HAIARD MAPPING OF THE PHILIPPINES USING LIDAR ( PHIL-LIDAR 1)
LIDAR t\:um eys
cll lkﬂ. }_ L\_, _\_| L.’I.L.._.‘.._,l:.u.k.q

of 1andaq River

University of the Philippines Training Center
for Applied Geodesy and Photogrammetry
Caraga State University




CABAGA
STATE UNIVERSITY
PHILIPPINES

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

© University of the Philippines and Caraga State University 2017

Published by the UP Training Center for Applied Geodesy and Photogrammetry (TCAGP)

College of Engineering

University of the Philippines — Diliman
Quezon City

1101 PHILIPPINES

This research projectis supported by the Department of Science and Technology (DOST) as part of its Grant-

in-Aid Program and is to be cited as:

E.C. Paringit, and M.M. Santillan, (Eds.). (2017), LiDAR Surveys and Flood Mapping of Tandag River, in
Enrico C. Paringit (Ed.), Flood Hazard Mapping of the Philippines using LIDAR. Quezon City: University of
the Philippines Training Center for Applied Geodesy and Photogrammetry. 175 pp

The text of this information may be copied and distributed for research and educational purposes with
proper acknowledgement. While every care is taken to ensure the accuracy of this publication, the
UP TCAGP disclaims all responsibility and all liability (including without limitation, liability in negligence)
and costs which might incur as a result of the materials in this publication being inaccurate or incomplete

in any way and for any reason.

For questions/queries regarding this report, contact:

Engr. Meriam M. Santillan

Project Leader, PHIL-LIDAR 1 Program
Caraga State University

Butuan City, Philippines 8600

E-mail: meriam.makinano@gmail.com

Enrico C. Paringit, Dr. Eng.

Program Leader, PHIL-LiDAR 1 Program
University of the Philippines Diliman
Quezon City, Philippines 1101

E-mail: ecparingit@up.edu.ph

National Library of the Philippines
ISBN: 987-621-430-031-0



LIDAR Surveys and Flood Mapping of Tandag River

TABLE OF CONTENTS

TABLE OF CONTENTS......cittiiittimuniiineiiiretmnmsssiimsssimesssmssssssssssssesssssssssssssssessssssssssssssssssssssssssssssssssnsssssssss ii
LIST OF TABLES ....ccuuuuiiiiiiiiiinnnnnniiiiniiiiessssssssssssimssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss iv
LIST OF FIGURES ....ccuuiiiiiiiiiiinneiiiiiiiiiiieensssiiissiiiisssssssssssssssmsessssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssss v
LIST OF ACRONYMS AND ABBREVIATIONS .....coitttremuuciiiinniimmmmmmnssiisniiimmessssssssssssmsssssssssssssssssssssssssssss vii
CHAPTER 1: OVERVIEW OF THE PROGRAM AND TAGO RIVER .....cccctrtuuniiiinniinnnnnnnnsiiinniiieemmsmsssinee 1
1.1 Background of the Phil-LIDAR 1 Program......ccccocccciiiiiiieee e e e e eecciietee e e e e e e e eeeneraeree e e e e e e e eeannnrnaeees 1

1.2 Overview of the Tandag RiVEr BaSiN .......uceiiiiiiiiiiiiiiiiiiee e et e e e e e e et re e e e e e e e e esnenaaneeeeas 1
CHAPTER 2: LIDAR ACQUISITION IN TANDAG FLOODPLAIN .....ccccitiitrmmmmsisinniineemmmnssssssnssssessssssssssssssseens 3
B R 17 =4 o - T o T EPUR 3

2.2 GroUNd Base STatioNS.....ccuiiiieiiiiiie ettt e et e e st e e e s et e e e e s abteeeesabaeeeenan 5

G B 17 =4 oL 1Y/ 1T Lo o VPR 9

2.8 SUPVEY COVEIAZE .uvvuuuuuuuuuuiiiieieteasaeaeeeeaeeaeaeaaaaaaaaeeeeeeeeeerereeeaeatetaretererererannnannnaannaaaasasesaaeeeeasaaeaaees 10
CHAPTER 3: LIDAR DATA PROCESSING FOR TANDAG FLOODPLAIN......cccceeeeeiriiinmmmnnnsssensnnnnssssssssssssnnns 12
3.1 Overview of the LIDAR Data Pre-ProCeSSING ......uueiiieeiiiiiiiiiiiieeee e e e e e eccrtree e e e e e e e e esnnnaraneeaa e e e e 12

3.2 Transmittal of Acquired LIDAR Data......ccccccuiiiiiiieeie ettt e e e e e e eesvtaree e e e e e e e e e snntanaeeeeeaeeeennan 13

3.3 Trajectory COMPULATION ..ociiiiiiiicccceceeceeeeeeeee s e e e s e e e e e e e e e e eeaeaaaaaaaaeaaeeeeeseseeeeenrernnes 13

3.4 LiDAR Point Cloud COMPULATION ..ueiiiieiiicccciieeee et e e e et e e e e e e e e e e snnrnra e e e e e e e e e eanas 15

3.5 LiDAR Data QUality CheCKING .....uueiieeeieieeeeeeeee e e e e e e e e e arrare e e e e e e e e e e 15

3.6 LiDAR Point Cloud Classification and Rasterization.........cccccueeeiieeeciisecie e 19

3.7 LiDAR Image Processing and Orthophotograph Rectification..........cccccvveeiiiiiiiiiiciice e 22

3.8 DEM Editing and Hydro-Corr@CtioN.......cccccuiiiiiiieeee ettt e e ettt e e e e e e e e s anraaneeeeaaeeeenans 23

3.9 MOSQICKING OF BIOCKS .eeeiieeiiieiieeee ettt e e e e e e e e et r e e e e e e e e e e s annaeaaeeeeeeeseennnnnes 24

3.10 Calibration and Validation of Mosaicked LiDAR Digital Elevation Model.........cccccccoeecurrrnnnnennn. 26

3.11 Integration of Bathymetric Data into the LiDAR Digital Terrain Model ........ccccceeeeeeviiciniininnnnen. 30

3,12 FEAtUIe EXTraCTION . coiii ittt ettt e e e e ettt e e e e e e e e r et e e e e e e e e e eanne 31
3.12.1 Quality Checking of Digitized Features’ Boundary .........cccccceeeeeeeeeiiiiiiiieeeeee e 31

N A o [T 7= oYl A - [ n (o o PP 31

3.12.3 FEature AtEriDULION . ...cii it e e e e e s e e e e e 32

3.12.4 Final Quality Checking of Extracted FEAtUres........ccoeccvvviiieeee e 33

CHAPTER 4: LIDAR VALIDATION SURVEY AND MEASUREMENTS IN THE TANDAG RIVER BASIN. ........... 34
o YU oY g =TV o) Yot u AV =P 34

o 0o 14 o YUY Y7L PR 35

4.3 NetWOIrK AdJUSTMENT ..vieeiiieii it e e e e e et e e e e e e e e e e aabaa b e e eeeeeeesesnnnsrasenneaaanens 37

4.4 Cross-section and Bridge As-DUIIt SUIVEY ... e e e 39

4.5 Validation Points ACQUISITION SUIMVEY .....ccciiii it e ettt e e e e e e e ciaraa e e e e e e e e e e s ennrnraeeeeeas 40

4.6 RiVEr BathymMetriC SUIVEY ..cccc it e e e e e e e e e e e e e e e e e e e nnrreaaneeeaeeeas 42
CHAPTER 5: FLOOD MODELING AND MAPPING .....cccoiiiiiimmmmniiiiiiiiiinrssssssissiiiiissssssssssssssimsssssssssssssssns 45
5.1 Data Used for Hydrologic MOAEIING........ccueeiiiiiiieeiee ettt e e e e e e e e 45
5.1.1 Hydrometry and RAtiNg CUIVES .....cceeee it ee ettt e e et e e e e e e e e e e e e ee s 45

5.0, PreCi Pt ATION e —————————————————————— 45

5.1.3 Rating Curves and RiVer OUFIOW.........ooociiiiiiiiieee e e 46

5.2 RIDF STATION 1.ttt ettt et e e e ettt et e e e e e e e e aan e e et e e eeeeeeeannnbeeeeeeeeeeeeaaannnnee 47

5.3 HIMS IMIOOEL ..ttt e e et e e et e e e et ee e s s enbbee e s e aabaeeeennnteeeeennneeas 49

5.4 CroSS-SECHION DAt ..ceiiiiiiiiiiiie ittt e e e e e e e e e et e e e e e e e e e e et e e e e e e e e eenanne 54

RN ol (o T B 1V oY =Y PP PPP 55

5.6 Results of HMS Calibration ........oceieieiiiiiiee ettt e e s e s e e s s 56

5.7 Calculated Outflow hydrographs and Discharge Values for different Rainfall Return Periods....57
5.7.1 Hydrograph using the Rainfall Runoff Model ...........ccccocoieiiiiiiiiicecee e, 57

5.8 River Analysis Model SIMUIGTION......cciii e e e e r e e e e e e 59

5.9 Flood Hazard and FIOW DePth IMAp c.ccceeeeeeiiiiiiieeee ettt e e e e e e e e e avnnr e e e e e e e e e 60

5.10 Inventory of Areas EXposed t0 FIOOING ........uuviiiiiiiiiiieeee et 67

LT B (e Te T AN =1 [ o =1 a oo S SRR PPPP 75



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

REFERENCES .....ccevuuueiiiiiiiiiinnnnneiiiiiiiiiissssssssissiiimssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnssss 77
ANNEX ..iiiiiiiiiiiiiniiiiiinueiiiieiiitersssssiiieetiteessssssssssssttresssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssnns 78
ANNEX 1. OPTECH Technical Specification of the Aquarius SENSOr ..........coecuiiieeiiiieeeeccieee e 78
ANNEX 2. NAMRIA Certificates of Reference Points Used in the LIDAR SUrvey.........ccccccevveeeeenneenn. 79
ANNEX 3. Baseline Processing Reports of Control Points Used in the LiDAR Survey..........ccccvvveeeen. 81
ANNEX 4. The LiDAR Survey Team COmMPOSITION .......uuuiiiiieiieeeeieciiiiieeeeeee e e eescirnreeeeeee e e e s esannnnnneees 85
ANNEX 5. Data Transfer Sheet for Tandag Floodplain........ccccceoeeiciiiiiiiiic e, 86
ANNEX 6. Flight Logs for the Flight MiSSIONS ......ccceuiiiiiiiieiee e e 88
ANNEX 7. Flight STatus REPOITS ...ttt e e e e e e e e et e e e e e e e s e e e annrrranaeeeaaeas 96
ANNEX 8. MiSSiON SUMMATY REPOITS....uuuuiiueieiiiiiiieiiisseeeeeee e e e e e e e e e e e eeeeaeeeeeeeeeeeeeeeereeeeeerereanrenenearnnes 105
ANNEX 9. Tandag Model Basin Parameters ........ccccuviiiieeeeee e ecciiiiteeee e e e e e e e esinnaeere e e e e e e e e sanessneneeeas 145
ANNEX 10. Tandag Model Reach Parameters .........ccuvvieeeeeei e et ree e e e e e 148
ANNEX 11. Tandag Field Validation POINtS .........cccuiiiiiieiie et e e e e e 149
ANNEX 12. Educational Institutions Affected by Flooding in Tandag Floodplain...........cccceeeunne.e. 164
ANNEX 13. Health Institutions Affected by Flooding in Tandag Floodplain ........ccccccvveeeiiieeeeennneen. 165



LIDAR Surveys and Flood Mapping of Tandag River

LIST OF TABLES

Table 1. Flight planning parameters for Aquarius LIDAR SYStEM .......cccuuviiiieeeieiiiciiirieee e e e eeceirrrreeeeee e 3
Table 2. Details of the recovered NAMRIA benchmark SS-158 used as base station for the LiDAR

F= Yoo 18 1 o o TSN 5
Table 3. Details of the recovered NAMRIA vertical control point SS-101 used as base station with

L =] o] 11 g =T I oo o) o 11 T Y SRR 6
Table 4. Details of the recovered NAMRIA horizontal control point SRS-51 used as base station for the

] 7Y 2= [T o [0 T 1w o o 7
Table 5. Table 5. Details of the recovered NAMRIA horizontal control point SRS-47 used as base station
fOr the LIDAR @CQUISTTION ..vviiiiie i i ittt ettt e e e e et e e e e e e e e e e s bbb beeeeeaeeesaeeaaeeaeessnsssrasaeeeaaaaanan 8
Table 6. Ground contrvol points used during LIDAR data acquiSition .........ccooevviiiiiiiieeeee e e 9
Table 7. Flight missions for LiDAR data acquisition in Tandag Floodplain..........ccccoviiieeeiee e, 9
Table 8. Actual parameters used during LIDAR data acquisition .........ccceeeeeeeiieicciiiiiieeeeee e, 10
Table 9. List of municipalites and cities surveyed during Tandag Floodplain LiDAR survey...........c........... 10
Table 10. Self-calibration results values for Tandag flightS..........oooociiiiiiei e, 15
Table 11. List of LiDAR blocks for Tandag FIoodplain...........eeeeeii it e e 16
Table 12. Tandag classification results in TErraSCan ........uuueeeeiiii i e e e 19
Table 13. LiDAR blocks with their corresponding area .........cceeeeieieciiiiiieiie e 23
Table 14. Shift values of each LiDAR Block of Tandag Floodplain .........ccceeeveiiiiiiiiiiiiiieieeee e, 24
Table 15. Calibration StatistiCal MEASUIES .....cc..viiie i e e e ee e e e aeenees 28
Table 16. Validation statistiCal MEASUIES.......ccuuiiii ittt e et e e e e snre e e e s sabeee aeeas 29
Table 17. Quality Checking ratings for Tandag building features.........ccoceeeeeeiioicciiiieeee e, 31
Table 18. Building features extracted for Tandag Floodplain..........cccuviiieieeiii e 32
Table 19. Total length of extracted roads for Tandag Floodplain. ........cceeeeeeeiiiiiciiiiiiieeeee e, 32
Table 20. Number of extracted water bodies for Tandag Floodplain ..........cccoovieiiiiiiiiieeeee e, 33
Table 21. List of references and control points occupied in Tandag survey (Source: NAMRIA; UP-TCAGP)35
Table 22. Control PoiNt CONSTIAINTS .......uuiiiiiiiieeei e e e e e e e re e e e e e e e e e e abaere sennneraseees 37
Table 23. Adjusted grid COOrAINATES ........uiiiiiiieeii e e e e e e e rrre e e e e e e e e e e aanaree sannaraseees 38
Table 24. Adjusted ge0detiC COOTAINATES ...uuviiiiiii e e e e e e e e e e e e e e e e e aaberaeaeaaaeeeeanns 38
Table 25. Table 25. Reference and control points used and its location (Source: NAMRIA, UP-TCAGP) .. 39
Table 26. RIDF values for Hinatuan Rain Gauge computed by PAGASA..........coooiiiiiiiiiieeee e 47
Table 27. Range of calibrated values for Tandag.........ccuvviiieie i 56
Table 28. Summary of the efficiency test of Tandag HMS Model.........ccevveeiiiiiiiiiiiiiieeeeee e, 57
Table 29. Peak outflows of the Tandag HEC-HMS model at Pandanon using the Hinatuan RIDF .............. 58
Table 30. Municipalities affected in Tandag FIoodplain..........ceee oo 60
Table 31. Affected areas in Tago, Surigao del Norte during a 5-year rainfall return period ...................... 67
Table 32. Affected areas in Tandag City, Surigao del Norte during a 5-year rainfall return period........... 68
Table 33. Affected areas in Tandag City, Surigao del Norte during a 5-year rainfall return period........... 68
Table 34. Table 34. Affected areas in Tago, Surigao del Norte during a 25-year rainfall return period..... 69
Table 35. Affected areas in Tandag City, Surigao del Norte during a 25-year rainfall return period......... 70
Table 36. Affected areas in Tandag City, Surigao del Norte during a 25-year rainfall return period......... 71
Table 37. Affected areas in Tago, Surigao del Norte during a 100-year rainfall return period .................. 72
Table 38. Affected areas in Tandag City, Surigao del Norte during a 100-year rainfall return period....... 73
Table 39. Affected areas in Tandag City, Surigao del Norte during a 100-year rainfall return period....... 73
Table 40. Area covered by each warning level with respect to the rainfall scenario .......cccccccooeecvvviiennnnen. 74
Table 41. Area covered by each warning level with respect to the rainfall scenario........c.cccoeeevvviveennn.n. 74
Table 42. Actual flood depth vs. simulated flood depth in Tandag.......ccccceeeeeieicciiiiiieeee e, 76
Table 43. Summary of accuracy assessmMent iN TANAAZ .....vvvveeeii i e e e e 76



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

LIST OF FIGURES

Figure 1. Map of the Tandag River Basin (iN DrOWN) ......coccviiiiiiiiiii e 2
Figure 2. Flight plan and base stations used to cover Tandag Floodplain..........ccccovviieeiiiiiiniiciiiiiieeeee e, 4
Figure 3. Figure 3. GPS set-up over SS-158 located at the second approach of Batang Bridge in

Brgy. Dayo-an, Surigao del Sur (a) and NAMRIA reference point S5-158 (b) as recovered

o3V =N 41T o I <= o' IO PPRRRRNS 5
Figure 4. GPS set-up over SS-101 located at the first approach of Antao Bridge KM.

Post 1249+122.90 near a concrete electric post in Brgy. Antao, Carmen, Surigao del Sur (a)

and NAMRIA reference point S5-101 (b) as recovered by the field team........ccoceeeieeiiiiiieciiie e, 6
Figure 5. GPS set-up over SRS-51 located inside the compound of the barangay hall, beside the
basketball court Brgy. Bajao, Tandag, Surigao del Sur (a) and NAMRIA reference point

SS-101 (b) as recovered by the field tEAM .........ooiuiiii et 7
Figure 6. GPS set-up over SRS-47 located on the left side ground corner of the barangay hall

about 60 m from the crossing in Brgy. Manga, Madrid, Surigao del Sur (a) NAMRIA reference point

SS-101 (b) as recovered by the field tEAM .........co it 8
Figure 7. Actual LiDAR data acquisition for Tandag Floodplain .........ccccueeeeeeiiiiicciiieeee e, 11
Figure 8. Schematic diagram for Data Pre-Processing COMPONENT ........ueeeeeeeeiiiiiiiiiiiiieeee e eecccirrreeee e 12
Figure 9. Smoothed Performance Metric parameters of a Tandag Flight 1674A ........cccccvveeeeeeecciiinnnnenen. 13
Figure 10. Solution Status Parameters of Tandag Flight 1674A. ........ccviiieiiiii i 14
Figure 11. Best estimated trajectory of LiDAR missions conducted over Tandag Floodplain.................... 15
Figure 12. Boundary of the processed LiDAR data over Tandag Floodplain.........cccccvvieeeeeieeiincccciiineeeeen. 16
Figure 13. Data overlap between missions and flight lines for Tandag Floodplain survey ........................ 17
Figure 14. Pulse density map of merged LiDAR data for Tandag Floodplain ..........ccccovveeeeeeiiinccciiiiiennennn. 18
Figure 15. Elevation difference map between flight lines for Tandag Floodplain.........cccccceeeieveiciinninnn.n. 18
Figure 16. Quality checking for a Tandag flight 1674A using the Profile Tool of QT Modeler ................... 19
Figure 17. Tiles for Tandag Floodplain (a) and classification results (b) in TerraScan........ccccccceeeveeeeennnnen. 20
Figure 18. Point cloud before (a) and after (b) classification. ..........ceoeeivieieiiiiieiee e, 20
Figure 19. The production of last return DSM (a) and DTM (b), first return DSM (c) and

secondary DTM (d) in some portion of Tandag Floodplain. ........ccccceeeieiiiiiiieciiiee e 21
Figure 20. Tandag Floodplain with available orthophotographs .......ccccceeeeeiiiiiiccii e, 22
Figure 21. Tandag Floodplain with available orthophotographs .......ccccceeeeeiiiiiiciii e, 22
Figure 22. Portions in the DTM of Tandag Floodplain—embankments before (a) and after (b) data
retrieval; and a bridge before (c) and after (d) manual editing ........coooeeiiiiieeiiiie e, 23
Figure 23. Map of processed LiDAR Data for Tandag Floodplain........cccceeeeeieiiiiciiiiiiiiieeee e 25
Figure 24. Map of Tandag Floodplain with validation survey points in green.........cccoccceeeeeeeeeeeccciineeeennn. 27
Figure 25. Correlation plot between calibration survey points and LIDAR data.........ccccceeeeeeeeeeeciiinnnnennn. 28
Figure 26. Correlation plot between validation survey points and LIDAR data........cccccceeeeeeeeeeecccninnennnnnn. 29
Figure 27. Map of Tandag Floodplain with bathymetric survey points shown in blue...........ccccccuvnnnneeen. 30
Figure 28. Blocks (in blue) of Tandag building features subjected to0 QC .......ccceeeeeecieeeeeciiiee e, 31
Figure 29. Extracted features for Tandag FloOdplain..........eeeeeiie it e e 33
Figure 30. Extent of the bathymetric survey (in blue) in Tandag River and the data validation

SUPVEY (1N TEA) 1eeiiiiiiee ettt e ettt e e ettt e e e e ettt e e e eeaaeeeeeaasaeee e e ssaeeeeensseeeeesssaeaeeanssaeesannsbeeesennsreas 34
Figure 31. GNSS network of Tandag River field SUNVEY ... 35
Figure 32. GNSS base receiver set-up, South® S86T, at SRS-72 in Brgy. Pangi, Tandag City,

UL =c= o e [ I U T SR 36
Figure 33. GNSS base receiver set-up, South® S86T, at SS-148 in Brgy. San Agustin Norte,

Tandag City, SUMZA0 @I SUN ....eeiiii ittt e e e e e e e e e e e bbb re e e e e eaeeeeessansrssaeseaaeeesennnsnns 36
Figure 34. GNSS base receiver set-up, South® S86T, on T-1 on top of the New Tandag City Hall in

Brgy. AWasian, TANAAZ City ...uueeeeieeiiiiciiiiiiieeee e e e eecrere e e e e e e e e e sebtbreeeeeeeeeeeessabtabasaeeeaeeseasannsrassaseeeasssennnsnes 37
Figure 35. Tandag River cross-section 10Cation Map........uueeeeieiiiiiiiiiiiiiieeee e ee e e e e e 39
Figure 36. C-section diagram of TaNdag RIVEI .......cccuiiiiiiiiic et e e e e e e e e e 40
Figure 37. GNSS Receiver South® S86T installed on a vehicle for ground validation survey...................... 40
Figure 38. Validation points acquisition survey for Tandag RiVer SUMVeY........ccccoeeecuviiieeeeeee e eccccrrireeeeann 41
Figure 39. Set up of bathymetric survey in Tandag RiVEr .......cccoiiiiiiiiiiiiiie e 42



LIDAR Surveys and Flood Mapping of Tandag River

Figure 40. Bathymetric and Aquarius validation points gathered for Tandag River ........cccccceeeeecveeeeennneen. 43
Figure 41. Riverbed profile of TANAag RIVE.........oooo i e e e arae e 44
Figure 42. Location map of rain gauge used for the calibration of the Tandag HEC-HMS model.............. 45
Figure 43. Rating Curve at Pandanon, Tandag City, Surigao del SUr ........ccccceiiiiiiiiiiiiiee e, 46
Figure 44. Rainfall at Awasian ARG and outflow data at Pandanon used for modeling. ..........ccccoec........ 46
Figure 45. Location of Baguio RIDF Station relative to Aringay River Basin.........ccccccveeeeeiiieeceeciiee e, 47
Figure 46. Figure 46. HiNatuan RIDF CUMVES....ccccieiiei ittt e e e e e e 48
Figure 47. Soil map of the Tandag River Basin used for the estimation of the CN parametern

(Source: Department of Agriculture — Bureau of Soil and Water Management) .........cccccceeeeeeecieeecennnee. 49
Figure 48. Land cover map of the Tandag River Basin used for the estimation of the CN and

watershed lag parameters of the rainfall-runoff model ...........ccoooiiiii e, 50
Figure 49. Figure 49. Slope map of Tandag RiVEr BaSin .........ccceeciiiiiieiiiiee e 51
Figure 50. Land cover map of the Tandag River Basin used for the estimation of the CN and

watershed lag parameters of the rainfall-runoff model ...........ccooooiiii e, 52
Figure 51. Tandag River Basin model generated using HEC-HMIS.............oooeiiiiiiniiiiiiiiiec e 53
Figure 52. River cross-section of Tandag River generated through Arcmap HEC GeoRAS tool ................. 54

Figure 53. Screenshot of subcatchment with the computational area to be modeled in Flo 2D GDS Pro 55
Figure 54. Outflow hydrograph of Pandanon produced by the HEC-HMS model compared

With 0DSEIVEA OULFIOW ....eeieeiiiceiee ettt et e et ae e st e e st e e s ste e e snteeessaeesnseeeeseaenns 56
Figure 55. Outflow hydrograph at Tandag Station generated using the Hinatuan RIDF

