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Abstract

The September 200Bash floods caused by Tropical Storm (TS) Ketsana (Local Name:
Ondoy that devastated Metro Manila and its surroundiegemplified the need for an
accurate and reliable flood forecasting tool for determining the possible duration and extents
of floods and for assessing the risks due to this disabBkes. project wasproposed and
implementedn response for this needsing the Marikina RiveBasinas pilot area, a flood

model was developed using a framework that utiliieltl observations, Remote Sensing
(RS), Geographic Information System (GIS), amgmerical modelingThe flood model
consists of two component3he fird component deals with the upstream watershed
hydrology, wherein a hydrological modebsed on HEC HMS wadeveloped to estimate

how much runoff is produced during a rainfall event. The second component deals with the
river and flood plain hydraulicarhich aims to determine the behavior of water coming from

the upstream watershed as it enters the main river and travels downstream towards the sea.
This was done using HEC RAS. Theawanation of HEC HMS and HEC RA®sulted into

a flood model thatan beusedfor a variety of purposes: (1) for water level forecasting and
flood inundation extent monitoring, (2) for reconstruction of actual flood events, (3) for
simulation of flooding due to hypothetical extreme rainfall events, and (4) for flood hazard
mappingand assessment. To explore the usefulness and the repeatability of the methodology
developed and utilized in this project, it has been applied in the San Juan River Basin

The proj ect Oase avadapleanlinedittp:/jdgetusd.edu.ph/proj3Tfwo online
applications have been developed through the project: | aM AWaRE and Marikina RELIEF.
aM AWaRe (or Inundation Monitoring And Water Level Foreasting in Rivers,
http://iamawareph.wordpress.com) is @anline geevisualization tool for monitoringléod
inundation and forecasting of water levels in rivers as applied to the Marikina, San Juan and
Pasig Rivers in Metro Manila, Philippine©n the other hand, Marikina RELIEF
(http://mrbforecast.wordpress.cpms an online application that provides watkvel
forecasts at three locations along Marikina Rivefhe information displayed in these
apdications are results of flood models developed by the project.

The project was also a contributor to Project NOAH (Nationwide Operational Assessment of
Hazardg, http://noah.dost.gov.ph) through uploading of freat time flood inundation
extents to its website. The flood inundation extent information which are updated every 10
minutes (depending on data availability) is similar to the ones displayed irathéAWaRe
application.
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Chapter 1. Introduction

Background

Floods are a persistent problem that needs to be addressed in a more scientific way in
order to mitigate its costly impacts to properties and hulwes. Flashfloods, in particular,
are among the most destructive natural disasters that ggdge and infrastructureand t
is not surprising that forecasting such events has increasingly bedugte @iority in many
countrieq1].

o

Without flo

M

-

Figure 1. Flooding in Marikina River during the August 2012 Habagat event. (Photo credits: Google
Earth, newsinfo.inquirer.net)

In the Philippines, the September 2009 flooding caused by Tropical Storm (TS)
Ketsana (Local NameOndoy that devastated Metro Manila and its surroundif®js
exemplified the need for an accurate aaliable flood forecasting tool for determining the
possible duration and extents of floods and for assessing the risks due to this disaster. It can
be recalled that on September 26, 2009, TS
than 24 hours ancaused flooding in Metro Manila, killing at least 300 people and displacing
another 700,0003]. The need for an accurate and reliable flood monitoring and water level
forecasting tools for the Marikin@iver has again been exemplified in August 2012 when an
eightday period of torrential rain and thunderstorms brought about by the strong movement
of the Southwest Monsoon caused the Marikina River to overflow and brought damages to
places near the banks the river. The intense, nonstop rains that occurred from August 1 to
August 8, 2012 have been informally known Habagat The event caused the heaviest
damage in Metnpolitan Manila since TS Ketsajd]. The same scenario happened again in
August 2013when heavy to torrential rains (7.5 mm/hr to as much as 30 mm/hr or
more)were pouring over Metro Manila and nearby provinces. Raining continued for more
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than 3 days and caused flooding in different sreaost especially in the vicinity of
Marikina, San Juan and Pasig Riveks the flood plain is host to densely populated areas as
well as commercial and industrial zones, flooding due to overflowing of therasattedto
significant damage to humanwdis and properties.

