan Elementary School
Lurugan National High School
San Carlos Elementary School
San Isidro Elementary School
Valencia City High School
Sinabuagan Elementary School
Day Care Center

Scorpion Day Care Center
Adarna Day Care Center

Araneta Elementary School
Fundamental Baptist School
Mecury Day Care Center

San Vicente Elementary School
Tongantongan Elementary School
Cidrec Cumlat Memorial Institute
Kahaponan Elementary School

Vintar Elementary School

Lumbo
Lurogan
Mailag
Mailag
Mailag
Mailag
Nabago
Poblacion
Poblacion
Poblacion
Poblacion
Poblacion
Poblacion
Poblacion
Poblacion
San Carlos
San Carlos
San Carlos
San Carlos
San Isidro
San Isidro
Sinabuagan
Sugod
Sugod
Tongantongan
Tongantongan
Tongantongan
Tongantongan
Tongantongan
Tongantongan
Vintar
Vintar

Vintar
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Medium

Medium
Medium
High

Medium

Low
High
Medium

Low

Medium
High

Medium

Medium

Medium

Medium

Low

Low

Medium

Low

Medium

Low
Low

Low

Medium
Medium
High
High
Medium
Low
High
High

Medium

High
High
High

Medium

High

Medium
Low
Low

Medium
High

Medium

Medium

Medium

Low

Low

High
High
High
High
Medium
Medium
High
High
High

High
High
High

Medium

High

Medium
Low
Medium
Medium
High
High
High
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ANNEX 13. Health Institutions affected by flooding in Manupali Flood Plain

Table A-13.1 Health Institutions affected by flooding in Malabalay City, Bukidnon in Manupali Flood

Building Name

Provincial Hospital

Provincial Hospital Establishment
Provincial Hospital

Provincial Hospital Establishment
Barangay Health Station

Health Center

Barangay Health Station
Barangay Health Center

Health Center

Barangay Health Station

Building Name

Barangay Health Station
Valencia Polymedic General Hospital
Health Center

Blanco Hospital

Bukidnon Community Health Care
Center

City Health Office Of Valencia City
Lavicaa General Hospital

Shiphrah and Puah Maternity Clinic
Mailag Barangay Health Station
Barangay Health Station

Abella Midway Hospital

Blanco Hospital

Clinic

Lavicaa General Hospital

Sanitarium Hospital

Plain

Bukidnon

Malaybalay City

Barangay

Barangay 7
Barangay 7
Casisang
Casisang
Linabo
Managok
Santo Nifio
Simaya
Simaya

Sinanglanan

Bukidnon
Valencia City

Barangay

Bagontaas
Bagontaas
Laligan

Lumbo
Lumbo

Lumbo
Lumbo
Lumbo
Mailag
Nabago
Poblacion
Poblacion
Poblacion
Poblacion

Poblacion
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Rainfall Scenario

5-year 25-year 100-year

Low Medium Medium
Low Low Low
Low Low

Medium Medium Medium

Low
Low Low
Low Low
Low Medium Medium
Rainfall Scenario
5-year 25-year 100-year
High High High

Medium Medium Medium

Low Low
Medium Medium High
Medium High Medium

Medium Medium
Medium High High
Medium Medium Medium

Low

Low Medium High
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Urgent Care Clinic
Valencia Medical Hospital
Yap Building

DOH MPC

Baranga Health Center
Sinabuagan Health Center
Barangay Health Center
Barangay Health Center

Barangay Health Station

Poblacion
Poblacion
Poblacion
San Carlos
San Isidro
Sinabuagan
Sugod
Tongantongan

Vintar
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Medium
Medium

Low

Medium

High

Medium

High
High

Low

High

High

Low
Medium

Medium

High
High

Medium

High

High

Low
Medium

Medium



UP Training Center for Applied Geodesy and Photogrammetry (TCAGP)
College of Engineering
University of the Philippines — Diliman
Quezon City 1101
PHILIPPINES