SIMUIGTE IN HEC-HIVIS.... .ottt et e e st e e st e e e ettt e e s e sbbeeeessnbbeeeeennsbeaesenaneeas 58
Figure 56. Flood depth and extent at Tandag River Basin during typhoon “Agaton” ...........cccceecvvveeeennen. 59
Figure 57. 100-year flood hazard Map for Tandag Floodplain.........ccceccuveeeeeciiiiiiicciiiee e 61
Figure 58. 100-year flow depth map for Tandag Floodplain............eoeeiiieiiiiiiiii e 62
Figure 59. 25-year flood hazard map for Tandag FIoodplain ...........oeeeeiiiiiiiiiiiee e 63
Figure 60. 25-year flow depth map for Tandag Floodplain.........ccceeeeeiiiiieicciieee e 64
Figure 61. 5-year flood hazard map for Tandag FIoodplain ........cc.eeeeeiiiiiie i 65
Figure 62. 5-year flow depth map for Tandag Floodplain ..........cccueeeieiiiiiiecciiiee e 66
Figure 63. Affected areas in Tago, Surigao del Norte during a 5-year rainfall return period...................... 67
Figure 64. Affected areas in Tandag City, Surigao del Norte during a 5-year rainfall return period .......... 69
Figure 65. Affected areas in Tago, Surigao del Norte during a 25-year rainfall return period ................... 70
Figure 66. Affected areas in Tandag City, Surigao del Norte during a 25-year rainfall return period ........ 71
Figure 67. Affected areas in Tago, Surigao del Norte during a 100-year rainfall return period ................. 72

Figure 68. Affected areas in Tandag City, Surigao del Norte during a 100-year rainfall return period ...... 73
Figure 69. Affected areas in Tandag City, Surigao del Norte during a 100-year rainfall return period ...... 75
Figure 70. Flood map depth vs. actual flood depth.........cccuiiiiiiiiiiii e e 76

Vi



AAC
Ab
ALTM
ARG
ATQ
AWLS
BA
BM
CAD
CN
CSRS
Csu
DAC
DEM

DENR

DOST

DPPC

DREAM

DRRM

DSM
DTM

DVBC

FMC
FOV
GiA
GCP
GNSS
GPS

HEC-HMS

HEC-RAS
HC
IDW

IMU
kts
LAS
LC

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

LIST OF ACRONYMS AND ABBREVIATIONS

Asian Aerospace Corporation
abutment

Airborne LiDAR Terrain Mapper
automatic rain gauge

Antique

Automated Water Level Sensor
Bridge Approach

benchmark

Computer-Aided Design

Curve Number

Chief Science Research Specialist
Caraga State University

Data Acquisition Component
Digital Elevation Model

Department of Environment and
Natural Resources

Department of Science and
Technology

Data Pre-Processing Component

Disaster Risk and Exposure
Assessment for Mitigation
[Program]

Disaster Risk Reduction and
Management

Digital Surface Model
Digital Terrain Model

Data Validation and Bathymetry
Component

Flood Modeling Component

Field of View

Grants-in-Aid

Ground Control Point

Global Navigation Satellite System
Global Positioning System

Hydrologic Engineering Center -
Hydrologic Modeling System

Hydrologic Engineering Center -
River Analysis System

High Chord

Inverse Distance Weighted
[interpolation method]

Inertial Measurement Unit
knots

LiDAR Data Exchange File format
Low Chord

LGU
LiDAR
LMS

m AGL
MMS
MSL

NAMRIA

NSTC
PAF

PAGASA

PDOP
PPK

PRF
PTM
Qc
Qr
RA

RIDF

RMSE
SAR
SCS
SRTM
SRS
SSG
TBC

TCAGP

UT™m
WGS

Vii

local government unit

Light Detection and Ranging
LiDAR Mapping Suite
meters Above Ground Level
Mobile Mapping Suite
mean sea level

National Mapping and Resource
Information Authority

Northern Subtropical Convergence
Philippine Air Force

Philippine Atmospheric Geophysical
and Astronomical Services
Administration

Positional Dilution of Precision

Post-Processed Kinematic
[technique]

Pulse Repetition Frequency
Philippine Transverse Mercator
Quality Check

Quick Terrain [Modeler]
Research Associate

Rainfall-Intensity-Duration-
Frequency

Root Mean Square Error
Synthetic Aperture Radar

Soil Conservation Service

Shuttle Radar Topography Mission
Science Research Specialist
Special Service Group

Thermal Barrier Coatings

University of the Philippines —
Training Center for Applied Geodesy
and Photogrammetry

Universal Transverse Mercator
World Geodetic System



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

CHAPTER 1: OVERVIEW OF THE PROGRAM AND
TAGO RIVER

Meriam Makinano-Santillan, Janice C. Baay, Jojene R. Santillan, Arthur A. Amora

1.1 Background of the Phil-LiDAR 1 Program

The University of the Philippines Training Center for Applied Geodesy and Photogrammetry (UP-TCAGP)
launched a research program in 2014 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.

The program was also 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 titled 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 Caraga State University (CSU).
CSU is in charge of processing LiDAR data and conducting data validation reconnaissance, cross-section,
bathymetric survey, validation, river flow measurements, flood height and extent data gathering, flood
modeling, and flood map generation for the 11 river basins in the CARAGA Region. The university is located
in Butuan City in the province of Agusan del Norte.

1.2 Overview of the Tandag River Basin

The Tandag River Basin is located in the eastern portion of the Island of Mindanao, Philippines. It lies
generally between 126°02’ to 126°11" east longitude and 9°03’ to 9°08’ north latitude. It is bounded on
the north by the Municipalities of Cortes and Lanuza, on the west and south by the Municipality of Tago
and on the east by the Pacific Ocean (Philippine Cities, n.d.). The basin covers an area of approximately
189 square kilometers, and is about 27 kilometers long and averages about 10 kilometers in width.

The Tandag River is the principal drainage way of the basin. It originates in Barangay Pakwan, Municipality
of Lanuza, Surigao del Sur at the upstream portion of the river basin, and traverses the entire length of
the basin in a northeasterly direction. It drains to Barangay Dagocdoc, Tandag City, Surigao del Sur and
discharges into the Philippine Sea. The portion of the river channel located near the Philippine Sea is
navigable by the motor boats up to about 6 kilometers. There are also minor tributaries that connect
to the river basin. Some of these are the Telaje River passing Barangay Bagong Lungsod Poblacion and
the Momong River located at Barangay San Agustin Norte, Tandag City, Surigao del Sur which contribute
directly to the Tandag River.

The area falls under the Type Il of climate in the country, which is characterized by rainfall distributed
throughout the year, with a negligible short dry season. Wet season is highly pronounced from September
to February and dry season are months from March to August (Incorporated, 2017).

The basin’s highest point is at 900 meters above mean sea level situated along the mountain ridges of
Barangay Pakwan, Municipality of Lanuza, Surigao del Sur (Center, n.d.). The most abundant soil type in the
basin based on maps published by the Department of Agriculture was clay which accounts for 88% of the
basin’s land area. The basin is mostly covered by open canopy forests and brushland leaving the built-up
areas only covering less than 2 % of the basin.
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Built-up areas and communities in the basin are concentrated in Tandag City, the downtown area in which
considered as the bustling capital town of Surigao del Sur. The city is mostly inhabited by the Manobos
and Mamanwas who lived along the river banks. Many years ago, Tandag became a port of call to the
Spanish Galleon that sailed along the southern part of Mindanao. Until today, it is generally believed that
somewhere underneath the deep sea near Tandag’s Twin Linongao Islands lies the sunken galleon.

Based on Caraga Region 2015 Census of Population, City of Tandag ranked number eight in the Top 10
Most Populous Cities/Municipalities in the Region with 56,364 people residing. Major language spoken in
the city is Tandaganon, a language closely related to Surigaonon. Tandag City is a fifth income class city on
the island of Mindanao and is into small businesses, tourism, and producing good quality products from
agriculture and fishery.

Tandag City Water District is providing the people, particularly in the urban areas, with clean water
sourced from the basin’s upstream watersheds. Tandag Water District is now serving 5,059 connections
and covering almost 70% of the entire area of Tandag City. Many people in Tandag have benefited in the
District water systems in which there are approximately 41,573 populations from the 14 different areas in
the city such as Awasian, Bag-ong Lungsod, Bioto, Bontud, Buenavista, Dagocdoc, Mabua, Pangi, Quezon,
Rosario, Salvacion, San Agusin Norte, San Agustin Sur and Telaje (District, n.d.).

Tropical Storm Ruby is one of the typhoons that entered in the Philippine Area of Responsibility. As
reported, Ruby was the 18th tropical cyclone in the country. Tandag City is one of the localities which was
affected by this calamity. Tropical Storm Ruby was spotted in December 3, 2014 and intensified at 215
kilometers per hour on December 5, 2014 moving towards Eastern Samar-Northern Samar area over the
rest of Southern Luzon, Visayas, and Northeastern Mindanao to the extent that a ‘state of calamity’ was
declared by the City government. The unceasing movement of “Ruby” in almost 6 days of staying in the
country together with the continuous rain and strong winds that it brought along has caused flooding and
landslides affecting numerous individuals and damaged infrastructures not only in Tandag City but also in
other localities and areas of the Philippines (NDRRMC, n.d.).
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Figure 1. Map of the Tandag River Basin (in brown)
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CHAPTER 2: LIDAR ACQUISITION IN TANDAG
FLOODPLAIN

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

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

2.1 Flight Plans

Plans were made to acquire LiDAR data within the delineated priority area for Tandag Floodplain in Surigao
del Sur. These missions were planned for 19 lines and 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 are found in Table
1. Figure 2 shows the flight plan for Tandag Floodplain survey.

Table 1. Flight planning parameters for Aquarius LiDAR system

Flying AU Scan Average
Block Name Height Ovc‘e)rlap F.|eld of Repetition Frequency Average Turn Time
(m AGL) (%) View (6)  Frequency (H2) Speed (kts) (Minutes)
(PRF) (KHz)
BLK61A 500 25,50 36 50 45 120 5
500 60 36 50 45 120 5
BLK61B
600 60 36 50 45 120 5
BLK61C 600 60 36 50 45 120 5
BLK61D 600 60,65 36 50 45 120 5
BLK61G 600 60,65,70 36 50 45 120 5
BLK61H 600 70 36 50 45 120 5
BLK61M 600 70 36 50 45 120 5
500 50,70 36 50 45 120 5
BLK61N
600 50,70 36 50 45 120 5
500 50 36 50 45 120 5
BLK610O
600 50 36 50 45 120 5
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Figure 2. Flight plan and base stations used to cover Tandag Floodplain
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2.2 Ground Base Stations

The project team was able to recover two (2) NAMRIA ground control points: SRS-51 and SRS-47 which are
of second (2")-order accuracy and two (2) NAMRIA benchmarks, SS-158 and SS-101. These benchmarks
were used as vertical reference points and were also established as ground control points. The certifications
for the NAMRIA reference points are found in ANNEX 2 while the baseline processing reports for the
established control points are found in ANNEX 3 These points were used as base stations during flight
operations for the entire duration of the survey (July 5-31, 2014). Base stations were observed using dual
frequency GPS receivers, TRIMBLE SPS 882, SPS 852, and SPS 985. Flight plans and location of base stations
used during the aerial LiDAR acquisition in Tandag Floodplain are shown in Figure 2.

Figure 3 to Figure 6 show the recovered NAMRIA reference points within the area. In addition, Table 2 to
Table 5 present the details about the following NAMRIA control stations and establish points, while Table
6 shows the list of all ground control points occupied during the acquisition with the corresponding dates
of utilization.
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Figure 3. Figure 3. GPS set-up over SS-158 located at the second approach of Batang Bridge in
Brgy. Dayo-an, Surigao del Sur (a) and NAMRIA reference point SS-158 (b) as recovered
by the field team

Table 2. Details of the recovered NAMRIA benchmark SS-158 used as base station for the LiDAR acquisition

Station Name SS-158
Order of Accuracy 2nd
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 9°01'43.29494” North
Philippine Reference of 1992 Datum Longitude 126°11°10.19014” East
(PRS 92) Ellipsoidal Height 1.842 meters
_ Grid Coordinates, Easting 850353.357 meters
Philippine Transverse Mercator Zone 5 Northin 999491 438 meters
(PTM Zone 5 PRS 92) 8 '
Geographic Coordinates, Latitude 9°01'39.70405” North
World Geodetic System 1984 Datum Longitude 126°11’15.53082" East
(WGS 84) Ellipsoidal Height 76.97 meters
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Figure 4. GPS set-up over SS-101 located at the first approach of Antao Bridge KM.
Post 1249+122.90 near a concrete electric post in Brgy. Antao, Carmen, Surigao del Sur (a)
and NAMRIA reference point SS-101 (b) as recovered by the field team

Table 3. Details of the recovered NAMRIA vertical control point SS-101 used as base station with established

coordinates
Station Name SS-101
Order of Accuracy 25
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 9°14’21.88056” North
Philippine Reference of 1992 Datum Longitude 125°59’11.96188” East
(PRS 92) Ellipsoidal Height 8.363 meters
_ Grid Coordinates, Easting 828202.434 meters
Philippine Transverse Mercator Zone 5 Northin 1022631.093 meters
(PTM Zone 5 PRS 92) & '
Geographic Coordinates, Latitude 9°14’18.21639” North
World Geodetic System 1984 Datum Longitude 125°59°17.28524”East
(WGS 84) Ellipsoidal Height [ ] meters
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Figure 5. GPS set-up over SRS-51 located inside the compound of the barangay hall, beside the
basketball court Brgy. Bajao, Tandag, Surigao del Sur (a) and NAMRIA reference point
SS-101 (b) as recovered by the field team

Table 4. Details of the recovered NAMRIA horizontal control point SRS-51 used as base station for the LiDAR

acquisition
Station Name SRS-51
Order of Accuracy 2nd
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 8° 59’ 14.14996” North
Philippine Reference of 1992 Datum Longitude 126° 9’ 6.83415” East
(PRS 92) Ellipsoidal Height 3.97000 meters
I Grid Coordinates, Easting 406741.509 meters
Philippine Transverse Mercator Zone 5 Northin 99387182 meters
(PTM Zone 5 PRS 92) 8 '
Geographic Coordinates, Latitude 8°59’ 10.56678” North
World Geodetic System 1984 Datum Longitude 126° 9’ 12.17833" East
(WGS 84) Ellipsoidal Height 74.22300 meters
Grid Coordinates, Universal Transverse Easting 186815.64 meters
Mercator Zone 51 North Northin 994598.26 meters
(UTM 51N PRS92) 8 '
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Figure 6. GPS set-up over SRS-47 located on the left side ground corner of the barangay hall
about 60 m from the crossing in Brgy. Manga, Madrid, Surigao del Sur (a) NAMRIA reference point
SS-101 (b) as recovered by the field team

Table 5. Table 5. Details of the recovered NAMRIA horizontal control point SRS-47 used as base station for the

LiDAR acquisition
Station Name SRS-47
Order of Accuracy 2nd
Relative Error (horizontal positioning) 1in 50,000
Geographic Coordinates, Latitude 9° 15’ 35.53566"
Philippine Reference of 1992 Datum Longitude 125° 58’ 53.39602"
(PRS 92) Ellipsoidal Height 5.36600 meters
_ Grid Coordinates, Easting 607846.421 meters
Philippine Transverse Mercator Zone 5 Northin 1024025.604 meters
(PTM Zone 5 PRS 92) g :
Geographic Coordinates, Latitude 9° 15’ 31.86566"” North
World Geodetic System 1984 Datum Longitude 125° 58’ 58.71761" East
(WGS 84) Ellipsoidal Height 74.61000 meters
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Table 6. Ground contrvol points used during LiDAR data acquisition

Date Surveyed Flight Number Mission Name Ground Control Points
5JULY 14 1664A 3BLK61A186A SS-158 and SRS-51
6 JULY 14 1666A 3BLK61ASB187A SS-158 and SRS-51
7JULY 14 1670A 3BLK61BSC188A SS-158 and SRS-51
8JULY 14 1674A 3BLK61CSD189A SS-158 and SRS-51
9JULY 14 1678A 3BLK61DSG190A SS-158 and SRS-51
29 JULY 14 1758A 3BLK61FGHKMSN210A SS-158 and SRS-51
30JULY 14 1762A 3BLK6INS211A SS-101 and SRS-47
31JULY 14 1766A 3BLK61INSO212A SS-101 and SRS-47

2.3 Flight Missions

Eight (8) missions were conducted to complete the LiDAR data acquisition in Tandag Floodplain, for a total
of thirty two hours and fifty one minutes (32+51) hours for RP-C9122. All missions were acquired using the
Aquarius LiDAR system. Table 7 shows the total area of actual coverage and the corresponding flying hours
per mission, while Table 8 presents the actual parameters used during the LiDAR data acquisition.

Table 7. Flight missions for LiDAR data acquisition in Tandag Floodplain

R S Area ; Flying Hours
. urveye
Date Flight Flight Surveyed Sflrv-eyed outside W2
Plan Area ,  Within the Images
Surveyed Number 5 Area (km?) . the
(km?) Floodplain . (Frames) .
(km?) Floodplain Hr  Min
(km?)
5JULY 14 1664A 68 31.10 1.94 29.16 365 1 59
6JULY 14 1666A 134.478 82.44 11.06 71.38 704 4 88
7 JULY 14 1670A 131.649 96.81 20.41 76.40 428 4 5
8JULY 14 1674A 115.94 93.17 5.70 87.47 393 4 23
9JULY 14 1678A 102.348 88.48 0.00 88.48 672 4 17
29 JULY 14 1758A 213.44 112.42 1.04 111.38 218 4 23
30 JULY 14 1762A 126 79.84 2.22 77.62 1175 4 5
31JLUY 14 1766A 211.18 69.84 0.00 69.84 991 4 11
TOTAL 1103.04 654.10 42.37 611.73 4946.00 32 51
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Table 8. Actual parameters used during LiDAR data acquisition

Flight Fijng PRE Scan Average Avera.ge

Number Height Overlap (%) FOV () (KHz2) Frequency Speed Tur‘n Time

(m AGL) (Hz) (kts) (Minutes)
1664A 500 25,50 36 50 45 120 5
1666A 500 60 36 50 45 120 5
1670A 600 60 36 50 45 120 5
1674A 600 60 36 50 45 120 5
1678A 600 60,65 36 50 45 120 5
1758A 600 70 36 50 45 120 5
1762A 600 50 36 50 45 120 5
1766A 500,600 50 36 50 45 120 5

2.4 Survey Coverage

Tandag Floodplain is located in Surigao del Sur. Municipalities of Bayabas and Cortes are mostly covered
by the survey. The list of municipalities and cities surveyed, with at least (1) square kilometer coverage,
is shown in Table 9. The actual coverage of the LiDAR acquisition for Tandag Floodplain is presented in
Figure 7.

Table 9. List of municipalites and cities surveyed during Tandag Floodplain LiDAR survey

Province Municipality/City Area fixt;:ri:i;)ality/ Su:\?:::a:r(f:nz) Percesr:‘travgeey:;Area
Bayabas 48.29 43.65 90%
Cortes 82.48 52.93 64%
Tago 293.49 139.27 47%
Tandag 392.39 106.38 27%
Surigao del Sur
San Miguel 410.02 67.66 17%
Cagwait 200.13 3291 16%
Lanuza 231.62 34.72 15%
Carmen 172.33 6.34 4%
Agusan del Sur Sibagat 640.31 2.42 1%
Total 2,471.06 486.28 19.68%
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Figure 7. Actual LiDAR data acquisition for Tandag Floodplain
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CHAPTER 3: LIDAR DATA PROCESSING FOR
TANDAG FLOODPLAIN

Engr. Ma. Rosario Concepcion O. Ang, Engr. John Louie D. Fabila, Engr. Sarah Jane D. Samalburo,
Engr. Joida F. Prieto, Engr. Elainne R. Lopez, Engr. Merven Mattew D. Natino, Engr. Irish R. Cortez,
Engr. Vincent Louise DL. Azucena, Engr. Jommer M. Medina, Myra Laika C. Estur

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

3.1 Overview of the LIDAR Data Pre-Processing

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

Using the elevation of points gathered in the field, the LiDAR-derived digital models were calibrated. Portions
of the river that were barely penetrated by the LiDAR system were replaced by the actual river geometry
measured from the field by the Data Validation and Bathymetry Component. LiDAR acquired temporally
were then mosaicked to completely cover the target river systems in the Philippines. Orthorectification of
images acquired simultaneously with the LiDAR data iwas 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 8.

[ Data Processing Component

l Y A 4

[ Trajectory Computation ] /—>[ Point Cloud Classification DEM Editing
¥ v A 4
[Point Cloud Georectiﬁcation] [Orthophoto Rectification ] [ DEM Mosaicking ]
¥ v
[ LIDAR Data Quality Checking ]—J [ DEM Calibration ]
v
Bathymetric Data
Integration

Figure 8. 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 Tandag Floodplain can be found in ANNEX 5. Missions
flown during the first, second, and third surveys conducted on July and August 2014 used the Airborne
LiDAR Terrain Mapper (ALTM™ Optech Inc.) Aquarius system over Surigao del Sur. The Data Acquisition
Component (DAC) transferred a total of 92.54 Gigabytes of Range data, 1.794 Gigabytes of POS data, 76.90
Megabytes of GPS base station data, and 320.88 Gigabytes of raw image data to the data server on July 23,
2014 for the first, August 14, 2014 for the second, and September 1, 2014 for the third survey. The Data
Pre-Processing Component (DPPC) verified the completeness of the transferred data. The whole dataset
for Tandag was fully transferred on September 1, 2014, as indicated on the data transfer sheets for Tandag
Floodplain.

3.3 Trajectory Computation

The Smoothed Performance Metric parameters of the computed trajectory for flight 1674A, one of the
Tandag flights, which is the North, East, and Down positions RMSE values are shown in Figure 9. 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 July 8, 2014 00:00 AM. The y-axis is the RMSE value for
that particular position.
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Figure 9. Smoothed Performance Metric parameters of a Tandag Flight 1674A

The time of flight was from 181800 seconds to 195500 seconds, which corresponds to morning of July 8,
2014. 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 time the POS system started computing for the position and
orientation of the aircraft. Redundant measurements from the POS system quickly minimized the RMSE
value of the positions. The periodic increase in RMSE values from an otherwise smoothly curving RMSE
values correspond to the turn-around period of the aircraft, when the aircraft makes a turn to start a new
flight line. Figure 9 shows that the North position RMSE peaks at 1.40 centimeters, the East position RMSE
peaks at 1. 80 centimeters, and the Down position RMSE peaks at 2.55 centimeters, which are within the
prescribed accuracies described in the methodology.
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Figure 10. Solution Status Parameters of Tandag Flight 1674A.

The Solution Status parameters of flight 1674A, one of the Tandag flights, which are the number of GPS
satellites, Positional Dilution of Precision (PDOP), and the GPS processing mode used, are shown in
Figure 10. 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 12. The PDOP value also did
not go above the value of 3, which indicates optimal GPS geometry. The processing mode stayed at the
value of 0 for majority of the survey with some peaks up to 1 attributed to the turns performed by the
aircraft. The value of 0 corresponds to a Fixed, Narrow-Lane mode, which is the optimum carrier-cycle
integer ambiguity resolution technique available for POSPAC MMS. All of the parameters adhered to the
accuracy requirements for optimal trajectory solutions, as indicated in the methodology. The computed
best estimated trajectory for all Tandag flights is shown in Figure 11.
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Figure 11. Best estimated trajectory of LiDAR missions conducted over Tandag Floodplain

3.4 LiDAR Point Cloud Computation

The produced LAS data contains 117 flight lines, with each flight line containing one channel, since the
Aquarius system contains one channel only. The summary of the self-calibration results obtained from
LiDAR processing in LIDAR Mapping Suite (LMS) software for all flights over Tandag Floodplain are given in
Table 10.

Table 10. Self-calibration results values for Tandag flights

Parameter Acceptable Value
Boresight Correction stdev

(<0.001degrees) 0.000668
IMU Attitude Correction Roll and Pitch Corrections stdev 0.000977
(<0.001degrees)

GPS Position Z-correction stdev

(<0.01meters) 0.0059

The optimum accuracy was obtained for all Tandag flights based on the computed standard deviations of
the corrections of the orientation parameters. Standard deviation values for individual blocks are available
in the ANNEX 5.

3.5 LiDAR Data Quality Checking

The boundary of the processed LiDAR data on top of a SAR Elevation Data over Tandag Floodplain is shown
in Figure 12. The map shows gaps in the LiDAR coverage that are attributed to cloud coverage.

15



LIDAR Surveys and Flood Mapping of Tandag River

| 3 fITAE

[ st i,
Dl.ll:l-mim

Elpugipn )
= H ] IE

[F= N

AL T hot] - |E
T
L ]
B LIS F i ot
-~ —
TELUTR LE AT ' TE AT R 1 35Tk [

Figure 12. Boundary of the processed LiDAR data over Tandag Floodplain

The total area covered by the Tandag missions is 416.59 sq km that is comprised of eight (8) flight
acquisitions grouped and merged into four (4) blocks as shown in Table 11.

Table 11. List of LiDAR blocks for Tandag Floodplain

LiDAR Blocks Flight Numbers Area (sq. km)
1664A

SurigaodelSur_BIk61A 91.35
1666A

SurigaodelSur_BIk61B 1670A 94.84
1674A

SurigaodelSur_BIk61CD 102.49
1678A
1758A

SurigaodelSur_BIk61N 1762A 127.91
1766A

TOTAL 416.59 sqg.kmsqg km

The overlap data for the merged LiDAR blocks, showing the number of channels that pass through a
particular location, is shown in Figure 13. Since the Aquarius system employs one channel only, an average
value of 1 (blue) would be expected for areas where there is limited overlap, and a value of 2 (yellow) or
more (red) for areas with three or more overlapping flight lines.
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Figure 13. Data overlap between missions and flight lines for Tandag Floodplain survey

The overlap statistics per block for the Tandag Floodplain can be found in ANNEX 8. It should be noted that
one pixel corresponds to 25.0 square meters on the ground. For this area, the minimum and maximum
percent overlaps are 47.47% and 68.11%, respectively, which passed the 25% requirement.

The pulse density map for the merged LiDAR data, with the red parts showing the portions of the data that
satisfy the 2 points per square meter criterion, is shown in Figure 14. It was determined that all LiDAR data
for Tandag Floodplain satisfy the point density requirement, and the average density for the entire survey
area is 4.07 points per square meter.
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Figure 14. Pulse density map of merged LiDAR data for Tandag Floodplain

The elevation difference between overlaps of adjacent flight lines is shown in Figure 15. 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 0.20 m 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 0.20 m relative to elevations of its adjacent flight line. Areas with bright red or bright blue
need to be investigated further using Quick Terrain Modeler software.

Figure 15. Elevation difference map between flight lines for Tandag Floodplain
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A screen capture of the processed LAS data from a Tandag flight 1674A loaded in QT Modeler is shown
in Figure 16. The upper left image shows the elevations of the points from two overlapping flight strips
traversed by the profile, illustrated by a dashed yellow line. The x-axis corresponds to the length of
the profile. It is evident that there are differences in elevation, but the differences do not exceed the
20-centimeter mark. This profiling was repeated until the quality of the LiDAR data becomes satisfactory.
No reprocessing was done for this LiDAR dataset.
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Figure 16. Quality checking for a Tandag flight 1674A using the Profile Tool of QT Modeler
3.6 LiDAR Point Cloud Classification and Rasterization

Table 12. Tandag classification results in TerraScan

Pertinent Class Total Number of Points
Ground 240,570,118
Low Vegetation 297,146,040
Medium Vegetation 401,725,924
High Vegetation 839,179,032
Building 52,923,874

The tile system that TerraScan employed for the LiDAR data and the final classification image for a block in
Tandag Floodplain is shown in Figure 17. A total of 622 1 km by 1 km tiles were produced. The number of
points classified to the pertinent categories is illustrated in Table 12. The point cloud has a maximum and
minimum height of 630.35 meters and 46.6 meters, respectively.
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(a)

Figure 17. Tiles for Tandag 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 18. The
ground points are in orange, the vegetation is in different shades of green, and the buildings are in cyan.
It can be seen that residential structures adjacent or even below canopy are classified correctly due to the
density of the LiDAR data.

Figure 18. Point cloud before (a) and after (b) classification.

The production of last return (V_ASCII) and the secondary (T_ ASCII) DTM, first (S_ ASCII) and last (D_ ASCII)
return DSM of the areain top view display are shown in Figure 19. It shows that DTMs are the representation
of the bare earth while on the DSMs, all features are present such as buildings and vegetation.
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Figure 19. The production of last return DSM (a) and DTM (b), first return DSM (c) and
secondary DTM (d) in some portion of Tandag Floodplain.
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3.7 LiDAR Image Processing and Orthophotograph Rectification

The 473 1 km by 1 km tiles area covered by Tandag Floodplain is shown in Figure 20. After tie point
selection to fix photo misalignments, color points were added to smoothen out visual inconsistencies
along the seamlines where photos overlap. The Tandag Floodplain attained a total of 268.21 sq km in
orthophotogaph coverage comprised of 3,380 images. A zoomed in version of sample orthophotographs
named in reference to its tile number is shown in Figure 21.
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Figure 21. Tandag Floodplain with available orthophotographs
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3.8 DEM Editing and Hydro-Correction
Four (4) mission blocks were processed for Tandag Floodplain. These blocks are composed of SurigaodelSur
blocks with a total area of 416.48 square kilometers. Table 13 shows the name and corresponding area of

each block in square kilometers.

Table 13. LiDAR blocks with their corresponding area

LiDAR Blocks Area (sq.km)
SurigaodelSur_BIk61A 91.35
SurigaodelSur_Blk61B 94.84

SurigaodelSur_BIk61CD 102.49
SurigaodelSur_BIk61N 127.91
TOTAL 416.59 sg.kmsqg km

Portions of DTM before and after manual editing are shown in Figure 22. Embankments of fishponds
(Figure22a) had been misclassified and removed during classification process and had to be retrieved
to complete the surface (Figure 22b) to allow the correct flow of water. The bridge (Figure 22c) was also
considered to be an impedance to the flow of water along the river and had to be removed (Figure 22d) in
order to hydrologically correct the river.

Figure 22. Portions in the DTM of Tandag Floodplain—embankments before (a) and after (b) data retrieval; and
a bridge before (c) and after (d) manual editing
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3.9 Mosaicking of Blocks

SurigaodelSur_BIk61CD was used as the reference block at the start of mosaicking because this block
contained national highway in which the validation surveys passed through this road.

Mosaicked LiDAR DTM for Tandag Floodplain is shown in Figure 23. It can be seen that the entire Tandag
Floodplain is 97.33% covered by LiDAR data.

Table 14. Shift values of each LiDAR Block of Tandag Floodplain

Shift Values (meters)
Mission Blocks

X Yy z
SurigaodelSur_BIk61B 0.00 0.00 0.06
SurigaodelSur_BIk61A 0.00 3.00 -1.11
SurigaodelSur_BIk61CD 0.00 0.00 0.00
SurigaodelSur_BIk61N 0.00 0.00 0.21
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Figure 23. Map of processed LiDAR Data for Tandag Floodplain
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3.10 Calibration and Validation of Mosaicked LiDAR Digital Elevation Model

CSU’s Field Survey Team (FST) in coordination with the Data Validation and Bathymetry Component (DVBC)
in Tandag conducted surveys to collect points for the LiDAR validation. However, the collected datasets
were not utilized because the mosaicked LIDAR DEM of Tandag was already calibrated using the datasets
of Tago (Figure 24). As such, the DEM of Tandag can already be considered as a calibrated DEM. A total
of 3,800 survey points were used for calibration and validation of Tago and Tandag LiDAR data. Eighty
percent of the survey points, which were randomly selected and resulting in 3,040 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 25. 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 0.75 meters
with a standard deviation of 0.17 meters. Calibration of Tago and Tandag LiDAR data was done by adding
the height difference value, 0.75 meters, to Tago and Tandag mosaicked LiDAR data. Table 15 shows the
statistical values of the compared elevation values between LiDAR data and calibration data.
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Figure 24. Map of Tandag Floodplain with validation survey points in green
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Figure 25. Correlation plot between calibration survey points and LiDAR data

Table 15. Calibration Statistical measures

Calibration Statistical Measures Value (meters)
Height Difference 0.75
Standard Deviation 0.17
Average 0.73
Minimum 0.39
Maximum 1.07

The remaining 20% of the total survey points, resulting in 760 points, were used for the validation of
calibrated Tandag 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 26. The
computed RMSE between the calibrated LiDAR DTM and validation elevation values is 0.17 meters with a
standard deviation of 0.17 meters, as shown in Table 16.
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Figure 26. Correlation plot between validation survey points and LiDAR data
Table 16. Validation statistical measures

Validation Statistical Measures Value (meters)
RMSE 0.17
Standard Deviation 0.17
Average -0.01
Minimum -0.35
Maximum 0.32
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3.11 Integration of Bathymetric Data into the LIDAR Digital Terrain Model

For bathy integration, centerline and zigzag data were available for Tandag with 21,296 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
was represented by the computed RMSE value of 0.20 meters. The extent of the bathymetric survey done
by the CSU’s Field Survey Team (FST) in coordination with Data Validation and Bathymetry Component
(DVBC) in Tandag integrated with the processed LiDAR DEM is shown in Figure 27.

1261 FrE
I

T
Fann

B EEEEEEEEEY]
Deyiwrwm

& Bty Sprewy
L0 Piod Pan Baunry PROJECTION : —mEEe e
it s Universal Transverse Mercator (UTM) Zone STN
MSL. Elevation (m) Warld Geodelic System (WGS) 1984 @ @
g £ 00X 0 20 40 B0 120 160 ; .

- e

Figure 27. Map of Tandag Floodplain with bathymetric survey points shown in blue

30



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

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

Tandag Floodplain, including its 200 m buffer, has a total area of 42.02 sq km. For this area, a total of 5.0
sq km, corresponding to a total of 2,250 building features, are considered for QC. Figure 28 shows the QC
blocks for Tandag Floodplain.
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Figure 28. Blocks (in blue) of Tandag building features subjected to QC

Quality checking of Tandag building features resulted in the ratings shown in Table 17.

Table 17. Quality Checking ratings for Tandag building features

Floodplain Completeness Correctness Quality Remarks

Tandag 96.05 99.56 80.09 PASSED

3.12.2 Height Extraction

Height extraction was done for 8,172 building features in Tandag Floodplain. Of these building features,
127 buildings were filtered out after height extraction, resulting in 8,045 buildings with height attributes.
The lowest building height is at 2.00 m, while the highest building is at 8.01 m.
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3.12.3 Feature Attribution

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

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

Table 18. Building features extracted for Tandag Floodplain

Facility Type No. of Features
Residential 7,858
School 81
Market 20
Agricultural/Agro-Industrial Facilities 0
Medical Institutions 2
Barangay Hall 1
Military Institution 0
Sports Center/Gymnasium/Covered Court 2
Telecommunication Facilities 0
Transport Terminal 7
Warehouse 2
Power Plant/Substation 7
NGO/CSO Offices 1
Police Station 3
Water Supply/Sewerage 0
Religious Institutions 8
Bank 1
Factory 0
Gas Station 2
Fire Station 0
Other Government Offices 25
Other Commercial Establishments 25
Total 8,045

Table 19. Total length of extracted roads for Tandag Floodplain.

Road Network Length (km)
City/

Floodplain Barangay Municipal Provincial National Road Others Total
Road Road Road
Tandag 9.89 13.28 54.83 6.22 1.56 85.78
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Table 20. Number of extracted water bodies for Tandag Floodplain

Water Body Type
Floodplai i Total
oodplain Rivers/ Lakes/Ponds Sea Dam Fish Pen o
Streams
Tandag 49 0 0 0 0 49

A total of 14 bridges and culverts over small channels that are part of the river network were also extracted
for the floodplain.

3.12.4 Final Quality Checking of Extracted Features

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

Figure 29 shows the Digital Surface Model (DSM) of Tandag Floodplain overlaid with its ground features.

1501 fa

Figure 29. Extracted features for Tandag Floodplain
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CHAPTER 4: LIDAR VALIDATION SURVEY AND
MEASUREMENTS IN THE TANDAG RIVER BASIN

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

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

4.1 Summary of Activities

Caraga State University conducted a field survey in Tandag River on February 17-20, 2016 with the following
scope of work: reconnaissance; control survey; cross-section survey of selected riverbed in Brgy. Mabuhay,
Tandag City; validation points acquisition of about 20.13 covering the Tandag River Basin; and bathymetric
survey from its upstream in Brgy. Maitum, Tandag City down to the mouth of the river located in the Brgy.
Bongtod Poblacion in the same City, with an approximate length of 9.799 km using Ohmex™ single-beam
echo sounder and South® S86T GNSS RTK survey technique (Figure 30).
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Figure 30. Extent of the bathymetric survey (in blue) in Tandag River and the data validation
survey (in red)
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The GNSS network used for Tandag River survey is composed of a single loop established on February 17,
2016 occupying the following reference points: SRS-72, a second-order GCP in Brgy. Pangi, Tandag City,
Surigao del Sur; and SS-148, a first-order BM in Brgy. San Agustin Norte, Tandag City, Surigao del Sur.

A control point was established on the New Tandag City Hall rooftop, namely CP, in Brgy. Awasian,

Tandag City, Surgao del Sur.

The summary of reference and control points is shown in Table 21, while the GNSS network established is
illustrated in Figure 31.
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Figure 31. GNSS network of Tandag River field survey

Table 21. List of references and control points occupied in Tandag survey (Source: NAMRIA; UP-TCAGP)

Geographic Coordinates (WGS UTM Zone 52N)
Control Order of Ellipsoid = Elevation
Point Accurac . . ; Date of
Y Latitude Longitude Height (MSL) .
Establishment
(m) (m)
SRS-72 2" order, GCP 9°06'14.68164" 126°09'27.58231" 70.74 - 2007
SS-148 1%t order, BM - - 71.6635 4.0972 2007
CP UP established - - - - Feb 17, 2016

The GNSS set-ups on recovered reference points and established control points in Tandag River are shown
in Figure 32 to Figure 34.
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AFRE

Figure 32. GNSS base receiver set-up, South® S86T, at SRS-72 in Brgy. Pangi, Tandag City,
Surigao del Sur

Figure 33. GNSS base receiver set-up, South® S86T, at SS-148 in Brgy. San Agustin Norte,
Tandag City, Surigao del Sur
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South® S86T

Figure 34. GNSS base receiver set-up, South® S86T, on T-1 on top of the New Tandag City Hall in
Brgy. Awasian, Tandag City

4.3 Network Adjustment

After the baseline processing procedure, network adjustment is was performed using TBC. Looking at
the Adjusted Grid Coordinates (Table 23) Table C-of the TBC generated Network Adjustment Report, it is
observed that the square root of the sum of the squares of x and y must be less than 20 cm and z less than
10 cm or in equation from:

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

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

for each control point. See the Network Adjustment Report shown in Table 23 to Table 26 for complete
details.

The three control points, SRS-72, SS-148, and CP were occupied and observed simultaneously to form a
GNSS loop. Coordinates of SRS-72; and elevation value of SS-148 were held fixed during the processing of
the control points as presented in Table 22. Through these reference points, the coordinates and elevation
of the unknown control points will were be computed.

Table 22. Control point constraints

Point ID Tvpe North East Height Elevation
yp (Meter) (Meter) (Meter) (Meter)
SRS-72 Global Fixed Fixed Fixed

Fixed = 0.000001 (Meter)
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The list of adjusted grid coordinates, i.e., Northing, Easting, Elevation, and computed standard errors of
the control points in the network, is indicated in Table 23. The fixed control NGW-50 has no values for and
elevation error yet.

Table 23. Adjusted grid coordinates

Easting Northin Northing Elevation Elevation
Point ID Easting (Meter) Error (Meter)g Error (Meter) Error Constraint
(Meter) (Meter) (Meter)
SRS-72 847139.511 ? 1007873.524 ? 2.430 ? LLh
SS-148 848377.990 0.001 1005661.772 0.001 3.523 0.003
Ccp 848409.987 0.001 1004465.146 0.001 11.783 0.003

With the mentioned equation, V((xe)? + (ve)? ) < 20 cm for horizontal and z. < 10 ¢cm for the vertical; , the
computation for the accuracy are as follows:

SRS-72
horizontal accuracy = Fixed
vertical accuracy = Fixed
SS-148
horizontal accuracy =v((0.1)? + (0.1)?
=V (0.1+0.1)
=0.45<20cm
vertical accuracy =0.3cm<10cm
CP
horizontal accuracy =v((0.1)? + (0.1)?
=v(0.1+0.1)
=0.45<20cm
vertical accuracy =0.3cm<10cm

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

Table 24. Adjusted geodetic coordinates

Height Height Error

Point ID Latitude Longitude (Meter) (Meter) Constraint
SRS-72 9°06'14.68164" 126°09'27.58231" 70.740 ? LLh
SS-148 9°05'02.42094" 126°10'07.46239" 71.664 0.003

CP 9°04'23.50705" 126°10'08.16708" 79.930 0.003

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

The summary of reference and control points used is indicated in Table 25.
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Table 25. Table 25. Reference and control points used and its location (Source: NAMRIA, UP-TCAGP)

Geographic Coordinates (WGS 84) UTM ZONE 51 N
Con.t rol Order of Accuracy Ellipsoid e BM
Point Latitude Longitude Height = Northing (m) (m) Ortho
(m) (m)

SRS-72 | 2™order, GCP  9°06'14.68164"  126°09'27.58231"  70.740 1007873.524 847139.511 3.005
SS5-148 1*order BM  9°05'02.42094" 126°10'07.46239" 71.664 1005661.772 848377.990 4.097
CP UP Established = 9°04'23.50705" 126°10'08.16708" @ 79.930 1004465.146 848409.987 12.358

4.4 Cross-section and Bridge As-built Survey

Cross-section and bridge as-built survey were conducted on March 2016 in Brgy. Mabuhay, Tandag City,
Surigao del Sur using the GNSS receiver South® S86T utilizing GNSS RTK survey technique.

The cross-section line of Tandag River is about 364.62 m with 161 points acquired using CP as GNSS
base station. The location map and its cross-section diagram are illustrated in Figure 35 and Figure 36,
respectively.
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Figure 35. Tandag River cross-section location map
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Figure 36. C-section diagram of Tandag River

4.5 Validation Points Acquisition Survey

A validation points acquisition survey was conducted on February 18, 2016 using a survey GNSS rover
receiver South® S86T mounted on a pole, which was attached in front of the vehicle as shown in Figure
37. It was secured with a steel rod and tied with cable ties to ensure that it was horizontally and vertically
balanced. Points were gathered along concrete roads of national highway so that data to be acquired
would have a relatively minimal change in elevation and observing vehicle speed of 10 to 20 kph. Cutting
across the flight strips of the Data Acquisition Component (DAC) with the aid of available topographic maps
and Google Earth™ images. Gathered data were processed using Trimble® Business Center Software.

The GNSS base station set-up over CP gathered validation points from Brgy. Maitum to Bongtod Poblacion,
Tandag City; and from Brgy. San Agustin, Norte down to Brgy. Victoria in Municipality of Tago. The ground
validation line is approximately 20.13 km in length with 4,974 points. Figure 38 shows the ground validation

survey result.
gf! E ' South® S86T
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Figure 37. GNSS Receiver South® S86T installed on a vehicle for ground validation survey

40



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

In addition to ground validation survey, LiDAR Aquarius validation survey was done on March 8 to 11, 2016
along the coastal areas of Municipality of San Agustin. South™ Echo Sounder integrated with a roving GNSS
receiver, South® S86T, installed on a boat utilizing RTK survey technique was used for the survey.

A total of 5,428 points were acquired with an approximate length of 14.71 km occupying T-1 as the GNSS
base station. Figure 38 shows the ground and Aquarius validation survey result.
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Figure 38. Validation points acquisition survey for Tandag River survey
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4.6 River Bathymetric Survey

Bathymetric survey was executed on February 17, 2016 using South™ Echo Sounder integrated with
a roving GNSS receiver, South® S86T, installed on a boat utilizing RTK survey technique as shown in
Figure 39. The survey began in the upstream part of the river in Brgy. Maitum, Tandag with coordinates
7d37’15.50282” 127d33'09.87045”, down to the mouth of the river in Brgy. Mabua, Tandag City with
coordinates 7d41'29.15854” 127d34°04.73958”.

South® S86T

s

Figure 39. Set up of bathymetric survey in Tandag River

The bathymetric line is approximately 9.799 km in length with 21,296 points acquired using CP as GNSS
base station covering eleven barangays in Tandag City as shown in Figure 40. A CAD drawing of the
centerline riverbed profile was also produced as shown in Figure 41. The lowest elevation was -17.94 m
(below MSL) located in the mouth of the river; and the highest was 2.526 m in MSL. Both were recorded
in Brgy. Pandanon.

Additional Aquarius validation survey was executed covering the shoreline of Tandag City in Tandag as
shown in Figure 40.
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Figure 40. Bathymetric and Aquarius validation points gathered for Tandag River
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Tandag Riverbed Profile
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Figure 41. Riverbed profile of Tandag River
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CHAPTER 5: FLOOD MODELING AND MAPPING

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

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

5.1 Data Used for Hydrologic Modeling

5.1.1 Hydrometry and Rating Curves

Rainfall, water level, and flow in a certain period of time, which may affect the hydrologic cycle of the river
basin, were monitored, collected, and analyzed.

5.1.2 Precipitation

Precipitation data was taken from one automatic rain gauge (ARG) installed by the Department of Science
and Technology — Advanced Science and Technology Institute (DOST-ASTI). This is the Awasian ARG which
is being installed in the City of Tandag. The location of the rain gauge is shown in Figure 42.

Total rain recorded from Awasian rain gauge from 10 February 2015 17:00 to 23 February 2015 15:20 is
142.8 mm. It peaked to 8.2 mm on 13 February 2015 22:10. The lag time between the peak rainfall and its
corresponding peak discharge at Pandanon Station is 14 hours.

s
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Figure 42. Location map of rain gauge used for the calibration of the Tandag HEC-HMS model
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5.1.3 Rating Curves and River Outflow

A rating curve was developed at Pandanon, Tandag City, Surigao del Sur (9°03’4.67”N, 126°08'2.32"E). It
gives the relationship between the observed water levels from the Pandanon and outflow of the watershed
at this location.

For Pandanon station, the rating curve is expressed as Q = (6E-11) H®?¥ as shown in Figure 43.
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Figure 43. Rating Curve at Pandanon, Tandag City, Surigao del Sur

The river outflow measured at Pandanon (Figure 44) was utilized for the calibration of the HEC-HMS model.
Peak discharge is 57.166 cubic meter per second (cms) at 12:10 PM, February 14, 2015.

Pandanon Hydrometry
- A L S M L] i RS
» 70 I _l I - 5
Eaw | e L
E —
W
2 I 201 544 1T 02 HNS Ok }i::ﬁnﬂ::] 2102 M5 o1 502 M5 a1m

Figure 44. Rainfall at Awasian ARG and outflow data at Pandanon used for modeling.
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5.2 RIDF Station

The Philippines Atmospheric Geophysical and Astronomical Services Administration (PAGASA) computed
Rainfall Intensity Duration Frequency (RIDF) values for the Hinatuan Rain Gauge. This station was chosen
based on its proximity to the Tandag watershed. The extreme values for this watershed were computed
based on a 42-year record.

Table 26. RIDF values for Hinatuan Rain Gauge computed by PAGASA

Computed Extreme Values (in mm) Of Precipitation

T (yrs) 10 mins 20 mins 30 mins 1hr 2 hrs 3 hrs 6 hrs 12 hrs 24 hrs
5 31.9 47.8 60.4 82.8 116.9 141.9 190.6 230.6 276.5
10 36.9 55.5 70.2 96.6 137.5 167.2 228.9 274.4 326.5
25 43.3 65.3 82.7 114.2 163.5 199.1 277.3 329.8 389.7
50 48.1 72.5 92 127.2 182.8 222.8 313.2 370.9 436.6
100 52.8 79.7 101.2 140.1 202 246.3 348.8 411.7 483.1
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Figure 45. Location of Baguio RIDF Station relative to Aringay River Basin
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Figure 46. Figure 46. Hinatuan RIDF curves
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The soil dataset (dated 2004) was obtained from the Department of Agriculture — Bureau of Soils and
Water Management (DA-BSWM). The land cover dataset was from the National Mapping and Resource

Information Authority (NAMRIA).
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Figure 47. Soil map of the Tandag River Basin used for the estimation of the CN parametern
(Source: Department of Agriculture — Bureau of Soil and Water Management)
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Figure 48. Land cover map of the Tandag River Basin used for the estimation of the CN and

watershed lag parameters of the rainfall-runoff model
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Figure 49. Figure 49. Slope map of Tandag River Basin
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Figure 50. Land cover map of the Tandag River Basin used for the estimation of the CN and
watershed lag parameters of the rainfall-runoff model
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The Tandag basin model consists of 50 subbasins, 25 reaches and 26 junctions. This basin model is
illustrated in Figure 51. The basins were identified based on the delineation using the 10 meter SAR DEM.
Precipitation was taken from DOST rain gauges. Finally, it was calibrated using data gathered through
hydrological measurement at Pandanon station as shown Figure 51.
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Figure 51. Tandag River Basin model generated using HEC-HMS
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5.4 Cross-section Data

HEC-RAS model was developed by first creating geometric representations of the rivers and the floodplains.
Those geometries are the river centerlines, banks, flow paths, cross-sections and the floodplain domain.
River centerlines, banks, and flow paths should be digitized from upstream to downstream direction and
the cross-section lines should be from left to right direction when facing downstream. The cross-section
lines should also be created in a manner that it will always be perpendicular to all flow directions within
the floodplain domain. For Tandag River Basin, there were a total of 18 reaches and 824 cross-section lines
as shown in Figure 52.
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Figure 52. River cross-section of Tandag River generated through Arcmap HEC GeoRAS tool
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5.5 Flo 2D Model
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Figure 53. Screenshot of subcatchment with the computational area to be modeled in Flo 2D GDS Pro
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5.6 Results of HMS Calibration

After calibrating the Tandag HEC-HMS river basin model, its accuracy was measured against the observed
values. Figure 54 shows the comparison between the two discharge data.
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Figure 54. Outflow hydrograph of Pandanon produced by the HEC-HMS model compared
with observed outflow

Table 27. Range of calibrated values for Tandag

Hydrologic Calculation Range of
Element Type Risthed Parameter Calibrated Values
Initial Abstraction (mm) 1.01-20.61
Loss SCS Curve number Curve Number 83.01-92.35
Impervious (%) 0-61.03
Basin Time of Concentration (HR 0.1717-2.789
Transform Clark Unit Hydrograph
Storage Coefficient (HR) 0.1685-8.5672
Recession Constant 1
Baseflow Recession
Ratio to Peak 0.05-0.0758
Reach Routing Muskingum-Cunge Manning's Coefficient 0.05

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 1.01 to 20.61
mm means that there is minimal to average amount of infiltration or rainfall interception by vegetation.

Curve number is the estimate of the precipitation excess of soil cover, land use, and antecedent moisture.
The magnitude of the outflow hydrograph increases as curve number increases. The range of 83 to 92 for
curve number is within the advisable value for Philippine watersheds depending on the soil and land cover
of the area (M. Horritt, personal communication, 2012).

Time of concentration and storage coefficient are the travel time and index of temporary storage of runoff
in a watershed. The range of calibrated values 0.17 to 2.79 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 and ratio to peak is the
ratio of the baseflow discharge to the peak discharge. Recession constant of 1 indicates that the basin is
unlikely to quickly go back to its original discharge and instead, will be higher. Ratio to peak of 0.05 to 0.08
indicates a steeper receding limb of the outflow hydrograph.

Manning’s roughness coefficient of 0.05 corresponds to the common roughness in Malinao Inlet, which is
determined to be cultivated with mature field crops (Brunner, 2010).

Table 28. Summary of the efficiency test of Tandag HMS Model

r? 0.9427
NSE 0.84
PBIAS -22.17
RSR 0.40

The Root Mean Square Error (RMSE) method aggregates the individual differences of these two
measurements. It was identified to be 2.4214 m3/s.

The Pearson correlation coefficient (r?) assesses the strength of the linear relationship between the
observations and the model. A value 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 0.9562.

The Nash-Sutcliffe (E) method was also used to assess the predictive power of the model, with E = 1 being
the optimal value. The model attained an efficiency coefficient of 0.9550.

A positive Percent Bias (PBIAS) indicates a model’s propensity towards under-prediction. Negative values
indicate bias towards over-prediction. The optimal value is 0. In the model, the PBIAS is -0.1623.

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 0.2122.

5.7 Calculated Outflow hydrographs and Discharge Values for different Rainfall
Return Periods

5.7.1 Hydrograph using the Rainfall Runoft Model

The summary graph (Figure 55) shows the Tandag outflow using the Hinatuan RIDF in 5 different return
periods (5-year, 10-year, 25-year, 50-year, and 100-year rainfall time series) based on the PAGASA data. The
simulation results reveal significant increase in outflow magnitude as the rainfall intensity increases for a
range of durations and return periods.
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Pandanon Outflow using Hinatuan Rainfall Intensity
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Figure 55. Outflow hydrograph at Tandag Station generated using the Hinatuan RIDF
simulated in HEC-HMS

A summary of the total precipitation, peak rainfall, peak outflow, and time to peak of the Pandanon
discharge using the Hinatuan RIDF in six different return periods is shown in Table 29.

Table 29. Peak outflows of the Tandag HEC-HMS model at Pandanon using the Hinatuan RIDE

RIDE Period Total P(r;:;p)itation Pea(k n:'::r)\fall Pea(k n:;;i;f)low Time to Peak
5-Year 276.46 27.68 1,044.35 2 hours and 40 minutes
10-Year 326.45 32.16 1,277.48 2 hours and 30 minutes
25-Year 389.64 37.77 1,572.25 2 hours and 20 minutes
50-Year 436.53 41.94 1,790.56 2 hours and 10 minutes

100-Year 483.02 46.07 2,006.95 2 hours and 10 minutes
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5.8 River Analysis Model Simulation

The HEC-RAS flood model produced a simulated water level at every cross-section for every time step for
every flood simulation created. The resulting model will be used in determining the flooded areas within
the model. The simulated model will be an integral part in determining real-time flood inundation extent
of the river after it has been automated and uploaded on the DREAM website. The sample generated map
of Tandag River using the calibrated HMS flow of Typhoon Agaton is shown in Figure 56.
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Figure 56. Flood depth and extent at Tandag River Basin during typhoon “Agaton”
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5.9 Flood Hazard and Flow Depth Map

The resulting hazard and flow depth maps for the 100-, 25-, and 5-year rain return scenarios of the Malinao
Inlet floodplain are shown in Figure 57 to Figure 62. The floodplain, with an area of 30.67 sq km., covers
two municipalites namel Tago and Tandag. Table 30 shows the percentage of area affected by flooding per
municipality.

Table 30. Municipalities affected in Tandag Floodplain

Municipality Total Area Area Flooded % Flooded
Tago 293.4891 0.066304 0.02%
Tandag City 392.3874 30.53848 7.78%
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Figure 57. 100-year flood hazard Map for Tandag Floodplain
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Figure 58.100-year flow depth map for Tandag Floodplain
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Figure 59. 25-year flood hazard map for Tandag Floodplain
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Figure 60. 25-year flow depth map for Tandag Floodplain
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Figure 61. 5-year flood hazard map for Tandag Floodplain
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Figure 62. 5-year flow depth map for Tandag Floodplain
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5.10 Inventory of Areas Exposed to Flooding

Affected barangays in the Tandag River Basin, grouped by municipality, are listed below. For the said basin,
two municipalities consisting of 16 barangays are expected to experience flooding when subjected to
5-year rainfall return period.

For the 5-year return period, 0.02% of the municipality of Tago with an area of 321.22 sq km will experience
flood levels of less 0.20 meters; 0.0006% of the area will experience flood levels of 0.21 to 0.50 meters;
while 0.0002% and 0.0000003% of the area will experience flood depths of 0.51 to 1 meter and 1.01 to
2 meters, respectively. Listed in Table 31 are the affected areas in square kilometers by flood depth per
barangay.

Table 31. Affected areas in Tago, Surigao del Norte during a 5-year rainfall return period

Area of affected barangays in

Affected Area Tago (in sq km.)
(sq. km.) by flood
depth (in m.) Dayo-An
0.03-0.20 0.064
0.21-0.50 0.002
0.51-1.00 0.0007
1.01-2.00 1E-06
2.01-5.00 0
>5.00 0
. - HAood
£ onws Daprth [rm)
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E _— B 20154
= o 1M1-24m
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B ; . 071350
Dayn-An
Barangays

Figure 63. Affected areas in Tago, Surigao del Norte during a 5-year rainfall return period
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For the city of Tandag, with an area of 181.51 sq km, 9.54% will experience flood levels of less 0.20 meters;
1.07% of the area will experience flood levels of 0.21 to 0.50 meters; while 1.51%, 2.6%, 1.9%, and 0.26%
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 Table 32 and Table 33 are the affected areas in square kilometers by
flood depth per barangay.

Table 32. Affected areas in Tandag City, Surigao del Norte during a 5-year rainfall return period

Affected Area of affected barangays in Tandag City (in sq. kmsq km.)
Area (sq.
km.) by
flood . Bagong . Bongtod . .
depth Awasian e Bioto Poblacion Dagocdoc Mabua Maitum  Maticdum
(inm.)
0.03-0.20 4.89 0.22 0.57 0.36 0.16 0.58 0.027 1.64
0.21-0.50 0.46 0.027 0.16 0.018 0.02 0.12 0.0006 0.3
0.51-1.00 0.79 0.0066 0.44 0.0001 0.0042 0.023 0.0013 0.29
1.01-2.00 1.56 0 1.03 0 0.0039 0.016 0.0072 0.24
2.01-5.00 0.22 0 0.51 0 0 0 0.065 0.065
>5.00 0.00016 0 0.17 0 0 0 0.011 0

Table 33. Affected areas in Tandag City, Surigao del Norte during a 5-year rainfall return period

Affected Area of affected barangays in Tandag City (in sq. kmsq km.)
Area (sq.
km.) by
flood San Agustin  San Agustin . .
depth Pandanon Quezon Norte Sur San Isidro San Jose Telaje
(inm.)
0.03-0.20 1.82 0.4 0.58 0.26 3.39 0.38 2.03
0.21-0.50 0.079 0.11 0.091 0.056 0.26 0.018 0.23
0.51-1.00 0.074 0.44 0.12 0.057 0.28 0.037 0.17
1.01-2.00 0.18 0.63 0.18 0.032 0.5 0.11 0.21
2.01-5.00 0.59 0.69 0.036 0.051 0.9 0.23 0.084
>5.00 0.12 0.12 0 0.014 0.021 0 0.0085
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Figure 64. Affected areas in Tandag City, Surigao del Norte during a 5-year rainfall return period

For the 25-year return period, 0.02% of the municipality of Tago with an area of 321.22 sq km will
experience flood levels of less 0.20 meters; 0.0006% of the area will experience flood levels of 0.21 to 0.50
meters; while 0.0003% and 0.0006% of the area will experience flood depths of 0.51 to 1 meter and 1.01
to 2 meters, respectively. Listed in Table 34 are the affected areas in square kilometers by flood depth per
barangay.

Table 34. Table 34. Affected areas in Tago, Surigao del Norte during a 25-year rainfall return period

Area of affected barangays in

Affected Area Tago (in sq km.)
(sq. km.) by flood

depth (in m.) Dayo-An
0.03-0.20 0.063
0.21-0.50 0.002
0.51-1.00 0.0009
1.01-2.00 0.0002
2.01-5.00 0

>5.00 0

69



LIDAR Surveys and Flood Mapping of Tandag River

Affoctsd Aren [sg. km.)

Deryo-An
Barangeys

Figure 65. Affected areas in Tago, Surigao del Norte during a 25-year rainfall return period

For the city of Tandag, with an area of 181.51 sq km, 8.98% will experience flood levels of less 0.20 meters;
0.83% of the area will experience flood levels of 0.21 to 0.50 meters; while 0.99%, 2.54%, 3.17%, and 0.36%
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 Table 35 and Table 36 are the affected areas in square kilometers by
flood depth per barangay.

Table 35. Affected areas in Tandag City, Surigao del Norte during a 25-year rainfall return period

Affected Area of affected barangays in Tandag City (in sq. kmsq km.)
Area (sq.
km.) by
flood . Bagong . Bongtod . ]
depth Awasian e Bioto Poblacion Dagocdoc Mabua Maitum  Maticdum
(inm.)
0.03-0.20 4.7 0.21 0.45 0.35 0.15 0.52 0.024 1.53
0.21-0.50 0.28 0.04 0.062 0.027 0.023 0.15 0.00068 0.22
0.51-1.00 0.39 0.0087 0.18 0.0004 0.0058 0.037 0.0007 0.32
1.01-2.00 1.58 0 0.95 0 0.0049 0.025 0.0026 0.27
2.01-5.00 0.97 0 1.01 0 0.0008 0 0.053 0.19
>5.00 0.0011 0 0.21 0 0 0 0.031 0.0001
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Table 36. Affected areas in Tandag City, Surigao del Norte during a 25-year rainfall return period

Affected Area of affected barangays in Tandag City (in sq. kmsq km.)
Area (sq.
km.) by
flood San Agustin  San Agustin . .
depth Pandanon Quezon Norte Sur San Isidro San Jose Telaje
(inm.)
0.03-0.20 1.77 0.34 0.5 0.15 3.3 0.37 1.9
0.21-0.50 0.071 0.036 0.062 0.057 0.2 0.016 0.25
0.51-1.00 0.061 0.14 0.11 0.073 0.26 0.019 0.2
1.01-2.00 0.085 0.71 0.22 0.099 0.41 0.077 0.18
2.01-5.00 0.68 1.03 0.12 0.055 1.15 0.3 0.19
>5.00 0.19 0.14 0 0.034 0.021 0 0.02
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Figure 66. Affected areas in Tandag City, Surigao del Norte during a 25-year rainfall return period

For the 100-year return period, 0.02% of the municipality of Tago with an area of 321.22 sq km will
experience flood levels of less 0.20 meters; 0.0006% of the area will experience flood levels of 0.21 to 0.50
meters while 0.0003% and 0.0006% of the area will experience flood depths of 0.51 to 1 meter and 1.01
to 2 meters, respectively. Listed in Table 37 are the affected areas in square kilometers by flood depth per
barangay.
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Table 37. Affected areas in Tago, Surigao del Norte during a 100-year rainfall return period

Area of affected barangays in

Affected Area Tago (in sq km.)
(sg. km.) by flood .
depth (in m.) Dayo-An
0.03-0.20 0.063
0.21-0.50 0.002
0.51-1.00 0.0009
1.01-2.00 0.0002
2.01-5.00 0
>5.00 0
DUINFIS
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Figure 67. Affected areas in Tago, Surigao del Norte during a 100-year rainfall return period

For the city of Tandag, with an area of 181.51 sq km, 8.7% will experience flood levels of less 0.20 meters;
0.78% of the area will experience flood levels of 0.21 to 0.50 meters; while 0.81%, 1.97%, 4.06%, and 0.55%
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 Table 38 and Table 39 are the affected areas in square kilometers by
flood depth per barangay.
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Table 38. Affected areas in Tandag City, Surigao del Norte during a 100-year rainfall return period

Affected Area of affected barangays in Tandag City (in sq. kmsq km.)
Area (sq.
km.) by B s d
flood Awasian agong Bioto ongto Dagocdoc  Mabua Maitum  Maticdum
depth Lungsod Poblacion
(inm.)
0.03-0.20 4.62 0.19 0.43 0.35 0.14 0.49 0.022 1.48
0.21-0.50 0.24 0.048 0.038 0.034 0.031 0.18 0.0005 0.19
0.51-1.00 0.27 0.01 0.089 0.0007 0.0068 0.048 0.00057 0.28
1.01-2.00 1.1 0.0001 0.67 0 0.0054 0.027 0.0017 0.31
2.01-5.00 1.69 0 1.42 0 0.0021 0.0006 0.016 0.27
>5.00 0.0012 0 0.23 0 0 0 0.072 0.0001

Table 39. Affected areas in Tandag City, Surigao del Norte during a 100-year rainfall return period

Affected Area of affected barangays in Tandag City (in sq. kmsq km.)
Area (sq.
km.) by San A T .
flood Pandanon Quezon an Agustin | San Agustin | o\ idre San Jose Telaje
depth Norte Sur
(inm.)
0.03-0.20 1.73 0.33 0.45 0.12 3.24 0.37 1.82
0.21-0.50 0.069 0.018 0.076 0.038 0.18 0.014 0.26
0.51-1.00 0.059 0.06 0.076 0.077 0.25 0.018 0.21
1.01-2.00 0.068 0.48 0.22 0.11 0.35 0.049 0.19
2.01-5.00 0.51 1.31 0.19 0.087 13 0.34 0.24
>5.00 0.42 0.19 0 0.044 0.022 0 0.024
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Figure 68. Affected areas in Tandag City, Surigao del Norte during a 100-year rainfall return period
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Among the barangays in the municipality of Tago, Dayo-an is projected to have the highest percentage of
area that will experience flood levels at 0.02%.

Among the barangays in the city of Tandag, Awasian is projected to have the highest percentage of area
that will experience flood levels at 4.37%. Meanwhile, San Isidro posted the second highest percentage of
area that may be affected by flood depths at 2.95%.

Moreover, the generated flood hazard maps for the Tandag Floodplain were used to assess the vulnerability
of the educational and medical institutions in the floodplain. Using the flood depth units of PAGASA
for hazard maps—"“Low,” “Medium,” and “High”—the affected institutions were given their individual
assessment for each flood hazard scenario (5-year, 25-year, and 100-year).

Table 40. Area covered by each warning level with respect to the rainfall scenario

. Area Covered in sq. km
Warning Level

5 year 25 year 100 year
Low 1.96 4.49 1.4
Medium 5.4 3.91 2.93
High 6.03 9.02 10.6
TOTAL 13.39 17.42 14.93

Of the 22 identified educational institutions in the Tandag Floodplain, two schools were assessed to be
exposed to low-level flooding during a 5-year scenario; 5 from schools were exposed to medium-level
flooding; and one, the Jacinto P. Elpa National High School, is exposed to high-level flooding. The same
number of buildings is exposed to flooding for the 25-year and 100-year scenarios. See ANNEX 12 for a
detailed enumeration of schools in the Tandag Floodplain.

Meanwhile, the two medical institutions in the Tandag Floodplain are not found to be exposed to any of
the flooding scenarios. See ANNEX 13 for a detailed enumeration of hospitals and clinics in the Tandag
Floodplain.

Table 41. Area covered by each warning level with respect to the rainfall scenario

. Area Covered in sq. km
Warning Level

5 year 25 year 100 year
Low 1.95 1.49 1.40
Medium 5.38 3.90 2.92
High 6.02 9.00 10.57
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5.11 Flood Validation

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

From the Flood Depth maps produced by Phil-LiDAR 1 Program, multiple points representing the different
flood depths for different scenarios are 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 by contacting a local DRRM office to
obtain maps or situation reports about the past flooding events or by interviewing some residents with
knowledge of or have had experienced flooding in a particular area.

After which, the actual data from the field were compared to the simulated data to assess the accuracy of
the flood depth maps produced and to improve on what is needed.

The flood validation consists of 606 points randomly selected all over the Tandag Floodplain. It has an
RMSE value of 1.9242.
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Figure 69. Affected areas in Tandag City, Surigao del Norte during a 100-year rainfall return period
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Figure 70. Flood map depth vs. actual flood depth

Table 42. Actual flood depth vs. simulated flood depth in Tandag

HINATUAN MODELED FLOOD DEPTH (m)

RIVER BASIN 0-0.20 0.21-0.50  0.51-1.00  1.01-2.00  2.01-5.00 >5.00 Total
_ 0020 157 32 43 24 0 0 256
:E— 0.21-0.50 21 7 18 16 0 0 62
§ 0.51-1.00 42 29 16 21 0 0 108
T 1.01-2.00 41 26 27 16 0 0 110
E 2.01-5.00 12 8 22 25 0 0 67
g >5.00 0 0 0 0 0 0 0

Total 273 102 126 102 0 0 603

The overall accuracy generated by the flood model is estimated at 32.50% with 196 points correctly
matching the actual flood depths. In addition, there were 144 points estimated one level above and below
the correct flood depths while there were 149 points and 85 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 253 points were underestimated in the modeled flood depths of Tandag.

Table 43. Summary of accuracy assessment in Tandag

No. of Points %
Correct 196 32.50
Overestimated 154 25.54
Underestimated 253 41.96
Total 603 100.00
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ANNEX

ANNEX 1. Technical Specifications of the LiDAR Sensors used in the Malaking Ilog Floodplain Survey
Table A-1.1 Technical Specifications of the LiDAR Sensors used in the Malaking llog Floodplain Survey

Parameter

Parameter

Operational altitude

Laser pulse repetition rate

Scan rate

Scan half-angle

Laser footprint on water surface
Depth range

Topographic mode

Operational altitiude

Range Capture

Intensity capture

Position and orientation system

Data Storage

Power

Image capture

Full waveform capture
Dimensions and weight

Operating temperature
Relative humidity

Specification

Specification

300-600 m AGL

33, 50. 70 kHz

0-70 Hz

Oto £25°

30-60 cm

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

300-2500
Up to 4 range measurements, including 1%, 2", 37, and last returns
12-bit dynamic measurement range

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

Ruggedized removable SSD hard disk (SATA 111)

28,900 W, 35 A

5 MP interline camera (standard); 60 MP full frame (optional)
12-bit Optech IWD-2 Intelligent Waveform Digitizer (optional)

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

0-35°C
0-95% no-condensing
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ANNEX 2. NAMRIA Certificates of Reference Points Used in the LiDAR Survey
Table A- 2.1 NAMRIA Certificates of Reference Points used in the LiDAR Survey
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ANNEX 3. Baseline Processing Reports of Control Points Used in the
LiDAR Survey

Table A-3.1 Baseline Processing Reports of Control Points Used in the LiDAR Survey
Ss-101

IProject information Coordinade Sysbam

Hamie: Fesma: LT

Gz Drrtum: PRS &2

W i ied: 222 44619 PM (UTC:-BY Zone: £1 Morth (123E)
[Tinee= Zome: Maouniain SRandard Time Ciegid EGMPH
Rederence number Werlical datum

Ceacripion

Baseline Processing Repart

Processing Summary
Cbsarvation Fircan Ta Spluton TyDa H. Prac. V. Prac. Gaodebc Elipzad LHwght
[Weder) Meder] Ar. st Mleder)
(Mabar)
|3FIE--1-T" — BFSS- | SRI3-47 BRES-104 Fined .62 0.003 | 1855E2I°  FII2 852 23T
10 (B1)
nce SUmma
Processed Passed Flag = Fail =
1 1 L] L]
SRS-47 - BMSS-1017 (8:09:33 AM-11:14:27 AM) (S1)
Baseline absermatan: GRE4T --- BMES-104 (81)
Processed S04 41050 FMW
S lulicn typs: Fimed
Freguancy usad Dual Frequancy (L1, L¥)
Horizorial pracision: 0.0:03 mn
Yerboal precesen: 0,008 m
RS 0.004 m
M i s PO 4504
Enhsemerts used: Bnoadcast
Anibenna model Trimbke Rslative
Processing start fima: TI0Z01q 8:09:33 AM {Lacal: UTC+8hr)
Proces=smg stop trme: FrA02014 11:14:27 AM |Local: UTC+Bhr)
Processeg duraborc 030454
Processing infereal 1 second
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WEchor Components (Mark to Mark)
Fram SRS-4T
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Elewatan 50903 m Heighd 5366 m| Height 74 5610 m
Tu-cEIn'IEEHI:-'I—
Qrid Local Cilokal
Eailing BIRIOR 438 m Ladiiuche B9™1L'21 EBOSE" Latiuda M5" 13" 8 Z1+655"
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Wediar
AEasting 506171 m N3 Fad Azmuth TES5EED" AN G743 m
AMNorthing -Z280 045 m Elegsaid Dist 2332 652 m AY =36 300
A levatian 2873 m AHakght 85T m AF -2X52.351 m
Standard Emrors
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o AEastng 0009 m o NE fwd O.amuth D"o0h00" o OX T3 m
o AMorthirsg 0.001 m o Ellpsaid Dhst. 00049 m o AY 000
o AF evalion 0065 m o AHeght 0.0:05 m = AF 000
Apesterion Covariance Matrix (Melar®)
K T z
O.CO0G0ES1 85
10000104183 (D000 43342
-0.00O0CDI08 T D000 ZETEE 0.0DCO0 12148
Occupations
From Tao
Point ID SRS-4T BMSS-101
Data file: C:lUsers\Francis\DocumentsiBusiness Cl\WUsersiFrancis'Documents\Business
Center - HCEWnnamed\5R.547 (Modular) 7 | Center - HCEWnnamed\BM35101 (Rover)
-30-14 [1.748m].T02 7-30-14 [1.768m].TO2
Receiver type SFPsS852 SPS985
Receiver serial number: 5203K81512 5245F 15374

Anfenna type:

Zephyr Geodetic 2

SP5985 Internal

Antenna serial number;

Antenna height (measured):

1.748 m

1.665 m

Anfenna method:

Bottom of notch

Bottom of antenna mount

Tracking Summary



Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)
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Vierioal precielon: 0.2 m
RMS: 0.00% m
Maxdmum PDOP: 2.8a2
Ephamaris used: Beoadcas
Antenna model: Trimble Felagve
Proosssing shar time: TIZRAIT4 §:24:57 AM [Local: UTCAEhr)
Proosssing stop Smec TIZBR0N4 208:07 PM (Local: UTCAShr)
Proosssing durstion: D443 10
Processing interval; 1 second
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VYecior Componants (Mark to Mark)
From: ZRE51
Grid Local Gichal
Easting BAGE21 372 m Lalitude METEE 4. 14956 Lalitude ME"5S"10.506TE"
Morthing G54E72.010 m Lomghsde E135°09706. 834 15° Lomglhade E126 0" 2 1TEa3
BElwvaion 5763 m Helght 4870 m Helght T42¥m
BMZ5-158
Grid Local Gichal

Eanting B50353 357 m Lalitude RETD1E3 202047 | alitude ME"01" 38 F0AAT"
Horthing 989401.438 m Longlhude E136"11"10018074" Lomglhude E126"11"15.530%%
Blevaion 4177 m Halght 1.842 m Helght 72.000 m
Viacter
| AF salling 3731.085 m NE Pad Azimuth 025 A =2616.880 m
| AMarithing 4519.427 m Elipmold Dist. HEE2 043 m AY =2B04 382 m
| AE laadion -1 586 m AHslght 212 m AF 4525106 m
Standand Emors
Vctor amon:

AEssting 0.002 m o NS fwd Aximith DrO0D0T o AN 0.004 m

AMorthing 0.001 m o Elipaoid Dist. 0.002 m oo A7 0.005 m

AFlavation 0.006 m o AHaight 0.006 m o AT 0.001 m
Aposteriod Covarlance Matrbx: (Maters)

X Y z

(X 0. 000012 5388]
id 0. 000014 3325 0. 00024 2058
k4 =), OG5S T 0. D000 8454 0. 000002 2146

Ocoupations

From To
Poind |D: [zR=-51 |pMSS5-158
Dimin fin; CiUsersiFrancis\ DocumenSiSusiness CiUsersiFrancis\ DocumentshBusi ness
Cenler - HCEW mmarmedSRE51 (Modular) T |Center - HCEW marned BMSS 158 (Fower)
=14 [ 1. TE4m] TO2 T=2B14 [1.707m].T02

Rsohvsi: typa: l=reasz |sPzoas

Rsoahvier saiial Humbet S20IEE1E12 B245F 15374

| b e Ziephyr Ceodetic 2 l=r2085 Intemal

| Adrbinirel el nUSnber:

 Aibanin helght imessured); 1.754 m 1.6884 m

| Aarrbnire malhod: IEhl'h:ln-mfmul IBhI'h:nmufa.rﬂema.mnml

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

ANNEX 4. The LiDAR Survey Team Composition
Table A-4.1. The LiDAR Survey Team Composition

Data Acquisition
Component
Sub-Team

PHIL-LIDAR 1

Data Acquisition
Component Leader

Survey Supervisor

LiDAR Operation

Ground Survey

LiDAR Operation

Designation

Program Leader

Data Component
Project Leader — |

Chief Science
Research Specialist
(CSRS)

Supervising Science
Research Specialist
(Supervising SRS)

Senior Science
Research Specialist

Research Associate
(RA)

RA

Airborne Security

Pilot

Name

ENRICO C. PARINGIT, D.ENG

ENGR. CZAR JAKIRI SARMIENTO

ENGR. CHRISTOPHER CRUZ

LOVELY GRACIA ACUNA

ENGR. LOVELYN ASUNCION
FIELD TEAM

ENGR. LOVELYN ASUNCION

MARY CATHERINE ELIZABETH
BALIGUAS

MA. REMEDIOS VILLANUEVA
JONATHAN ALMALVEZ

SSG. MICHAEL BERONILLA

CAPT. JEFFREY JEREMY ALAJAR

CAPT. NEIL ACHILLES AGAWIN
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Agency / Affiliation

UP-TCAGP

UP-TCAGP

UP-TCAGP

UP-TCAGP

UP-TCAGP

UP-TCAGP

UP-TCAGP

UP-TCAGP
UP-TCAGP

Philippine Air Force
(PAF)

Asian Aerospace
Corporation (AAC)

AAC



LIDAR Surveys and Flood Mapping of Tandag River

ANNEX 5. Data Transfer Sheet for Tandag Floodplain
Table A-5.1. Data Transfer Sheet for Tandag Floodplain

LETE JHEKSFEN SHEET

1 I ERNT Y B pee gl Ser readyd
atE | rusiTho. | wEsouHes L mpy  |MESEA Lo BEIZ ATATI ammumaE FLISHT PLAK
] HEVIGN = Lithe 5] W] P IR I-'I.l.mla.- mauEE ISR R IWl. SDAVER
APL [T LaCATIIH
= i an | g | | e KL
vooda| 1ssen | IBkStANEGR  [agewam m 1478  aes el = e adems 557 e "f": 4 224/g|E hirseme_
gy
VEMIA]  10GRA | 3BLERYASSIETA |Amsaes [T G5 E 161 e 41 43 iz 71140 o "'Bi 1“4 d -:H'j.'i.zﬂ oy
! Has
Va4 18RS | IBLEELBSCAEAN |Acuans k&l 2ELESSETESL 5az i & iz I:Sl | s 1
13|44 HER i ! ’ Alotaies
L ddi FelfanErsIL (e
Va/Z034) 1EPdA | JOLEGLCSCLESS Squorie L J1rfzeaiia 1.08 | 257 200 10| A I I
i B85 Lidkioma,
Lrs] KR a4 31-"'."35‘:'-"51[9... .
TOLI01A) IRTHA | BUKGIDEEIE0N [ Sroare we) 15501 5a /e am A 26 - a4 12.9 s —]
g A5 “E 1 s 1 ST
1 B | s samssa]
Rscakasd Irzm Racaiedhy
o o TR i | KaTe T FRTID
ALY o, DA FRITT
A ELL] e E

=~ _-‘;II:-_J‘*;"—-\—\. _-_:-..--'I_ ‘-l| ."_,:' 3 I'II"1": ey
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

DATH TRANSFIR SHELT
SN N Zarigae dul Sarf Einbl reask
RRALAE BALE STAT ) FLIGHT FLEH
e e |PEEOHLDG QPCRATCR: |
BATE Fu Ha MEEIGH FAVE L [P — L I METAS | MG | pomEEh m:ﬁw .T.I:.I.h Leae L I]s-m'.rml.nun:w
zazatd |17544  [sswensones lAgquons e | s lm lea o a3 e ' e e e
. | FOAC R,
an'acdd 17534, IBLKBIMNERL1A Aquanus [P [0 ] i1 32 TR ] aGs 118 157 .= 1KB 155 g 44 Té .
. S 5
kK T 175Ea ABLESINEOZIAS Aquanus [Bd, Emagfﬁﬂ 1.1 oG BOLE ART =1 Pl iTa iKB KB a5 3l Ta o
TACARA TR
ayfaae  (17sma |IBLKSIOLBIIE Adquariug [, i 1.1 347 406 |esm 221 |35 [i7e |ike  |we 5 iz TA
Recabed frem Feictiwsd by
M TN feifiih Karm #Lﬂln.%._ﬂ 91!
et RA — L § { _ 1,*:4[.»[
__Egway gy = By ’ — '
o
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LIDAR Surveys and Flood Mapping of Tandag River

ANNEX 6. Flight Logs for the Flight Missions
Table A-6.1. Flight Logs for the Flight Missions
Flight Log for 3BLK61A186A Mission

o
DREASA Bats Acquisition Fllghs Log : I.'
o — Fight Log Mo.: E‘.I:::iﬁlj
1 UDAR Dprakars: ] ﬂHTHHudul-m.,.‘ 3 Misslon Nama SELRG] PG s :
TR T : Al . Type: VER 3 —
'.TE"""'"'I.ILII F'.'I,ﬂ:ﬂ,L # Ba-hllaot: : 19 Kaute: Eé"‘" L |Emm“1"'?—u CoannaT2d= 6 Al radt ident Deallon: R:L;?'_ﬂl'm
iC Date: 12 Al tport cfDe parture (Al rpart, Oty Provine); —
; k 12 Alvpart of Arival = = E—
duly 5, 2004 5 [ 4 : L val (4 rpart, Oty Prednce);
T i on 14 Englne Off: " |15 Tozat Engine Time: 1% Take afl: - - =
itz Vo T |F3 it |1"-'"I”"I- JleReRT g
{19 Westher I:"[l:ul.uf-u B ! — SR
e = — — =
0 A ira ks

{';!L-'l'r' vt~||-E[{ b lines  ower BL-E:@IH.

==,

’I 21 Problams and Sololons:

-

Aipuidtan FYght &g bre Acrprblon Flg P (s Fikal-W-Carmmand ar

| ] Urdyr Jeewniar
e P AT EE el ; o ci:llrveﬁm;-llﬁ
FENHLE Seer Frinted Pama Eigragura sver Printnd Mara LT i : o
il e : rEas Wi Elgramare poar #il=tmd Yame
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Flight Log for 3BLK61ASB187A Mission.

DREAM Dala Acquisitlan Fiight Log

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

Fllght Leg Now: (a6,

1 UDAR Operatar: \CE Enl,igiﬂ, [2 ALTM Modlel: iy [EMIsslon Wame SEXGIKEIEFA dTye: VPR 5 Airerafe Type. oo
:ﬂh_u_,:l—':'t’ b Wiwoy 8 "":"-'tl MR Aaiaia S Route: — I Airerate Type-CesnnsTI0SH _[5 mireratt Ldemitication: RP- 92}
Date: 13 Alraen of Depart Al cl sl i I i E :
e PTRRE i | vy e e U atacy]
13 Ergine On: 4 E (= ! : : - '
E "Eﬂjnﬂ 2 nnﬁ?ﬂl 15 Tatal Erglne Tlma: |1E Take aff: 17 Lamd?nig= 18 Tetal Hlight Time:
19 Weather Pavthy cruma'v )
7 1
MHérll;;th:
fomplltd iy wedr BLKGIE  and  soertd Y i s BLKGIE.
21 Pack|ems ond Solutions:
Aoquiztizn Flighk fp d by A
:— cosisHon Fl fedby Flhblh-i:l:lﬂmjnﬁ Lider Dzaraner
LA A e T R ':.T«ﬂ:l
Sgearuce oer Pringed Mame Sgrali-emen Pl < oS4 braT
o s U::;m“wmmr I'annuﬁm__’ﬁ’nrn:lmm Sianstra aver Pricted Nama
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LIDAR Surveys and Flood Mapping of Tandag River

Flight Log for 3BLK61BSC188A Mission.

CREAM Data Acgulsitlon Flight Log : Flight Log Nia.: II'|:5'.'|I|'_'

|1 L DaR Operator iy £ Bal I] ALTM Maclal: h"l 3 M .I F : : T btk _
I:Ew juri g |3 Miss lan Mg me BRI RN 56 4 Tope: VER |5 Alveraft Type: Cosmma TI05H 16 Airerat® 1dmmt] —
FHlot J) Al un:--r Pllat: hjf ﬁﬂlhhﬂ 9 Raute: | b= LILL reraft Identifiatlon: £V - [ l;‘l__;-

10 Date: 13 |'||I'|:IE|I"| upmur-rl:mrpurt.ﬂtﬁfFanﬂ} 11247 rtaf Arival [Airpar, & -
S |-,,r 3 ag . rperta wil |airpa by Prawince]:
13 Engine On: 4 Engllq-nlh‘gff 15 Tatal Engina Time: 16 Taka aff: _'-17_L:| mellmg: T |1.ﬂ TE|H|-F|-'E|"”|""*'?
19 Wiasthar _HF.T'HH..II fj“':.-'ll"-h:lr F : i ]
20 Remarks: L o
(empleled  arta ol BLYGIE ond suneyed § bhe ok BlKGIC.
b d,.'._rlllﬁr-'-"']"ﬁ'-"'-

11 PFraflems and Solutlans:

F-::p.lldl::un F|I|hl.n|.||| Acqustilan Right Serithed b |
lg Y D.I:rrfh{-_d-ln-m:'_-:_ Lidzr Opeeabr
i 2,
“ﬂ“E_T_I:J_u*';L 7t ] Tl ;ﬂﬂf ) vaT
o v Pri v
Eralurs avar Pringed Hame Slgniitere oves'Frinoed Mamn Frintsd Hamn PR -
[End Livar Anpregantailval |PAF B presesta tiva) phpreiilihet )
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Flight Log for 3BLK61CSD189A Mission

DREAM Data Acquisitian ilight Log

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

Fiight Log Mo, flﬂ:l?.tlll

-

E_D-‘F. Opaca lar;

ALTM Maodel:

a1

1 Mizzfon H:mn!EE"JI!!{TEm 4 Tyme: WFA

|5 dircea Type: CesrmaTaneH |6 Alrcrait Idantification: RP- (-

2 pilot: [T fig gy Pllat: Iy Fﬂ:hnm % Rauta:
13 Date: 12 Abrpart of Cepa i re (Airpart, Qty/ Pravince | 12 Alrport of Amlval ;
: _IIUIE g l:ll:}'u- .Tﬂmm e nce i rport o wa [.Mrpnr:,ﬂt-.-."ﬁa-ﬂn:e].
Engin# On: 19 Englne Gif: ? |151-ut-| Engine Time: 16 Take ofT: 17 Landing: ' :
DiT e i U1z | andlng: [18 Tetal Flight TTme:
19 Waatliar F'ﬁ'r’:l'!.qll: iy ¥
| i
M Remarks: 1 8
Campieled  ovea al  BLKGC and Suveydd 12 Ines b BLKGI D
|
i
21 Prablarms and Solutians:
Azsulition Flgl'.l:-!p.:-r:de Acquiskan flight Filab In-Commnnd Uids
Léjjl I Al '-:_ . rDperalar
Lo ELT aeai 26 [t s - R AT ﬂ..u.?l
Slanaiue cuar Princed Mame o ey Mg
{End Lhar Rapresenisth mn:_m_:u:‘;'““' Sgnaturd oV Frinted Nara EIT ppep——— o
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LIDAR Surveys and Flood Mapping of Tandag River

Flight Log for 3BLK61DSG190A Mission.

DREAM Déts Acgu’sition Flghi Log

e

Flight Log Ma.: ﬁ;‘?’ﬁ

1UDAR n,nnr:mrf - TalTM MﬂEl!.l!l:;gmm_ 3 Kisslom mmr:ﬁmu@'&h;ﬁ 4 Type:! VER LJ_EA.I rersft Type: CesnnaTIoeH 6 Alrcraft IdanbiMeat! s n: - q}!ﬁ;
THlot 3 B Blo-Fllot: MR Anogann |9 Roule: ; mo |
10 Date: 12 Mrport of Dfparters (A rport, Gty Prod nee b 13 Alrport of Amival [Mirpe
: : 1, ClwProvi nca |
by 4, 9nly Tan :‘sj [idy
13 Englee On: 14 Englna 041 ! 15 Total Engine Tiee; 16 Take off: 1F Landing: 13 Tatal
i . = Flight Tima:

|03, 45, ’ i

13 Weathar Haz =
; e D ek

I0 Remarks: s :
Cowpleled  pagsin et BLEGID  avd BLKGIG .
bt '{l'."}llh'k‘l.l"'"-

21 Prablems and Solulians;

-

deogelidiios Fllghs Az o by Aoqulddikzn Fight CoriiNsd by
| LY

"1—-,!«}""-_" 4
B i P TR0 (a4 8

[Ern e REpredentilbea| |FAF Reprea i albea

Pt de-Camamad

Iy el
Flgraturd et Frinbed Mamg Elgnaiurm sver frincesd Hame !Hlm%r Frintind Mlamie

Lidar deprmior
|"~E.,.J¢$L

] o
v oroen Priveed Mame

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

Flight Log for 3BLK61KSM210A Mission.

FIfgkE Leg No.: J?‘Q
|5 Airtratt Typn: CasnnaT206H 5 Alrcraft Identiflcatlon: [17- E'ff.t

CAEAM Data Acqudshlon Fight Log R,

1 D4R Oparator: AT Tholine [RALTM Made 13 Miss e Na g _ £ Typa: VFR

Triot 1 Pinayy  [ECo-Pifet: BN Davily Apridieute; i)
13 Aliport of Arfval [Alrpart, Oty Prou roe )

1 D pes o 12 Airport of Departurs (Al port, ClyProv nee|:
ik 24, 204 m:l.:amm G
L3 Engfpra DI 14-‘-‘|t_|!'|! - Tatal Englna Time: 1ETa ke edfz 1? Landing: 18 Tedal Flight Time:
20 123 e S
imw:-wr _'l.!.l'.h’h;lr'

over  BLEGIM, covertd wads  over |'*3£F|'i.'.’.§aff'-l-.::l,’ Ho and
Blkg K ; ma ol sz,

i-u:' RemaTRI:

I:Er'l-"-pfd el
furicy af [ fhe  ovee

21 Probslems And Solublanai

Acquisilioe Flight Cafied by Fllatdn-Cammind

Uder Qparsior i

Acculsiion Fight Approves by
BN . ) i
Wik T e o Jlﬁﬁﬁf—- [AE] Baliivds
D e — P A ——

Sgraiune ova P ad Kame
|Erved Lipar A porsrs ki thos b

$ignsture oeer Printas Nime
LPAF Papresentalival
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LIDAR Surveys and Flood Mapping of Tandag River

Flight Log for 3BLK61NS211A Mission.

DREAM Data Acquli®lon Flight Log

Fllght Lag Ma.: H?:.n

ulu.-.mmnmnglﬂ ﬁ:,lh‘ﬂ”#.umMud.lsgﬂgiigmg1.|'.-||n|un|-1=m--:faﬂ TAIILe, * VFR 5 Alrerat Typn: Ca : - ('
TPRilak; | A} |&CheFilot i i fute: : g e B AR Tipe COMMATA0OH S st Wentiator IIEP I::l
10 Data: W 12 Alrpart of Depa rturg {Alrpart, O by Pravince - 13 Alrpart af Arival te):
E l.llhlll‘F’ ?.tl *11;211 I ":'leﬂn'j I"‘ﬂ'.:k i 7 I i e

n righra Qif; ‘ 1% Tatal Englne Time: |15 Takm olf: | Pl :

EEFLFS hx?{’ ﬂq;qgn B | ake o |1han-d PE |1-E"I'-ulu|l|lgh1.'.ﬁrr.!.
19 Wanthgr oA

]
I Aemarks: [
E;ﬁrh), Surety  per ool jhe  of  BLEHAN

11 Froblamin nag Soiuticns:

&zzulwtion Fight Apzreied by

{End Lver Reghd istatval

Plol isLemeand
)
I:r-u'i Primied Harvs
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

Flight Log for 3BLK61INSO212A Mission

i L

(REAM Diks Aemustdlion FEght Log Flizht Lag Mas |?[ET:.
1LIBAR Oparater JACE Bk i3 MIssian ks ma %me;wn |5 Al rcraft Type: Cesnna T206H 3 Adrcraft |dentificatian: i - ah
TRilak: L A ¥ & Boule |

10 Date: - ]l- rport of Doparture [Alet, QiyPrav o 12 Alrpert of Amiv | (Afrpart, Org'Frod Ace]!
ke 3l 200y | lapdag Oy
13 Englna o-.i| (14 Englne OFF -~ 1% Total Eng!na Tima: 16 Take ofF; 17 Lancding: 12 Tatal Flight Tima:
i 1 A i a4 S
19 Waather “@ﬁ&}i_ﬁd{ﬂhﬂ}'

EIEH;markll
bowpleded  BLKGIN and  swrveyed 9 Ints e BUGID
b mij-hw

Il Frabdems ano Solubonn

Argusitlas Flighl depread by iz hiilleri Filghe | Efol-l-Commend Lidar Cparaler
] T
b : / vy For e Ilul:]nfr;ﬁ{l
@ “Aﬁaﬁ Sy e Gl zﬁw tit]_sal s :
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LIDAR Surveys and Flood Mapping of Tandag River

ANNEX 7. Flight Status Reports

Table A-7.1. Flight Status Reports

Flight
No

1664

1666

1670

1674

1678

1758

1762

1766

Area

BLK61A

BLK61A,
BLK61B

BLK 618,
BLK61C

BLK61C,
BLK61D

BLK61D,
BLK61G

BLK61F,
BLK61G,
BLK61H,
BLK61K,
BLK61M,
BLK61N

BLK61N

BLK61N,
BLK610O

Mission

3BLK61A186A

3BLK61ASB187A

3BLK61BSC188A

3BLK61CSD189A

3BLK61DSG190A

3BLK61FGHKMSN210A

3BLK6INS211A

3BLK61INSO212A

Operator

MCE BALIGUAS

MCE BALIGUAS

MCE BALIGUAS

MCE BALIGUAS

MCE BALIGUAS

MCE BALIGUAS

MCE BALIGUAS

MCE BALIGUAS

96

Date Flown

5JULY 14

6 JULY 14

7JULY 14

8 JULY 14

9 JULY 14

29 JULY 14

30JULY 14

31JULY 14

Remarks

Surveyed 6 lines over
BLK61A.

Completed mission over
BLK61A and covered 4
lines over BLK61B

Completed area at
BLK61B and surveyed

6 lines at BLK61C. No
digitizer

Completed area at
BLK61C and surveyed 12
lines at BLK61D

Completed mission over
BLK61D and BLK61G. No
digitizer

Completed over BLK61M,
covered voids over
BLK61F,G,H and surveyed
1 line over BLK61K; no
digitizer

Bathy survey over coast
line of BLK61N

Completed BLK61N and
surveyed 9 lines over
BLK610; no digitizer



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

Swath Coverage of Mission 3BLK61A186A

Flight No. : 1664
Area: BLK61A
Mission Name: 3BLK61A186A

Parameters: Alt: 500m Scan Freq: 45 kHz Scan Angle: 18 deg
Total Area Surveyed:  31.1sq km




LIDAR Surveys and Flood Mapping of Tandag River

Swath Coverage of Mission 3BLK61ASB187A

Flight No. : 1666

Area: BLK61A, BLK61B

Mission Name: 3BLK61ASB187A

Parameters: Alt: 500m Scan Freq: 45 kHz Scan Angle: 18 deg
Total Area Surveyed: 79.2 sq km
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

Swath Coverage of Mission 3BLK61BSC188A

Flight No. : 1670
Area: BLK61B, BLK61C
Mission Name: 3BLK61BSC188A

Parameters: Alt: 600m Scan Freq: 45 kHz Scan Angle: 18 deg
Total Area Surveyed: 93.4 sq km
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LIDAR Surveys and Flood Mapping of Tandag River

Swath Coverage of Mission 3BLK61CSD189A

Flight No. : 1674
Area: BLK61C, BLK61D
Mission Name: 3BLK61CSD189A

Parameters: Alt: 600m Scan Freq: 45 kHz Scan Angle: 18 deg
Total Area Surveyed: 91.3 sq km
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

Swath Coverage of Mission 3BLK61DSG190A

Flight No. : 1678

Area: BLK61D, BLK61G

Mission Name: 3BLK61DSG190A

Parameters: Alt: 600m Scan Freq: 45 kHz Scan Angle: 18 deg

Total Area Surveyed:  84.5 sq km
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LIDAR Surveys and Flood Mapping of Tandag River

Swath Coverage of Mission 3BLK61FGHKMSN210A

Flight No. : 1758

Area: BLK61LF, BLK61G, BLK61H, BLK61K, BLK61M, BLK61N

Mission Name: 3BLK61FGHKMSN210A

Parameters: Alt: 600m Scan Freq: 45 kHz Scan Angle: 18 deg
Total Area Surveyed:  96.68 sq km
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Hazard Mapping of the Philippines Using LIDAR (Phil-LIDAR 1)

Swath Coverage of Mission 3BLK61NS211A

Flight No. : 1762

Area: BLK61N

Mission Name: 3BLK61NS211A

Parameters: Alt: 600m Scan Freq: 45 kHz Scan Angle: 18 deg

Total Area Surveyed:  79.64 sq km
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LIDAR Surveys and Flood Mapping of Tandag River

Swath Coverage of Mission 3BLK61NSO212A

Flight No. : 1766

Area: BLK61N, BLK610O

Mission Name: 3BLK61NSO212A

Parameters: Alt: 600m Scan Freq: 45 kHz
Total Area Surveyed:  50.91 sq km

Scan Angle: 18 deg
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ANNEX 8. Mission Summary Reports

Table A-8.1. Mission Summary Reports
Flight Area
Mission Name
Inclusive Flights
Range data size
POS
Base Data size
Image
Transfer date

Solution Status

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

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

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

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

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

Elevation difference between strips (<0.20 m)

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

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

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

Tandag (Surigao Del SurSurigao del Sur)
Block 61CD

1674A &1678A

22.69 GB

395 MB

17.94

37.90 MB

July 23, 2014 & August 6, 2014

Yes
Yes
Yes
Yes

1.50
1.85
2.70

0.000606
0.005630
0.0085

68.11
4.48
Yes

151
437.79m
63.78 m

46,043,085
71,460,073
73,450,888
178,625,360
8,063,567
YES

Engr. Jommer Medina, Engr. Melanie Hingpit,
Engr. Elainne Lopez
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Figure 1.1.3 Best Estimated Trajectory

Figure 1.1.4 Coverage of LiDAR data
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Ryl

Figure 1.1.5 Tmage of data overlap

Figure 1.1.6 Density map of merged LiDAR data
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Figure 1.1.7 Elevation difference between flight lines
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Flight Area
Mission Name
Inclusive Flights
Range data size
POS

Base data size
Image

Transfer date

Solution Status

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

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

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

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

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

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

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Tandag (Surigao Del SurSurigao del Sur)
Block 61B

1670A

13.00 GB

241 MB

8.58

6.28 MB

July 23, 2014

Yes
Yes
Yes
Yes

2.50
3.10
3.00

0.000449
0.001114
0.0023

56.75
3.49
Yes

143
527.31m
61.67 m

71,379,929
49,277,234
45,969,458
118,976,653
3,318,983
YES

Engr. Irish Cortez, Engr. Christy Lubiano,
Engr. Melissa Fernandez
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Figure 1.2.3 Best Estimated Trajectory

Figure 1.2.4 Coverage of LiDAR data
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Figure 1.2.6 Density map of merged LiDAR data
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Figure 1.2.7 Elevation difference between flight lines
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Flight Area Tandag (Surigao Del SurSurigao del Sur)
Mission Name Block 61A

Inclusive Flights 1664A & 1666A

Range data size 17.19GB

POS 336 MB

Base data size 16.27

Image 74.80 MB

Transfer date July 23, 2014

Solution Status

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

Smoothed Performance Metrics (in cm)

RMSE for North Position (<4.0 cm) 6.00
RMSE for East Position (<4.0 cm) 5.00
RMSE for Down Position (<8.0 cm) 10.50
Boresight correction stdev (<0.001deg) 0.000668
IMU attitude correction stdev (<0.001deg) 0.012522
GPS position stdev (<0.01m) 0.0190
Minimum % overlap (>25) 47.47
Ave point cloud density per sq.m. (>2.0) 4.01

Elevation difference between strips (<0.20 m) Yes

Number of 1km x 1km blocks 152
Maximum Height 391.02m
Minimum Height 55.44 m

Classification (# of points)

Ground 41,603,699
Low vegetation 52,174,302
Medium vegetation 70,177,534
High vegetation 113,371,103
Building 4,387,894
Orthophoto YES

Engr. Analyn Naldo, Engr. Chelou Prado,

Processed by Engr. Jeffrey Delica
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Figure 1.3.4 Coverage of LiDAR data
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Figure 1.3.5 Tmage of data overlap

Figure 1.3.6 Density map of merged LiDAR data
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Flight Area
Mission Name
Inclusive Flights
Range data size
POS

Base data size
Image

Transfer date

Solution Status

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

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

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

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

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

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

Classification (# of points)
Ground

Low vegetation

Medium vegetation

High vegetation

Building

Orthophoto

Processed by

Tandag (Surigao Del SurSurigao del Sur)
Block 61N

1758A, 1762A & 1766A

34.25 GB

712 MB

34.11

166.80 MB

August 14, 2014 & September 1, 2014

Yes
Yes
No
Yes

2.10
2.25
3.20

0.000322
0.007229
0.0142

59.67
4.30
Yes

176
603.04 m
68.14 m

90,724,477
90,541,962
159,165,712
272,112,461
13,596,437
Yes

Engr. Jennifer Saguran, Engr. Harmond Santos,
Engr. Elainne Lopez, Engr. Czarina Afionuevo
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Figure 1.4.6 Density map of merged LiDAR data
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Flight Area Tandag
Mission Name Blk61B
Inclusive Flights 23608P

Range data size 5.39GB

Base data size 369 MB

POS 114 MB

Image NA

Transfer date January 3, 2017

Solution Status

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

Smoothed Performance Metrics (in cm)

RMSE for North Position (<4.0 cm) 1.74
RMSE for East Position (<4.0 cm) 1.57
RMSE for Down Position (<8.0 cm) 2.3
Boresight correction stdev (<0.001deg) 0.001805
IMU attitude correction stdev (<0.001deg) 0.008304
GPS position stdev (<0.01m) 0.0188
Minimum % overlap (>25) 13.08
Ave point cloud density per sq.m. (>2.0) 2.48

Elevation difference between strips (<0.20 m) YES

Number of 1km x 1km blocks 82
Maximum Height 359.17 m
Minimum Height 55.59 m

Classification (# of points)

Ground 39,289,646
Low vegetation 15,975,656
Medium vegetation 20,509,343
High vegetation 83,429,502
Building 846,925
Ortophoto No

Engr. Jennifer Saguran, Engr. Harmond Santos,

Processed by Engr. Gladys Mae Apat
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Figure 1.5.4 Coverage of LiDAR data
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Figure 1.5.6 Density Map of merged LiDAR data
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Figure 1.5.7 Elevation Difference Between flight lines
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Flight Area Tandag
Mission Name Blk61C
Inclusive Flights 23610P

Range data size 13.7 GB

Base data size 369 MB

POS 480 MB

Image NA

Transfer date January 3, 2017

Solution Status

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

Smoothed Performance Metrics (in cm)

RMSE for North Position (<4.0 cm) 1.27
RMSE for East Position (<4.0 cm) 1.25
RMSE for Down Position (<8.0 cm) 33
Boresight correction stdev (<0.001deg) 0.000257
IMU attitude correction stdev (<0.001deg) 0.000441
GPS position stdev (<0.01m) 0.0072
Minimum % overlap (>25) 31.42
Ave point cloud density per sq.m. (>2.0) 3.87

Elevation difference between strips (<0.20 m) YES

Number of 1km x 1km blocks 179
Maximum Height 834.4m
Minimum Height 57.55m

Classification (# of points)

Ground 139,523,754
Low vegetation 71,702,105
Medium vegetation 116,146,930
High vegetation 188,868,056
Building 1,173,534
Ortophoto No

Engr. Analyn Naldo, Engr. Harmond Santos,

Processed by Engr. Gladys Mae Apat
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o

Figure 1.6.3 Best Estimated Trajectory

o

Figure 1.6.4 Coverage of LiDAR data
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Figure 1.6.6 Density Map of merged LiDAR data
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Figure 1.6.7 Elevation Difference Between flight lines
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Flight Area Tandag
Mission Name Blk61G
Inclusive Flights 23640P

Range data size 13.7 GB

Base data size 273 MB

POS 163 MB

Image NA

Transfer date January 6, 2017

Solution Status

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

Smoothed Performance Metrics (in cm)

RMSE for North Position (<4.0 cm) 1.60
RMSE for East Position (<4.0 cm) 1.60
RMSE for Down Position (<8.0 cm) 3.50
Boresight correction stdev (<0.001deg) 0.000861
IMU attitude correction stdev (<0.001deg) 0.010847
GPS position stdev (<0.01m) 0.220
Minimum % overlap (>25) 27.30
Ave point cloud density per sq.m. (>2.0) 3.92

Elevation difference between strips (<0.20 m) YES

Number of 1km x 1km blocks 136
Maximum Height 741.75m
Minimum Height 66.62 m

Classification (# of points)

Ground 7,1196,900
Low vegetation 67,519,269
Medium vegetation 74,694,951
High vegetation 182,678,627
Building 68,16,726
Ortophoto No

Engr. Jennifer Saguran, Engr. Harmond Santos,

Processed by Engr. Gladys Mae Apat
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Figure 1.7.4 Coverage of LiDAR data
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Figure 1.7.5 Image of data overlap
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Figure 1.7.6 Density Map of merged LiDAR data

138




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

[ ] IX"IET

Figure 1.7.7 Elevation Difference Between flight lines
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Flight Area Tandag
Mission Name BIk61F
Inclusive Flights 23612P

Range data size 15.4GB

Base data size 294 MB

POS 186 MB

Image NA

Transfer date January 3, 2017

Solution Status

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

Smoothed Performance Metrics (in cm)

RMSE for North Position (<4.0 cm) 1.83
RMSE for East Position (<4.0 cm) 1.33
RMSE for Down Position (<8.0 cm) 3.33
Boresight correction stdev (<0.001deg) 0.000499
IMU attitude correction stdev (<0.001deg) 0.000586
GPS position stdev (<0.01m) 0.0016
Minimum % overlap (>25) 32.64
Ave point cloud density per sq.m. (>2.0) 2.87

Elevation difference between strips (<0.20 m) YES

Number of 1km x 1km blocks 275
Maximum Height 504.73 m
Minimum Height 41.36 m

Classification (# of points)

Ground 189,502,075
Low vegetation 100,021,927
Medium vegetation 122,781,681
High vegetation 418,418,194
Building 10,898,125
Ortophoto No

Engr. Jennifer Saguran, Engr. Harmond Santos,

Processed by Engr. Gladys Mae Apat
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Figure 1.8.2. Smoothed Performance Metric Parameters
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Figure 1.8.4 Coverage of LiDAR data
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Figure 1.8.6 Density Map of merged LiDAR data
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Figure 1.8.7 Elevation Difference Between flight lines
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ANNEX 9. Tandag Model Basin Parameters
Table A-9.1. Tandag Model Basin Parameters

SCS Curve Number Loss Clark Unit Hydrograph Recession Baseflow

Basin Transform

Number Ab:t‘ri:.:t!ion Nil:rr\‘llair Imp?;,\;ious Con1:::1:rg:|'on C:(te:fri?:igeent Initial Type DiL::Iaarlge Rc(::::::: Th.rri;heold Ratio to Peak

(HR) (HR) (m/s)

W1010 5.87 89.64 61.03 1.1697 2.3394 Discharge 0.80 1 Ratio to Peak 0.0500

W1020 10.39 83.01 17.37 1.9670 3.9340 Discharge 0.18 1 Ratio to Peak 0.0500
W480 3.59 89.08 0.55 0.8351 3.8814 Discharge 1.07 1 Ratio to Peak 0.0500
W490 9.14 89.08 0.00 0.8346 3.7345 Discharge 0.35 1 Ratio to Peak 0.0500
W500 4.54 89.64 0.00 1.2594 5.6258 Discharge 0.31 1 Ratio to Peak 0.0500
W510 8.71 89.64 0.00 2.0078 2.7080 Discharge 0.61 1 Ratio to Peak 0.0500
W520 3.61 89.64 0.00 1.1087 7.4965 Discharge 0.37 1 Ratio to Peak 0.0500
W530 432 89.64 0.00 0.9865 6.4908 Discharge 0.46 1 Ratio to Peak 0.0500
W540 5.90 89.64 0.00 0.1944 2.0398 Discharge 0.09 1 Ratio to Peak 0.0500
W550 3.51 88.51 0.00 2.1959 6.5354 Discharge 1.21 1 Ratio to Peak 0.0500
W560 4.90 90.75 0.00 0.1789 0.1963 Discharge 0.05 1 Ratio to Peak 0.0758
W570 4.47 91.29 0.00 0.1865 0.1692 Discharge 0.09 1 Ratio to Peak 0.0509
W580 3.36 89.64 0.00 1.3334 7.8893 Discharge 0.84 1 Ratio to Peak 0.0500
W590 7.17 89.08 0.00 0.3164 2.2259 Discharge 0.37 1 Ratio to Peak 0.0500
W600 8.60 89.64 0.00 0.1845 2.9010 Discharge 0.48 1 Ratio to Peak 0.0500
W610 6.09 89.08 0.00 1.0172 3.0550 Discharge 0.27 1 Ratio to Peak 0.0500
W620 20.61 89.08 0.00 0.9354 2.7983 Discharge 0.53 1 Ratio to Peak 0.0500
W630 9.38 89.08 0.00 0.8384 0.7116 Discharge 0.12 1 Ratio to Peak 0.0500
W640 4.46 88.51 0.00 2.0803 2.8693 Discharge 0.41 1 Ratio to Peak 0.0500
W650 3.68 89.64 0.00 0.1983 0.1685 Discharge 0.06 1 Ratio to Peak 0.0506
W660 4.46 88.51 0.00 2.0949 2.8910 Discharge 0.34 1 Ratio to Peak 0.0500
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Basin
Number

W670
W680
W690
W700
W710
W720
W730
W740
W750
W760
W780
W790
W800
W810
W830
W840
W850
W860
W870
W880
W890
W900

SCS Curve Number Loss

Initial
Abstraction
5.83
2.80
12.62
4.09
4.09
2.95
6.25
7.54
9.85
4.13
3.79
3.83
2.01
6.60
7.36
8.17
1.14
6.60
421
1.01
4.68
9.33

Curve
Number

89.64
89.08
89.08
89.08
89.08
88.51
89.64
88.51
89.64
89.08
89.64
89.08
90.20
88.51
87.34
86.15
89.64
88.51
92.35
89.08
90.75
89.08

Impervious
(%)
0.00
0.21
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.59
1.15
0.00
1.38
2.20
0.00
0.00
0.48

Clark Unit Hydrograph
Transform
Time of Storage
Concentration =~ Coefficient
(HR) (HR)
0.3539 5.6232
2.1399 4.8641
0.4453 0.3493
1.0065 6.5147
1.1016 3.2688
0.8224 3.6495
2.7890 3.8773
0.8740 2.8467
0.9873 4.4237
1.7309 3.4661
1.0073 2.9977
1.1403 7.5984
1.3143 8.5672
0.4993 0.9986
1.6782 3.3564
1.1995 2.3990
0.7564 3.2781
1.4489 2.8978
0.9039 1.8078
2.3497 0.7117
0.1717 0.3829
2.7872 5.5737
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Initial Type

Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge
Discharge

Discharge

Initial
Discharge

(m3/s)
0.63
1.23
0.02
0.71
0.26
0.33
1.63
0.73
0.98
0.96
0.92
0.31
0.68
0.31
0.35
0.69
0.33
0.36
0.01
0.37
0.09
0.80

Recession Baseflow

Recession
Constant

R R R R R R R R R R R R R R R R R R R R RB @R

Threshold
Type
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak
Ratio to Peak

Ratio to Peak

0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
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SCS Curve Number Loss Clark Unit Hydrograph Recession Baseflow
. Transform
Basin ) p il
Number L. . Time o Storage Initia .
Abl::::t!ion N(I:.ul::ll)ir Impt(e;\;lous Concentration Coefficient Initial Type Discharge zic:;j:: Thrresheold Ratio to Peak
’ (HR) (HR) (m?/s) yP
W910 5.18 90.75 0.04 0.9628 1.9256 Discharge 0.34 1 Ratio to Peak 0.0500
W920 5.52 90.20 0.00 0.9270 1.8540 Discharge 0.37 1 Ratio to Peak 0.0500
W930 4.85 91.29 0.36 0.9927 1.9853 Discharge 0.09 1 Ratio to Peak 0.0500
w940 5.18 90.75 0.00 0.7533 1.5066 Discharge 0.28 1 Ratio to Peak 0.0500
W960 5.18 90.75 1.25 0.5129 1.0258 Discharge 0.26 1 Ratio to Peak 0.0500
w970 5.09 90.20 2.30 0.3026 0.1723 Discharge 0.01 1 Ratio to Peak 0.0510
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ANNEX 10. Tandag Model Reach Parameters
Table A-10.1 Tandag Model Reach Parameters

Table A-10.1. Hinatuan Model Reach Parameters

Reach
Number

R230

R190

R180

R220

R200

R60

R70

R50

R80

R150

R160

R250

R270

R300

R340

R410

R420

R1080

R400

R350

R470

R440

R320

R330

R290

Time Step Method

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

Automatic Fixed Interval

Muskingum Cunge Channel Routing

Length (m)

8325.60

570.71
1538.50
1327.40
7381.00
3393.90
1067.30
1121.50

936.40
2124.10

807.70
2674.20
3666.10
3516.50
3072.20
2753.30
1091.50

198.99
1281.50
4585.80
2133.80
3930.90

318.99
3659.60

369.91
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Slope

0.0231
0.0127
0.0440
0.0230
0.0129
0.0617
0.0049
0.0884
0.0061
0.0125
0.0716
0.0004
0.0004
0.0118
0.0089
0.0053
0.0004
0.0272
0.0026
0.0004
0.0026
0.0013
0.0088
0.0031

0.0004

Manning's
n

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05

Shape

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

Rectangle

Width

13.77

13.77

13.77

22.00

39.76

37.59

35.76

13.77

49.14

51.60

13.77

82.63

59.18

87.34

98.61

74.62

108.06

183.07

157.49

71.07

18.01

23.65

84.44

98.56

87.34
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ANNEX 11. Tandag Field Validation Points
Table A-11.1 Tandag Field Validation Points

. Validation Coordinates - Rain

Nz::?; ; Lat Lon \'/\: :’?;I) zz::izt(':; Error (m) Event/Date Return/
4 Scenario

1 9.063987 126.2009 0.326 1.5 1.174 Agaton / 2014-Jan 5-Year
2 9.049307 126.2006 0 0.27 0.27 Agaton / 2014-Jan 5-Year
3 9.068336 126.2036 0 0 0 Agaton / 2014-Jan 5-Year
4 9.069815 126.2021 0 0 0 Agaton / 2014-Jan 5-Year
5 9.066068 126.1675 0.669 0.2 -0.469 Agaton / 2014-Jan 5-Year
6 9.061583 126.1622 0.67 0.32 -0.35 Agaton / 2014-Jan 5-Year
7 9.079567 126.192 0 0 0 Agaton / 2014-Jan 5-Year
8 9.078393 126.1917 0 0 0 Agaton / 2014-Jan 5-Year
9 9.077577 126.1907 0.139 0 -0.139 Agaton / 2014-Jan 5-Year
10 9.077392 126.1904 0 0 0 Agaton / 2014-Jan 5-Year
11 9.076997 126.19 0 0.46 0.46 Agaton / 2014-Jan 5-Year
12 9.076532 126.1887 0 0 0 Agaton / 2014-Jan 5-Year
13 9.07654 126.1883 0.238 0.46 0.222 Agaton / 2014-Jan 5-Year
14 9.077234 126.1879 0 0 0 Agaton / 2014-Jan 5-Year
15 9.07792 126.1864 0 0 0 Agaton / 2014-Jan 5-Year
16 9.066128 126.1817 0 0.8 0.8 Agaton / 2014-Jan 5-Year
17 9.071123 126.1812 1.283 0.35 -0.933 Agaton / 2014-Jan 5-Year
18 9.070238 126.1792 0.745 0 -0.745 Agaton / 2014-Jan 5-Year
19 9.058541 126.1723 0.845 0 -0.845 Agaton / 2014-Jan 5-Year
20 9.057149 126.1708 0.474 1.6 1.126 Agaton / 2014-Jan 5-Year
21 9.060011 126.1732 1.49 1.04 -0.45 Agaton / 2014-Jan 5-Year
22 9.061051 126.1753 0 0 0 Agaton / 2014-Jan 5-Year
23 9.061068 126.1759 0.705 0 -0.705 Agaton / 2014-Jan 5-Year
24 9.062307 126.1784 1.094 0.93 -0.164 Agaton / 2014-Jan 5-Year
25 9.062941 126.184 1.289 0 -1.289 Agaton / 2014-Jan 5-Year
26 9.060587 126.181 0 0 0 Agaton / 2014-Jan 5-Year
27 9.065022 126.1806 1.667 0 -1.667 Agaton / 2014-Jan 5-Year
28 9.066128 126.1817 0 0 0 Agaton / 2014-Jan 5-Year
29 9.066885 126.182 0.608 0.2 -0.408 Agaton / 2014-Jan 5-Year
30 9.083983 126.1687 1.937 0.7 -1.237 Agaton / 2014-Jan 5-Year
31 9.08301 126.1703 0.136 0 -0.136 Agaton / 2014-Jan 5-Year
32 9.076951 126.171 1.809 0.77 -1.039 Agaton / 2014-Jan 5-Year
33 9.074975 126.1699 0.162 0 -0.162 Agaton / 2014-Jan 5-Year
34 9.070035 126.2014 0 0.98 0.98 Agaton / 2014-Jan 5-Year
35 9.064606 126.2013 0 0 0 Agaton / 2014-Jan 5-Year
36 9.065761 126.2011 0.875 1.39 0.515 Agaton / 2014-Jan 5-Year
37 9.066385 126.201 0 0.88 0.88 Agaton / 2014-Jan 5-Year
38 9.06704 126.2014 0 1 1 Agaton / 2014-Jan 5-Year
39 9.070272 126.1991 0.434 0.56 0.126 Agaton / 2014-Jan 5-Year
40 9.070035 126.1999 0 0 0 Agaton / 2014-Jan 5-Year
41 9.069177 0 0 0.15 0.15 Agaton / 2014-Jan 5-Year
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Validation Coordinates . Rain

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

42 9.069086 126.1979 0.255 1.2 0.945 Agaton / 2014-Jan 5-Year
43 9.069416 126.1977 0.732 1.3 0.568 Agaton / 2014-Jan 5-Year
44 9.076309 126.1942 0.139 1 0.861 Agaton / 2014-Jan 5-Year
45 9.074237 126.1961 1.974 1.5 -0.474 Agaton / 2014-Jan 5-Year
46 9.073961 126.1967 0.156 1.45 1.294 Agaton / 2014-Jan 5-Year
47 9.073706 126.1968 0.164 1.78 1.616 Agaton / 2014-Jan 5-Year
48 9.073597 126.1972 0 0.41 0.41 Agaton / 2014-Jan 5-Year
49 9.073183 126.1971 0 0.84 0.84 Agaton / 2014-Jan 5-Year
50 9.073498 126.1986 0.174 0.43 0.256 Agaton / 2014-Jan 5-Year
51 9.073604 126.1992 0.288 0.5 0.212 Agaton / 2014-Jan 5-Year
52 9.075818 126.1989 0.58 0 -0.58 Agaton / 2014-Jan 5-Year
53 9.077004 126.2005 0.143 0.05 -0.093 Agaton / 2014-Jan 5-Year
54 9.078393 126.1999 0.167 0.2 0.033 Agaton / 2014-Jan 5-Year
55 9.080361 126.1982 0 0 0 Agaton / 2014-Jan 5-Year
56 9.082364 126.1952 0 1.3 13 Agaton / 2014-Jan 5-Year
57 9.082775 126.1983 0 0.48 0.48 Agaton / 2014-Jan 5-Year
58 9.082473 126.1954 0 0.59 0.59 Agaton / 2014-Jan 5-Year
59 9.073193 126.183 0.164 0.32 0.156 Agaton / 2014-Jan 5-Year
60 9.074421 126.1826 0.808 0.31 -0.498 Agaton / 2014-Jan 5-Year
61 9.074508 126.1834 0.238 0.32 0.082 Agaton / 2014-Jan 5-Year
62 9.068546 126.1894 0 0 0 Agaton / 2014-Jan 5-Year
63 9.054802 126.181 0.184 1.01 0.826 Agaton / 2014-Jan 5-Year
64 9.05447 126.1752 0.436 0 -0.436 Agaton / 2014-Jan 5-Year
65 9.052876 126.1798 0 0 0 Agaton / 2014-Jan 5-Year
66 9.046969 126.1624 2.195 0 -2.195 Agaton / 2014-Jan 5-Year
67 9.044089 126.1596 1.599 1.01 -0.589 Agaton / 2014-Jan 5-Year
68 9.051277 126.1641 1.833 0.71 -1.123 Agaton / 2014-Jan 5-Year
69 9.057837 126.1656 0.536 0.1 -0.436 Agaton / 2014-Jan 5-Year
70 9.060935 126.1642 0.636 0 -0.636 Agaton / 2014-Jan 5-Year
71 9.0603 126.1625 0.474 0 -0.474 Agaton / 2014-Jan 5-Year
72 9.061064 126.1598 1.408 0 -1.408 Agaton / 2014-Jan 5-Year
73 9.061031 126.1572 1.982 0 -1.982 Agaton / 2014-Jan 5-Year
74 9.081851 126.1727 0 0 0 Agaton / 2014-Jan 5-Year
75 9.069461 126.1693 0.739 0.62 -0.119 Agaton / 2014-Jan 5-Year
76 9.075662 126.1669 0.811 0.36 -0.451 Agaton / 2014-Jan 5-Year
77 9.074536 126.168 0 0 0 Agaton / 2014-Jan 5-Year
78 9.059081 126.1655 0.66 0 -0.66 Agaton / 2014-Jan 5-Year
79 9.056679 126.1674 0.52 0 -0.52 Agaton / 2014-Jan 5-Year
80 9.075684 126.1968 0 0 0 Agaton / 2014-Jan 5-Year
81 9.073387 126.1932 0.194 0 -0.194 Agaton / 2014-Jan 5-Year
82 9.072885 126.1914 0.188 0 -0.188 Agaton / 2014-Jan 5-Year
83 9.073878 126.1924 0 0 0 Agaton / 2014-Jan 5-Year
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Validation Coordinates . Rain

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

84 9.073783 126.1942 0.095 0.04 -0.055 Agaton / 2014-Jan 5-Year
85 9.071671 126.193 0.121 0 -0.121 Agaton / 2014-Jan 5-Year
86 9.076604 126.1933 0 0 0 Agaton / 2014-Jan 5-Year
87 9.076448 126.1931 0 0 0 Agaton / 2014-Jan 5-Year
88 9.07622 126.193 2.137 11 -1.037 Agaton / 2014-Jan 5-Year
89 9.075664 126.1956 0 0 0 Agaton / 2014-Jan 5-Year
90 9.075372 126.1955 0 0.3 0.3 Agaton / 2014-Jan 5-Year
91 9.077281 126.1934 0 0 0 Agaton / 2014-Jan 5-Year
92 9.077661 126.1938 0 0.15 0.15 Agaton / 2014-Jan 5-Year
93 9.079365 126.1507 2.455 1.7 -0.755 Agaton / 2014-Jan 5-Year
94 9.079083 126.1518 1.364 0.62 -0.744 Agaton / 2014-Jan 5-Year
95 9.07683 126.1665 1.056 0.37 -0.686 Agaton / 2014-Jan 5-Year
96 9.071464 126.1647 0.294 0 -0.294 Agaton / 2014-Jan 5-Year
97 9.069887 126.1684 0.203 0 -0.203 Agaton / 2014-Jan 5-Year
98 9.080512 126.1958 0 1.42 1.42 Agaton / 2014-Jan 5-Year
99 9.079287 126.1955 0 0.51 0.51 Agaton / 2014-Jan 5-Year
100  9.079465 126.1513 2.161 0.41 -1.751 Agaton / 2014-Jan 5-Year
101  9.079685 126.1512 0 0.64 0.64 Agaton / 2014-Jan 5-Year
102 9.063987 126.2009 0.44 1.94 1.06 Seniang / 2014-Dec 5-Year
103  9.049307 126.2006 0 0.49 0.27 Seniang / 2014-Dec 5-Year
104  9.068336 126.2036 0 0 0 Seniang / 2014-Dec 5-Year
105 9.069815 126.2021 0.104 0 -0.104 Seniang / 2014-Dec 5-Year
106 9.066068 126.1675 1.271 0.37 -1.071 Seniang / 2014-Dec 5-Year
107  9.061583 126.1622 1.024 0.32 -0.704 Seniang / 2014-Dec 5-Year
108  9.079567 126.192 0 0 0 Seniang / 2014-Dec 5-Year
109 9.078393 126.1917 0 0 0 Seniang / 2014-Dec 5-Year
110  9.077577 126.1907 0.207 0.61 -0.207 Seniang / 2014-Dec 5-Year
111 9.077392 126.1904 0 0.61 0 Seniang / 2014-Dec 5-Year
112 9.076997 126.19 0 0.85 0.46 Seniang / 2014-Dec 5-Year
113 9.076532 126.1887 0.582 0.46 -0.582 Seniang / 2014-Dec 5-Year
114 | 9.07654 126.1883 1.226 0.63 -0.766 Seniang / 2014-Dec 5-Year
115 9.077234 126.1879 0.95 0 -0.95 Seniang / 2014-Dec 5-Year
116 9.07792 126.1864 0 0 0 Seniang / 2014-Dec 5-Year
117  9.066128 126.1817 0.534 0.86 0.266 Seniang / 2014-Dec 5-Year
118 9.071123 126.1812 1.89 1.37 -1.54 Seniang / 2014-Dec 5-Year
119  9.070238 126.1792 1.391 0.36 -1.391 Seniang / 2014-Dec 5-Year
120 9.058541 126.1723 1.427 0 -1.427 Seniang / 2014-Dec 5-Year
121 9.057149 126.1708 0.994 1.91 0.606 Seniang / 2014-Dec 5-Year
122 9.060011 126.1732 2.059 0.7 -1.019 Seniang / 2014-Dec 5-Year
123 9.061051 126.1753 0 0 0 Seniang / 2014-Dec 5-Year
124  9.061068 126.1759 1.145 0 -1.145 Seniang / 2014-Dec 5-Year
125  9.062307 126.1784 1.588 0.67 -0.658 Seniang / 2014-Dec 5-Year

151



LIDAR Surveys and Flood Mapping of Tandag River

Validation Coordinates . Rain

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

126  9.062941 126.184 1.87 0.87 -1.87 Seniang / 2014-Dec 5-Year
127 9.060587 126.181 0.632 0.33 -0.632 Seniang / 2014-Dec 5-Year
128  9.065022 126.1806 2.236 151 -2.236 Seniang / 2014-Dec 5-Year
129  9.066128 126.1817 0.534 0 -0.534 Seniang / 2014-Dec 5-Year
130  9.066885 126.182 1.179 0.46 -0.979 Seniang / 2014-Dec 5-Year
131  9.083983 126.1687 2411 0.85 -1.711 Seniang / 2014-Dec 5-Year
132 9.08301 126.1703 0.657 0.54 -0.657 Seniang / 2014-Dec 5-Year
133  9.076951 126.171 2.52 0.53 -1.75 Seniang / 2014-Dec 5-Year
134 9.074975 126.1699 0.987 0.22 -0.987 Seniang / 2014-Dec 5-Year
135  9.070035 126.2014 0.097 0.85 0.883 Seniang / 2014-Dec 5-Year
136  9.064606 126.2013 0 0 0 Seniang / 2014-Dec 5-Year
137  9.065761 126.2011 1.16 1.39 0.23 Seniang / 2014-Dec 5-Year
138  9.066385 126.201 0 0.87 0.88 Seniang / 2014-Dec 5-Year
139 | 9.06704 126.2014 0.346 1 0.654 Seniang / 2014-Dec 5-Year
140  9.070272 126.1991 0.669 0.47 -0.109 Seniang / 2014-Dec 5-Year
141 9.070035 126.1999 0 0 0 Seniang / 2014-Dec 5-Year
142 9.069177 0 0 0.15 0.15 Seniang / 2014-Dec 5-Year
143  9.069086 126.1979 0.491 1.2 0.709 Seniang / 2014-Dec 5-Year
144 9.069416 126.1977 0.966 1.3 0.334 Seniang / 2014-Dec 5-Year
145  9.076309 126.1942 0.162 1.2 0.838 Seniang / 2014-Dec 5-Year
146  9.074237 126.1961 2.517 1.63 -1.017 Seniang / 2014-Dec 5-Year
147  9.073961 126.1967 0.597 1.4 0.853 Seniang / 2014-Dec 5-Year
148 9.073706 126.1968 0.623 1.1 1.157 Seniang / 2014-Dec 5-Year
149  9.073597 126.1972 0 0.59 0.41 Seniang / 2014-Dec 5-Year
150 9.073183 126.1971 0.364 1.44 0.476 Seniang / 2014-Dec 5-Year
151 9.073498 126.1986 0.477 0.95 -0.047 Seniang / 2014-Dec 5-Year
152 9.073604 126.1992 0.592 0.23 -0.092 Seniang / 2014-Dec 5-Year
153  9.075818 126.1989 0.661 0 -0.661 Seniang / 2014-Dec 5-Year
154  9.077004 126.2005 0.179 0.05 -0.129 Seniang / 2014-Dec 5-Year
155 9.078393 126.1999 0.185 0.2 0.015 Seniang / 2014-Dec 5-Year
156  9.080361 126.1982 0 0 0 Seniang / 2014-Dec 5-Year
157  9.082364 126.1952 0 13 13 Seniang / 2014-Dec 5-Year
158 9.082775 126.1983 0 0.48 0.48 Seniang / 2014-Dec 5-Year
159  9.082473 126.1954 0 0.59 0.59 Seniang / 2014-Dec 5-Year
160 9.073193 126.183 0.635 0.49 -0.315 Seniang / 2014-Dec 5-Year
161 9.074421 126.1826 1.261 0.4 -0.951 Seniang / 2014-Dec 5-Year
162  9.074508 126.1834 0.643 0.57 -0.323 Seniang / 2014-Dec 5-Year
163  9.068546 126.1894 0 0 0 Seniang / 2014-Dec 5-Year
164  9.054802 126.181 0.242 1.06 0.768 Seniang / 2014-Dec 5-Year
165 9.05447 126.1752 1.012 0 -1.012 Seniang / 2014-Dec 5-Year
166  9.052876 126.1798 0 0 0 Seniang / 2014-Dec 5-Year
167  9.046969 126.1624 2.7 0.12 -2.7 Seniang / 2014-Dec 5-Year
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Validation Coordinates . Rain

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

168  9.044089 126.1596 2.112 0.56 -1.102 Seniang / 2014-Dec 5-Year
169 9.051277 126.1641 2.326 1.28 -1.616 Seniang / 2014-Dec 5-Year
170  9.057837 126.1656 0.871 0.16 -0.771 Seniang / 2014-Dec 5-Year
171 9.060935 126.1642 1.142 0 -1.142 Seniang / 2014-Dec 5-Year
172 9.0603 126.1625 0.91 0 -0.91 Seniang / 2014-Dec 5-Year
173  9.061064 126.1598 1.943 26 -1.943 Seniang / 2014-Dec 5-Year
174  9.061031 126.1572 2.568 0.52 -2.568 Seniang / 2014-Dec 5-Year
175 9.081851 126.1727 0 0 0 Seniang / 2014-Dec 5-Year
176 9.069461 126.1693 1.187 0.62 -0.567 Seniang / 2014-Dec 5-Year
177  9.075662 126.1669 1.557 0.36 -1.197 Seniang / 2014-Dec 5-Year
178  9.074536 126.168 0.392 0 -0.392 Seniang / 2014-Dec 5-Year
179  9.059081 126.1655 1.025 0 -1.025 Seniang / 2014-Dec 5-Year
180 9.056679 126.1674 0.867 0.47 -0.867 Seniang / 2014-Dec 5-Year
181  9.075684 126.1968 0 0.1 0 Seniang / 2014-Dec 5-Year
182  9.073387 126.1932 0.235 0 -0.235 Seniang / 2014-Dec 5-Year
183 9.072885 126.1914 0.22 0 -0.22 Seniang / 2014-Dec 5-Year
184  9.073878 126.1924 0 0 0 Seniang / 2014-Dec 5-Year
185  9.073783 126.1942 0.116 0.08 -0.076 Seniang / 2014-Dec 5-Year
186 9.071671 126.193 0.141 0 -0.141 Seniang / 2014-Dec 5-Year
187 9.076604 126.1933 0 0 0 Seniang / 2014-Dec 5-Year
188  9.076448 126.1931 0 0 0 Seniang / 2014-Dec 5-Year
189  9.07622 126.193 2.881 11 -1.781 Seniang / 2014-Dec 5-Year
190 9.075664 126.1956 0 1.52 0 Seniang / 2014-Dec 5-Year
191  9.075372 126.1955 0 0.3 0.3 Seniang / 2014-Dec 5-Year
192 9.077281 126.1934 0 0 0 Seniang / 2014-Dec 5-Year
193 9.077661 126.1938 0 0.37 0.15 Seniang / 2014-Dec 5-Year
194  9.079365 126.1507 2.877 1.23 -1.177 Seniang / 2014-Dec 5-Year
195  9.079083 126.1518 1.8 0.62 -1.18 Seniang / 2014-Dec 5-Year
196  9.07683 126.1665 1.769 0.37 -1.399 Seniang / 2014-Dec 5-Year
197  9.071464 126.1647 0.316 0.61 -0.316 Seniang / 2014-Dec 5-Year
198  9.069887 126.1684 0.687 0.72 -0.687 Seniang / 2014-Dec 5-Year
199 9.080512 126.1958 0 1.13 1.42 Seniang / 2014-Dec 5-Year
200 9.079287 126.1955 0 0.2 0.51 Seniang / 2014-Dec 5-Year
201  9.079465 126.1513 2.597 0.6 -2.187 Seniang / 2014-Dec 5-Year
202  9.079685 126.1512 0 0.8 0.64 Seniang / 2014-Dec 5-Year
203  9.063987 126.2009 0.525 1.5 0.975 Agaton / 2014-Jan 25-Year
204  9.049307 126.2006 0 0.27 0.27 Agaton / 2014-Jan 25-Year
205  9.068336 126.2036 0 0 0 Agaton / 2014-Jan 25-Year
206  9.069815 126.2021 0.12 0 -0.12 Agaton / 2014-Jan 25-Year
207 9.066068 126.1675 1.67 0.2 -1.47 Agaton / 2014-Jan 25-Year
208 9.061583 126.1622 1.319 0.32 -0.999 Agaton / 2014-Jan 25-Year
209  9.079567 126.192 0 0 0 Agaton / 2014-Jan 25-Year
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210 9.078393 126.1917 0 0 0 Agaton / 2014-Jan 25-Year
211 9.077577 126.1907 0.382 0 -0.382 Agaton / 2014-Jan 25-Year
212 9.077392 126.1904 0.18 0 -0.18 Agaton / 2014-Jan 25-Year
213  9.076997 126.19 0.121 0.46 0.339 Agaton / 2014-Jan 25-Year
214 9.076532 126.1887 0.97 0 -0.97 Agaton / 2014-Jan 25-Year
215 9.07654 126.1883 1.644 0.46 -1.184 Agaton / 2014-Jan 25-Year
216  9.077234 126.1879 1.377 0 -1.377 Agaton / 2014-Jan 25-Year
217 | 9.07792 126.1864 0 0 0 Agaton / 2014-Jan 25-Year
218 9.066128 126.1817 0.899 0.8 -0.099 Agaton / 2014-Jan 25-Year
219  9.071123 126.1812 2.292 0.35 -1.942 Agaton / 2014-Jan 25-Year
220  9.070238 126.1792 1.813 0 -1.813 Agaton / 2014-Jan 25-Year
221  9.058541 126.1723 1.83 0 -1.83 Agaton / 2014-Jan 25-Year
222 9.057149 126.1708 1.394 1.6 0.206 Agaton / 2014-Jan 25-Year
223 9.060011 126.1732 2.443 1.04 -1.403 Agaton / 2014-Jan 25-Year
224 9.061051 126.1753 0 0 0 Agaton / 2014-Jan 25-Year
225 9.061068 126.1759 1.467 0 -1.467 Agaton / 2014-Jan 25-Year
226  9.062307 126.1784 1.966 0.93 -1.036 Agaton / 2014-Jan 25-Year
227  9.062941 126.184 2.266 0 -2.266 Agaton / 2014-Jan 25-Year
228 9.060587 126.181 0.986 0 -0.986 Agaton / 2014-Jan 25-Year
229  9.065022 126.1806 2.617 0 -2.617 Agaton / 2014-Jan 25-Year
230 9.066128 126.1817 0.899 0 -0.899 Agaton / 2014-Jan 25-Year
231  9.066885 126.182 1.551 0.2 -1.351 Agaton / 2014-Jan 25-Year
232 9.083983 126.1687 2.705 0.7 -2.005 Agaton / 2014-Jan 25-Year
233 | 9.08301 126.1703 0.97 0 -0.97 Agaton / 2014-Jan 25-Year
234  9.076951 126.171 2.951 0.77 -2.181 Agaton / 2014-Jan 25-Year
235 9.074975 126.1699 1.496 0 -1.496 Agaton / 2014-Jan 25-Year
236  9.070035 126.2014 0.112 0.98 0.868 Agaton / 2014-Jan 25-Year
237  9.064606 126.2013 0 0 0 Agaton / 2014-Jan 25-Year
238  9.065761 126.2011 1.278 1.39 0.112 Agaton / 2014-Jan 25-Year
239  9.066385 126.201 0 0.88 0.88 Agaton / 2014-Jan 25-Year
240 9.06704 126.2014 0.466 1 0.534 Agaton / 2014-Jan 25-Year
241  9.070272 126.1991 0.82 0.56 -0.26 Agaton / 2014-Jan 25-Year
242 9.070035 126.1999 0 0 0 Agaton / 2014-Jan 25-Year
243  9.069177 0 0 0.15 0.15 Agaton / 2014-Jan 25-Year
244 9.069086 126.1979 0.641 1.2 0.559 Agaton / 2014-Jan 25-Year
245  9.069416 126.1977 1.119 13 0.181 Agaton / 2014-Jan 25-Year
246  9.076309 126.1942 0.438 1 0.562 Agaton / 2014-Jan 25-Year
247  9.074237 126.1961 2.82 1.5 -1.32 Agaton / 2014-Jan 25-Year
248  9.073961 126.1967 0.905 1.45 0.545 Agaton / 2014-Jan 25-Year
249 9.073706 126.1968 0.933 1.78 0.847 Agaton / 2014-Jan 25-Year
250  9.073597 126.1972 0.243 0.41 0.167 Agaton / 2014-Jan 25-Year
251  9.073183 126.1971 0.674 0.84 0.166 Agaton / 2014-Jan 25-Year
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252 9.073498 126.1986 0.61 0.43 -0.18 Agaton / 2014-Jan 25-Year
253 9.073604 126.1992 0.725 0.5 -0.225 Agaton / 2014-Jan 25-Year
254  9.075818 126.1989 0.703 0 -0.703 Agaton / 2014-Jan 25-Year
255  9.077004 126.2005 0.2 0.05 -0.15 Agaton / 2014-Jan 25-Year
256  9.078393 126.1999 0.219 0.2 -0.019 Agaton / 2014-Jan 25-Year
257 9.080361 126.1982 0 0 0 Agaton / 2014-Jan 25-Year
258  9.082364 126.1952 0 1.3 1.3 Agaton / 2014-Jan 25-Year
259  9.082775 126.1983 0 0.48 0.48 Agaton / 2014-Jan 25-Year
260 9.082473 126.1954 0 0.59 0.59 Agaton / 2014-Jan 25-Year
261  9.073193 126.183 0.984 0.32 -0.664 Agaton / 2014-Jan 25-Year
262  9.074421 126.1826 1.586 0.31 -1.276 Agaton / 2014-Jan 25-Year
263  9.074508 126.1834 0.939 0.32 -0.619 Agaton / 2014-Jan 25-Year
264 9.068546 126.1894 0 0 0 Agaton / 2014-Jan 25-Year
265  9.054802 126.181 0.28 1.01 0.73 Agaton / 2014-Jan 25-Year
266 = 9.05447 126.1752 1.405 0 -1.405 Agaton / 2014-Jan 25-Year
267 9.052876 126.1798 0 0 0 Agaton / 2014-Jan 25-Year
268  9.046969 126.1624 3.046 0 -3.046 Agaton / 2014-Jan 25-Year
269  9.044089 126.1596 2.462 1.01 -1.452 Agaton / 2014-Jan 25-Year
270 9.051277 126.1641 2.67 0.71 -1.96 Agaton / 2014-Jan 25-Year
271  9.057837 126.1656 1.131 0.1 -1.031 Agaton / 2014-Jan 25-Year
272 9.060935 126.1642 1.566 0 -1.566 Agaton / 2014-Jan 25-Year
273  9.0603 126.1625 1.194 0 -1.194 Agaton / 2014-Jan 25-Year
274 9.061064 126.1598 2.346 0 -2.346 Agaton / 2014-Jan 25-Year
275  9.061031 126.1572 2.992 0 -2.992 Agaton / 2014-Jan 25-Year
276  9.081851 126.1727 0 0 0 Agaton / 2014-Jan 25-Year
277 9.069461 126.1693 1.562 0.62 -0.942 Agaton / 2014-Jan 25-Year
278  9.075662 126.1669 2.02 0.36 -1.66 Agaton / 2014-Jan 25-Year
279  9.074536 126.168 0.89 0 -0.89 Agaton / 2014-Jan 25-Year
280  9.059081 126.1655 1.403 0 -1.403 Agaton / 2014-Jan 25-Year
281  9.056679 126.1674 1.218 0 -1.218 Agaton / 2014-Jan 25-Year
282  9.075684 126.1968 0 0 0 Agaton / 2014-Jan 25-Year
283  9.073387 126.1932 0.266 0 -0.266 Agaton / 2014-Jan 25-Year
284 9.072885 126.1914 0.249 0 -0.249 Agaton / 2014-Jan 25-Year
285  9.073878 126.1924 0 0 0 Agaton / 2014-Jan 25-Year
286  9.073783 126.1942 0.132 0.04 -0.092 Agaton / 2014-Jan 25-Year
287  9.071671 126.193 0.159 0 -0.159 Agaton / 2014-Jan 25-Year
288 9.076604 126.1933 0 0 0 Agaton / 2014-Jan 25-Year
289  9.076448 126.1931 0 0 0 Agaton / 2014-Jan 25-Year
290 @ 9.07622 126.193 3.35 1.1 -2.25 Agaton / 2014-Jan 25-Year
291 9.075664 126.1956 0.194 0 -0.194 Agaton / 2014-Jan 25-Year
292  9.075372 126.1955 0 0.3 0.3 Agaton / 2014-Jan 25-Year
293 9.077281 126.1934 0 0 0 Agaton / 2014-Jan 25-Year
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294  9.077661 126.1938 0 0.15 0.15 Agaton / 2014-Jan 25-Year
295 9.079365 126.1507 3.216 1.7 -1.516 Agaton / 2014-Jan 25-Year
296  9.079083 126.1518 2.128 0.62 -1.508 Agaton / 2014-Jan 25-Year
297  9.07683 126.1665 2.2 0.37 -1.83 Agaton / 2014-Jan 25-Year
298 9.071464 126.1647 0.549 0 -0.549 Agaton / 2014-Jan 25-Year
299  9.069887 126.1684 1.094 0 -1.094 Agaton / 2014-Jan 25-Year
300 9.080512 126.1958 0 1.42 1.42 Agaton / 2014-Jan 25-Year
301  9.079287 126.1955 0 0.51 0.51 Agaton / 2014-Jan 25-Year
302 9.079465 126.1513 2.928 0.41 -2.518 Agaton / 2014-Jan 25-Year
303  9.079685 126.1512 0.269 0.64 0.371 Agaton / 2014-Jan 25-Year
304  9.063987 126.2009 0.326 1.94 1.614 Seniang / 2014-Dec 25-Year
305  9.049307 126.2006 0 0.49 0.49 Seniang / 2014-Dec 25-Year
306  9.068336 126.2036 0 0 0 Seniang / 2014-Dec 25-Year
307  9.069815 126.2021 0 0 0 Seniang / 2014-Dec 25-Year
308 @ 9.066068 126.1675 0.669 0.37 -0.299 Seniang / 2014-Dec 25-Year
309 9.061583 126.1622 0.67 0.32 -0.35 Seniang / 2014-Dec 25-Year
310 9.079567 126.192 0 0 0 Seniang / 2014-Dec 25-Year
311  9.078393 126.1917 0 0 0 Seniang / 2014-Dec 25-Year
312 9.077577 126.1907 0.139 0.61 0.471 Seniang / 2014-Dec 25-Year
313  9.077392 126.1904 0 0.61 0.61 Seniang / 2014-Dec 25-Year
314  9.076997 126.19 0 0.85 0.85 Seniang / 2014-Dec 25-Year
315 9.076532 126.1887 0 0.46 0.46 Seniang / 2014-Dec 25-Year
316  9.07654 126.1883 0.238 0.63 0.392 Seniang / 2014-Dec 25-Year
317 | 9.077234 126.1879 0 0 0 Seniang / 2014-Dec 25-Year
318  9.07792 126.1864 0 0 0 Seniang / 2014-Dec 25-Year
319 9.066128 126.1817 0 0.86 0.86 Seniang / 2014-Dec 25-Year
320 9.071123 126.1812 1.283 1.37 0.087 Seniang / 2014-Dec 25-Year
321 | 9.070238 126.1792 0.745 0.36 -0.385 Seniang / 2014-Dec 25-Year
322 9.058541 126.1723 0.845 0 -0.845 Seniang / 2014-Dec 25-Year
323  9.057149 126.1708 0.474 191 1.436 Seniang / 2014-Dec 25-Year
324  9.060011 126.1732 1.49 0.7 -0.79 Seniang / 2014-Dec 25-Year
325 9.061051 126.1753 0 0 0 Seniang / 2014-Dec 25-Year
326 9.061068 126.1759 0.705 0 -0.705 Seniang / 2014-Dec 25-Year
327  9.062307 126.1784 1.094 0.67 -0.424 Seniang / 2014-Dec 25-Year
328  9.062941 126.184 1.289 0.87 -0.419 Seniang / 2014-Dec 25-Year
329  9.060587 126.181 0 0.33 0.33 Seniang / 2014-Dec 25-Year
330 9.065022 126.1806 1.667 151 -0.157 Seniang / 2014-Dec 25-Year
331  9.066128 126.1817 0 0 0 Seniang / 2014-Dec 25-Year
332 9.066885 126.182 0.608 0.46 -0.148 Seniang / 2014-Dec 25-Year
333 9.083983 126.1687 1.937 0.85 -1.087 Seniang / 2014-Dec 25-Year
334 | 9.08301 126.1703 0.136 0.54 0.404 Seniang / 2014-Dec 25-Year
335 9.076951 126.171 1.809 0.53 -1.279 Seniang / 2014-Dec 25-Year
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336 9.074975 126.1699 0.162 0.22 0.058 Seniang / 2014-Dec 25-Year
337 9.070035 126.2014 0 0.85 0.85 Seniang / 2014-Dec 25-Year
338  9.064606 126.2013 0 0 0 Seniang / 2014-Dec 25-Year
339 9.065761 126.2011 0.875 1.39 0.515 Seniang / 2014-Dec 25-Year
340 9.066385 126.201 0 0.87 0.87 Seniang / 2014-Dec 25-Year
341 9.06704 126.2014 0 1 1 Seniang / 2014-Dec 25-Year
342 9.070272 126.1991 0.434 0.47 0.036 Seniang / 2014-Dec 25-Year
343  9.070035 126.1999 0 0 0 Seniang / 2014-Dec 25-Year
344 9.069177 0 0 0.15 0.15 Seniang / 2014-Dec 25-Year
345  9.069086 126.1979 0.255 1.2 0.945 Seniang / 2014-Dec 25-Year
346 | 9.069416 126.1977 0.732 13 0.568 Seniang / 2014-Dec 25-Year
347  9.076309 126.1942 0.139 1.2 1.061 Seniang / 2014-Dec 25-Year
348  9.074237 126.1961 1.974 1.63 -0.344 Seniang / 2014-Dec 25-Year
349  9.073961 126.1967 0.156 14 1.244 Seniang / 2014-Dec 25-Year
350 @ 9.073706 126.1968 0.164 11 0.936 Seniang / 2014-Dec 25-Year
351 9.073597 126.1972 0 0.59 0.59 Seniang / 2014-Dec 25-Year
352 9.073183 126.1971 0 1.44 1.44 Seniang / 2014-Dec 25-Year
353 | 9.073498 126.1986 0.174 0.95 0.776 Seniang / 2014-Dec 25-Year
354 9.073604 126.1992 0.288 0.23 -0.058 Seniang / 2014-Dec 25-Year
355  9.075818 126.1989 0.58 0 -0.58 Seniang / 2014-Dec 25-Year
356 @ 9.077004 126.2005 0.143 0.05 -0.093 Seniang / 2014-Dec 25-Year
357 9.078393 126.1999 0.167 0.2 0.033 Seniang / 2014-Dec 25-Year
358 9.080361 126.1982 0 0 0 Seniang / 2014-Dec 25-Year
359  9.082364 126.1952 0 13 13 Seniang / 2014-Dec 25-Year
360  9.082775 126.1983 0 0.48 0.48 Seniang / 2014-Dec 25-Year
361 9.082473 126.1954 0 0.59 0.59 Seniang / 2014-Dec 25-Year
362 9.073193 126.183 0.164 0.49 0.326 Seniang / 2014-Dec 25-Year
363 9.074421 126.1826 0.808 0.4 -0.408 Seniang / 2014-Dec 25-Year
364  9.074508 126.1834 0.238 0.57 0.332 Seniang / 2014-Dec 25-Year
365 9.068546 126.1894 0 0 0 Seniang / 2014-Dec 25-Year
366  9.054802 126.181 0.184 1.06 0.876 Seniang / 2014-Dec 25-Year
367 | 9.05447 126.1752 0.436 0 -0.436 Seniang / 2014-Dec 25-Year
368 9.052876 126.1798 0 0 0 Seniang / 2014-Dec 25-Year
369  9.046969 126.1624 2.195 0.12 -2.075 Seniang / 2014-Dec 25-Year
370  9.044089 126.1596 1.599 0.56 -1.039 Seniang / 2014-Dec 25-Year
371  9.051277 126.1641 1.833 1.28 -0.553 Seniang / 2014-Dec 25-Year
372 9.057837 126.1656 0.536 0.16 -0.376 Seniang / 2014-Dec 25-Year
373 9.060935 126.1642 0.636 0 -0.636 Seniang / 2014-Dec 25-Year
374  9.0603 126.1625 0.474 0 -0.474 Seniang / 2014-Dec 25-Year
375 9.061064 126.1598 1.408 26 24.592 Seniang / 2014-Dec 25-Year
376  9.061031 126.1572 1.982 0.52 -1.462 Seniang / 2014-Dec 25-Year
377  9.081851 126.1727 0 0 0 Seniang / 2014-Dec 25-Year
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378  9.069461 126.1693 0.739 0.62 -0.119 Seniang / 2014-Dec 25-Year
379 9.075662 126.1669 0.811 0.36 -0.451 Seniang / 2014-Dec 25-Year
380 9.074536 126.168 0 0 0 Seniang / 2014-Dec 25-Year
381 9.059081 126.1655 0.66 0 -0.66 Seniang / 2014-Dec 25-Year
382  9.056679 126.1674 0.52 0.47 -0.05 Seniang / 2014-Dec 25-Year
383 9.075684 126.1968 0 0.1 0.1 Seniang / 2014-Dec 25-Year
384  9.073387 126.1932 0.194 0 -0.194 Seniang / 2014-Dec 25-Year
385  9.072885 126.1914 0.188 0 -0.188 Seniang / 2014-Dec 25-Year
386 9.073878 126.1924 0 0 0 Seniang / 2014-Dec 25-Year
387  9.073783 126.1942 0.095 0.08 -0.015 Seniang / 2014-Dec 25-Year
388 9.071671 126.193 0.121 0 -0.121 Seniang / 2014-Dec 25-Year
389 | 9.076604 126.1933 0 0 0 Seniang / 2014-Dec 25-Year
390 9.076448 126.1931 0 0 0 Seniang / 2014-Dec 25-Year
391 9.07622 126.193 2.137 11 -1.037 Seniang / 2014-Dec 25-Year
392 9.075664 126.1956 0 1.52 1.52 Seniang / 2014-Dec 25-Year
393 9.075372 126.1955 0 0.3 0.3 Seniang / 2014-Dec 25-Year
394  9.077281 126.1934 0 0 0 Seniang / 2014-Dec 25-Year
395 9.077661 126.1938 0 0.37 0.37 Seniang / 2014-Dec 25-Year
396 9.079365 126.1507 2.455 1.23 -1.225 Seniang / 2014-Dec 25-Year
397  9.079083 126.1518 1.364 0.62 -0.744 Seniang / 2014-Dec 25-Year
398 9.07683 126.1665 1.056 0.37 -0.686 Seniang / 2014-Dec 25-Year
399 | 9.071464 126.1647 0.294 0.61 0.316 Seniang / 2014-Dec 25-Year
400 9.069887 126.1684 0.203 0.72 0.517 Seniang / 2014-Dec 25-Year
401  9.080512 126.1958 0 1.13 1.13 Seniang / 2014-Dec 25-Year
402  9.079287 126.1955 0 0.2 0.2 Seniang / 2014-Dec 25-Year
403 9.079465 126.1513 2.161 0.6 -1.561 Seniang / 2014-Dec 25-Year
404  9.079685 126.1512 0 0.8 0.8 Seniang / 2014-Dec 25-Year
405 | 9.063987 126.2009 0.44 1.5 1.5 Agaton / 2014-Jan 100-Year
406  9.049307 126.2006 0 0.27 0.49 Agaton / 2014-Jan 100-Year
407  9.068336 126.2036 0 0 0 Agaton / 2014-Jan 100-Year
408 | 9.069815 126.2021 0.104 0 -0.104 Agaton / 2014-Jan 100-Year
409 | 9.066068 126.1675 1.271 0.2 -0.901 Agaton / 2014-Jan 100-Year
410 9.061583 126.1622 1.024 0.32 -0.704 Agaton / 2014-Jan 100-Year
411 9.079567 126.192 0 0 0 Agaton / 2014-Jan 100-Year
412 9.078393 126.1917 0 0 0 Agaton / 2014-Jan 100-Year
413  9.077577 126.1907 0.207 0 0.403 Agaton / 2014-Jan 100-Year
414  9.077392 126.1904 0 0 0.61 Agaton / 2014-Jan 100-Year
415 | 9.076997 126.19 0 0.46 0.85 Agaton / 2014-Jan 100-Year
416  9.076532 126.1887 0.582 0 -0.122 Agaton / 2014-Jan 100-Year
417 9.07654 126.1883 1.226 0.46 -0.596 Agaton / 2014-Jan 100-Year
418  9.077234 126.1879 0.95 0 -0.95 Agaton / 2014-Jan 100-Year
419 9.07792 126.1864 0 0 0 Agaton / 2014-Jan 100-Year
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420 9.066128 126.1817 0.534 0.8 0.326 Agaton / 2014-Jan 100-Year
421 9.071123 126.1812 1.89 0.35 -0.52 Agaton / 2014-Jan 100-Year
422 | 9.070238 126.1792 1.391 0 -1.031 Agaton / 2014-Jan 100-Year
423  9.058541 126.1723 1.427 0 -1.427 Agaton / 2014-Jan 100-Year
424 | 9.057149 126.1708 0.994 1.6 0.916 Agaton / 2014-Jan 100-Year
425 | 9.060011 126.1732 2.059 1.04 -1.359 Agaton / 2014-Jan 100-Year
426 | 9.061051 126.1753 0 0 0 Agaton / 2014-Jan 100-Year
427  9.061068 126.1759 1.145 0 -1.145 Agaton / 2014-Jan 100-Year
428 | 9.062307 126.1784 1.588 0.93 -0.918 Agaton / 2014-Jan 100-Year
429 | 9.062941 126.184 1.87 0 -1 Agaton / 2014-Jan 100-Year
430 | 9.060587 126.181 0.632 0 -0.302 Agaton / 2014-Jan 100-Year
431 | 9.065022 126.1806 2.236 0 -0.726 Agaton / 2014-Jan 100-Year
432 | 9.066128 126.1817 0.534 0 -0.534 Agaton / 2014-Jan 100-Year
433 | 9.066885 126.182 1.179 0.2 -0.719 Agaton / 2014-Jan 100-Year
434 | 9.083983 126.1687 2.411 0.7 -1.561 Agaton / 2014-Jan 100-Year
435 9.08301 126.1703 0.657 0 -0.117 Agaton / 2014-Jan 100-Year
436 | 9.076951 126.171 2.52 0.77 -1.99 Agaton / 2014-Jan 100-Year
437 9.074975 126.1699 0.987 0 -0.767 Agaton / 2014-Jan 100-Year
438 9.070035 126.2014 0.097 0.98 0.753 Agaton / 2014-Jan 100-Year
439 | 9.064606 126.2013 0 0 0 Agaton / 2014-Jan 100-Year
440 | 9.065761 126.2011 1.16 1.39 0.23 Agaton / 2014-Jan 100-Year
441 | 9.066385 126.201 0 0.88 0.87 Agaton / 2014-Jan 100-Year
442 9.06704 126.2014 0.346 1 0.654 Agaton / 2014-Jan 100-Year
443 | 9.070272 126.1991 0.669 0.56 -0.199 Agaton / 2014-Jan 100-Year
444 | 9.070035 126.1999 0 0 0 Agaton / 2014-Jan 100-Year
445 9.069177 0 0 0.15 0.15 Agaton / 2014-Jan 100-Year
446 | 9.069086 126.1979 0.491 1.2 0.709 Agaton / 2014-Jan 100-Year
447 | 9.069416 126.1977 0.966 1.3 0.334 Agaton / 2014-Jan 100-Year
448 | 9.076309 126.1942 0.162 1 1.038 Agaton / 2014-Jan 100-Year
449 | 9.074237 126.1961 2.517 1.5 -0.887 Agaton / 2014-Jan 100-Year
450 | 9.073961 126.1967 0.597 1.45 0.803 Agaton / 2014-Jan 100-Year
451  9.073706 126.1968 0.623 1.78 0.477 Agaton / 2014-Jan 100-Year
452 9.073597 126.1972 0 0.41 0.59 Agaton / 2014-Jan 100-Year
453 | 9.073183 126.1971 0.364 0.84 1.076 Agaton / 2014-Jan 100-Year
454  9.073498 126.1986 0.477 0.43 0.473 Agaton / 2014-Jan 100-Year
455 | 9.073604 126.1992 0.592 0.5 -0.362 Agaton / 2014-Jan 100-Year
456 | 9.075818 126.1989 0.661 0 -0.661 Agaton / 2014-Jan 100-Year
457 | 9.077004 126.2005 0.179 0.05 -0.129 Agaton / 2014-Jan 100-Year
458 | 9.078393 126.1999 0.185 0.2 0.015 Agaton / 2014-Jan 100-Year
459 9.080361 126.1982 0 0 0 Agaton / 2014-Jan 100-Year
460 | 9.082364 126.1952 0 1.3 1.3 Agaton / 2014-Jan 100-Year
461 9.082775 126.1983 0 0.48 0.48 Agaton / 2014-Jan 100-Year
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NE::’ter Model Va!ldatnon Error (m) Event/Date Return/
Lat Long Var (m) Points (m) Scenario

462 9.082473 126.1954 0 0.59 0.59 Agaton / 2014-Jan 100-Year
463 9.073193 126.183 0.635 0.32 -0.145 Agaton / 2014-Jan 100-Year
464  9.074421 126.1826 1.261 0.31 -0.861 Agaton / 2014-Jan 100-Year
465 | 9.074508 126.1834 0.643 0.32 -0.073 Agaton / 2014-Jan 100-Year
466  9.068546 126.1894 0 0 0 Agaton / 2014-Jan 100-Year
467  9.054802 126.181 0.242 1.01 0.818 Agaton / 2014-Jan 100-Year
468 | 9.05447 126.1752 1.012 0 -1.012 Agaton / 2014-Jan 100-Year
469 | 9.052876 126.1798 0 0 0 Agaton / 2014-Jan 100-Year
470 9.046969 126.1624 2.7 0 -2.58 Agaton / 2014-Jan 100-Year
471  9.044089 126.1596 2.112 1.01 -1.552 Agaton / 2014-Jan 100-Year
472  9.051277 126.1641 2.326 0.71 -1.046 Agaton / 2014-Jan 100-Year
473  9.057837 126.1656 0.871 0.1 -0.711 Agaton / 2014-Jan 100-Year
474  9.060935 126.1642 1.142 0 -1.142 Agaton / 2014-Jan 100-Year
475 | 9.0603 126.1625 0.91 0 -0.91 Agaton / 2014-Jan 100-Year
476 | 9.061064 126.1598 1.943 0 24.057 Agaton / 2014-Jan 100-Year
477 9.061031 126.1572 2.568 0 -2.048 Agaton / 2014-Jan 100-Year
478  9.081851 126.1727 0 0 0 Agaton / 2014-Jan 100-Year
479  9.069461 126.1693 1.187 0.62 -0.567 Agaton / 2014-Jan 100-Year
480 9.075662 126.1669 1.557 0.36 -1.197 Agaton / 2014-Jan 100-Year
481  9.074536 126.168 0.392 0 -0.392 Agaton / 2014-Jan 100-Year
482 | 9.059081 126.1655 1.025 0 -1.025 Agaton / 2014-Jan 100-Year
483  9.056679 126.1674 0.867 0 -0.397 Agaton / 2014-Jan 100-Year
484 9.075684 126.1968 0 0 0.1 Agaton / 2014-Jan 100-Year
485  9.073387 126.1932 0.235 0 -0.235 Agaton / 2014-Jan 100-Year
486  9.072885 126.1914 0.22 0 -0.22 Agaton / 2014-Jan 100-Year
487 9.073878 126.1924 0 0 0 Agaton / 2014-Jan 100-Year
488  9.073783 126.1942 0.116 0.04 -0.036 Agaton / 2014-Jan 100-Year
489 | 9.071671 126.193 0.141 0 -0.141 Agaton / 2014-Jan 100-Year
490 9.076604 126.1933 0 0 0 Agaton / 2014-Jan 100-Year
491 9.076448 126.1931 0 0 0 Agaton / 2014-Jan 100-Year
492 | 9.07622 126.193 2.881 11 -1.781 Agaton / 2014-Jan 100-Year
493 | 9.075664 126.1956 0 0 1.52 Agaton / 2014-Jan 100-Year
494 9.075372 126.1955 0 0.3 0.3 Agaton / 2014-Jan 100-Year
495  9.077281 126.1934 0 0 0 Agaton / 2014-Jan 100-Year
496 @ 9.077661 126.1938 0 0.15 0.37 Agaton / 2014-Jan 100-Year
497  9.079365 126.1507 2.877 1.7 -1.647 Agaton / 2014-Jan 100-Year
498  9.079083 126.1518 1.8 0.62 -1.18 Agaton / 2014-Jan 100-Year
499 | 9.07683 126.1665 1.769 0.37 -1.399 Agaton / 2014-Jan 100-Year
500 9.071464 126.1647 0.316 0 0.294 Agaton / 2014-Jan 100-Year
501  9.069887 126.1684 0.687 0 0.033 Agaton / 2014-Jan 100-Year
502 9.080512 126.1958 0 1.42 1.13 Agaton / 2014-Jan 100-Year
503  9.079287 126.1955 0 0.51 0.2 Agaton / 2014-Jan 100-Year
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504  9.079465 126.1513 2.597 0.41 -1.997 Agaton / 2014-Jan 100-Year
505 9.079685 126.1512 0 0.64 0.8 Agaton / 2014-Jan 100-Year
506  9.063987 126.2009 0.525 1.94 1.415 Seniang / 2014-Dec 100-Year
507  9.049307 126.2006 0 0.49 0.49 Seniang / 2014-Dec 100-Year
508  9.068336 126.2036 0 0 0 Seniang / 2014-Dec 100-Year
509  9.069815 126.2021 0.12 0 -0.12 Seniang / 2014-Dec 100-Year
510 9.066068 126.1675 1.67 0.37 -1.3 Seniang / 2014-Dec 100-Year
511 9.061583 126.1622 1.319 0.32 -0.999 Seniang / 2014-Dec 100-Year
512 9.079567 126.192 0 0 0 Seniang / 2014-Dec 100-Year
513  9.078393 126.1917 0 0 0 Seniang / 2014-Dec 100-Year
514  9.077577 126.1907 0.382 0.61 0.228 Seniang / 2014-Dec 100-Year
515  9.077392 126.1904 0.18 0.61 0.43 Seniang / 2014-Dec 100-Year
516  9.076997 126.19 0.121 0.85 0.729 Seniang / 2014-Dec 100-Year
517  9.076532 126.1887 0.97 0.46 -0.51 Seniang / 2014-Dec 100-Year
518 9.07654 126.1883 1.644 0.63 -1.014 Seniang / 2014-Dec 100-Year
519 9.077234 126.1879 1.377 0 -1.377 Seniang / 2014-Dec 100-Year
520 @ 9.07792 126.1864 0 0 0 Seniang / 2014-Dec 100-Year
521  9.066128 126.1817 0.899 0.86 -0.039 Seniang / 2014-Dec 100-Year
522 9.071123 126.1812 2.292 1.37 -0.922 Seniang / 2014-Dec 100-Year
523  9.070238 126.1792 1.813 0.36 -1.453 Seniang / 2014-Dec 100-Year
524  9.058541 126.1723 1.83 0 -1.83 Seniang / 2014-Dec 100-Year
525  9.057149 126.1708 1.394 191 0.516 Seniang / 2014-Dec 100-Year
526 9.060011 126.1732 2.443 0.7 -1.743 Seniang / 2014-Dec 100-Year
527  9.061051 126.1753 0 0 0 Seniang / 2014-Dec 100-Year
528 @ 9.061068 126.1759 1.467 0 -1.467 Seniang / 2014-Dec 100-Year
529 9.062307 126.1784 1.966 0.67 -1.296 Seniang / 2014-Dec 100-Year
530 9.062941 126.184 2.266 0.87 -1.396 Seniang / 2014-Dec 100-Year
531 9.060587 126.181 0.986 0.33 -0.656 Seniang / 2014-Dec 100-Year
532 9.065022 126.1806 2.617 1.51 -1.107 Seniang / 2014-Dec 100-Year
533  9.066128 126.1817 0.899 0 -0.899 Seniang / 2014-Dec 100-Year
534  9.066885 126.182 1.551 0.46 -1.091 Seniang / 2014-Dec 100-Year
535 9.083983 126.1687 2.705 0.85 -1.855 Seniang / 2014-Dec 100-Year
536 9.08301 126.1703 0.97 0.54 -0.43 Seniang / 2014-Dec 100-Year
537  9.076951 126.171 2.951 0.53 -2.421 Seniang / 2014-Dec 100-Year
538 9.074975 126.1699 1.496 0.22 -1.276 Seniang / 2014-Dec 100-Year
539  9.070035 126.2014 0.112 0.85 0.738 Seniang / 2014-Dec 100-Year
540  9.064606 126.2013 0 0 0 Seniang / 2014-Dec 100-Year
541 9.065761 126.2011 1.278 1.39 0.112 Seniang / 2014-Dec 100-Year
542  9.066385 126.201 0 0.87 0.87 Seniang / 2014-Dec 100-Year
543 9.06704 126.2014 0.466 1 0.534 Seniang / 2014-Dec 100-Year
544  9.070272 126.1991 0.82 0.47 -0.35 Seniang / 2014-Dec 100-Year
545  9.070035 126.1999 0 0 0 Seniang / 2014-Dec 100-Year
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546  9.069177 0 0 0.15 0.15 Seniang / 2014-Dec 100-Year
547 9.069086 126.1979 0.641 1.2 0.559 Seniang / 2014-Dec 100-Year
548  9.069416 126.1977 1.119 13 0.181 Seniang / 2014-Dec 100-Year
549  9.076309 126.1942 0.438 1.2 0.762 Seniang / 2014-Dec 100-Year
550 9.074237 126.1961 2.82 1.63 -1.19 Seniang / 2014-Dec 100-Year
551  9.073961 126.1967 0.905 1.4 0.495 Seniang / 2014-Dec 100-Year
552 | 9.073706 126.1968 0.933 11 0.167 Seniang / 2014-Dec 100-Year
553  9.073597 126.1972 0.243 0.59 0.347 Seniang / 2014-Dec 100-Year
554 9.073183 126.1971 0.674 1.44 0.766 Seniang / 2014-Dec 100-Year
555  9.073498 126.1986 0.61 0.95 0.34 Seniang / 2014-Dec 100-Year
556 @ 9.073604 126.1992 0.725 0.23 -0.495 Seniang / 2014-Dec 100-Year
557 @ 9.075818 126.1989 0.703 0 -0.703 Seniang / 2014-Dec 100-Year
558 @ 9.077004 126.2005 0.2 0.05 -0.15 Seniang / 2014-Dec 100-Year
559  9.078393 126.1999 0.219 0.2 -0.019 Seniang / 2014-Dec 100-Year
560 9.080361 126.1982 0 0 0 Seniang / 2014-Dec 100-Year
561 9.082364 126.1952 0 1.3 1.3 Seniang / 2014-Dec 100-Year
562  9.082775 126.1983 0 0.48 0.48 Seniang / 2014-Dec 100-Year
563  9.082473 126.1954 0 0.59 0.59 Seniang / 2014-Dec 100-Year
564 9.073193 126.183 0.984 0.49 -0.494 Seniang / 2014-Dec 100-Year
565  9.074421 126.1826 1.586 0.4 -1.186 Seniang / 2014-Dec 100-Year
566 @ 9.074508 126.1834 0.939 0.57 -0.369 Seniang / 2014-Dec 100-Year
567  9.068546 126.1894 0 0 0 Seniang / 2014-Dec 100-Year
568 9.054802 126.181 0.28 1.06 0.78 Seniang / 2014-Dec 100-Year
569 | 9.05447 126.1752 1.405 0 -1.405 Seniang / 2014-Dec 100-Year
570 @ 9.052876 126.1798 0 0 0 Seniang / 2014-Dec 100-Year
571 9.046969 126.1624 3.046 0.12 -2.926 Seniang / 2014-Dec 100-Year
572 9.044089 126.1596 2.462 0.56 -1.902 Seniang / 2014-Dec 100-Year
573  9.051277 126.1641 2.67 1.28 -1.39 Seniang / 2014-Dec 100-Year
574  9.057837 126.1656 1.131 0.16 -0.971 Seniang / 2014-Dec 100-Year
575  9.060935 126.1642 1.566 0 -1.566 Seniang / 2014-Dec 100-Year
576 @ 9.0603 126.1625 1.194 0 -1.194 Seniang / 2014-Dec 100-Year
577  9.061064 126.1598 2.346 26 23.654 Seniang / 2014-Dec 100-Year
578 9.061031 126.1572 2.992 0.52 -2.472 Seniang / 2014-Dec 100-Year
579  9.081851 126.1727 0 0 0 Seniang / 2014-Dec 100-Year
580 9.069461 126.1693 1.562 0.62 -0.942 Seniang / 2014-Dec 100-Year
581  9.075662 126.1669 2.02 0.36 -1.66 Seniang / 2014-Dec 100-Year
582  9.074536 126.168 0.89 0 -0.89 Seniang / 2014-Dec 100-Year
583  9.059081 126.1655 1.403 0 -1.403 Seniang / 2014-Dec 100-Year
584  9.056679 126.1674 1.218 0.47 -0.748 Seniang / 2014-Dec 100-Year
585 9.075684 126.1968 0 0.1 0.1 Seniang / 2014-Dec 100-Year
586  9.073387 126.1932 0.266 0 -0.266 Seniang / 2014-Dec 100-Year
587  9.072885 126.1914 0.249 0 -0.249 Seniang / 2014-Dec 100-Year
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588 @ 9.073878 126.1924 0 0 0 Seniang / 2014-Dec 100-Year
589  9.073783 126.1942 0.132 0.08 -0.052 Seniang / 2014-Dec 100-Year
590 9.071671 126.193 0.159 0 -0.159 Seniang / 2014-Dec 100-Year
591 @ 9.076604 126.1933 0 0 0 Seniang / 2014-Dec 100-Year
592  9.076448 126.1931 0 0 0 Seniang / 2014-Dec 100-Year
593 | 9.07622 126.193 3.35 11 -2.25 Seniang / 2014-Dec 100-Year
594 | 9.075664 126.1956 0.194 1.52 1.326 Seniang / 2014-Dec 100-Year
595  9.075372 126.1955 0 0.3 0.3 Seniang / 2014-Dec 100-Year
596 9.077281 126.1934 0 0 0 Seniang / 2014-Dec 100-Year
597  9.077661 126.1938 0 0.37 0.37 Seniang / 2014-Dec 100-Year
598  9.079365 126.1507 3.216 1.23 -1.986 Seniang / 2014-Dec 100-Year
599 @ 9.079083 126.1518 2.128 0.62 -1.508 Seniang / 2014-Dec 100-Year
600 @ 9.07683 126.1665 2.2 0.37 -1.83 Seniang / 2014-Dec 100-Year
601  9.071464 126.1647 0.549 0.61 0.061 Seniang / 2014-Dec 100-Year
602 9.069887 126.1684 1.094 0.72 -0.374 Seniang / 2014-Dec 100-Year
603 9.080512 126.1958 0 1.13 1.13 Seniang / 2014-Dec 100-Year
604  9.079287 126.1955 0 0.2 0.2 Seniang / 2014-Dec 100-Year
605  9.079465 126.1513 2.928 0.6 -2.328 Seniang / 2014-Dec 100-Year
606 9.079685 126.1512 0.269 0.8 0.531 Seniang / 2014-Dec 100-Year
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ANNEX 12. Educational Institutions Affected by Flooding in Tandag Floodplain
Table A-12.1. Educational Institutions Affected by Flooding in Tandan Floodplain

Surigao del SurSurigao del Sur

Building Name

Awasian Elementary School

Sain Peregrine Learning Center
Tandag Central Elementary School
Bioto Elementary School

Bongtud Elementary School

St. Theresa College

Bongtud Elementary School

St. Theresa College

Telaje Elementary School

San Isidro Elementary School

Quezon Elementary School

Tandag National Science High School
Vicente Pimentel National High School
Engr. Nestor Ty Memorial Elementary School

ANNEX Engr. Nestor Ty Memorial Elementary
School

San Isidro Elementary School

San Jose Elementary School
Jacinto P. Elpa National High School
Quintos Elementary School

Saint Thomas Mentoring Center
Tandag Christian School

Telaje Elementary School

Tandag City
Barangay

Awasian

Bagong Lungsod
Bagong Lungsod
Bioto
Bongtod Poblacion
Bongtod Poblacion
Dagocdoc
Dagocdoc
Dagocdoc
Maticdum
Quezon
Quezon
Quezon
San Agustin Sur
San Agustin Sur

San Isidro
San Jose
Telaje
Telaje
Telaje
Telaje

Telaje
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Medium  Medium  Medium

Low Low Low

Medium = Medium | Medium
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ANNEX 13. Health Institutions Affected by Flooding in Tandag Floodplain
Table A-13.1. Health Institutions Affected by Flooding in Tandag Floodplain

Surigao del SurSurigao del Sur

Tandag City
Rainfall Scenario
Building Name Barangay
5-year 25-year 100-year
Pama Polyclinic Bagong Lungsod
Adela Serra Ty Memorial Medical Center Telaje
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