Statement of the Problem

In the case of Marikina River, several water level and rainfall monitoring stations are
in place within and near the MRB and along the Marikina River that can provittedape
status of water levels at selatteections of the main river, and of rainfall depth at different
locations. While these monitoring stations are helpful, what remains to be lacking is a system
that can provide two levels of informatiodniring the occurrence of flood event$) neasreal
time information on the status of water levels all throughout the river, especially if one
wanted to know the current extent of flooding along the river and the areas that are presently
flooded, and (2) forecasts on how water level will rise (or reced#ijfatent locations along
the river as rainfall events occur in the MRB. Providing this kind of information is useful in
informing the public as to the current extent and depth of flooding in the Marikina River that
could then assist in preparation folaeuation. This will also aid in estimating the severity of
damage as flooding progresses.

Objectives

The main objective of this research is the development of a flood rogdsillizing
field observations,Remote SensingdRS), Geographic Information Syste (GIS), and
hydrological simulationsThe detailed objectivesre:

1. To generate necessary data/informativom different sources such as remotely
sensed images, seying and cartographic data, form the basic inputs of tHod
model

2. To devéop a flood simulation model suitable for Philippine setting, particularly the
case of Marikina River flood plain as the area of interest; and

3. To incorporate all components into a Geographic Information System environment
for the modeling, simulationanalysis and information retrieval tool for disaster
response and prevention.

Significance

The model can be eventually applied at an operational scale by the flood forecasting
and warning system (FFWS) program of PAGASA and the flood control offices argheof
interest.

This modelcanalso provide the details necessary for the development of an accurate
and reliable forecasting for assessing disaster risks. Examples of which are estimated extent,
duration, degree (depths) of the flood that is abowictur at any given amount of rainfall,
evacuation and relief operation route, cost estimate of damaged properties, etc.



The project can be a first step in the study of the characteristics of flooding events
from extreme rainfall conditions. Such charads can be incorporated to the model
through the use of Rainfall Intensity Duration Frequency Curves (RIBRFs of extreme
rainfall events in different areas in the country have been generated by the PAB2ASA
through statistical analysis of hisizal data.lf successful, the output will help us analyze and
understand the characteristics oflsdloods caused by torrential rainfats risk implications
for the community ands effects to the environment.

The Project Area

The pilot areafor flood model developmenis the Marikina River Basin and its
floodplains-- specifically those within the lower part of the MarikiRasig River Basin and
the floodplain where the municipalities of Rodriguez, San Mateo, and the cities ofrdarik
and Pasig arease locatedKigure?2).
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Scientific Basis/ Theoretical Framework

A simple modeling framework={gure3) is adapted to implement the proje&tflood
model is composed of two components. The first component deals with the upstream
watershed hydrology, wherein a hydrological model is developed to estimate how much
runoff is produced during a rainfall event. The second component deals with the river and
flood plain hydraulics which aims to determine thehaviorof water coming from the
upstream watershed as it enters the main river and travels downstream towards the sea.

downstream towards the sea?

Figure 3. The theoretical framework adapted in project implementation.

With these two componentombined, a flood forecasting tool is developed and this
could beused to answer several floodlated questions. For example,

1 Will the runoff produced by rainfall cause overflowing of the river such that flooding
occurs?

1 When and where does flooding occur, if it will to occur?
1 How deep is the flood water?

The flood model can also be used to reconstruct past flood events. Reconstructing
flood events caused by heavy/torrential rains can assist in understandingldumiing
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occurs, and in mapping areas that were flooded. If an area has been flooded bsimi@git
likely that it will be flooded again in the near future. If this is known through flood
reconstruction, then it is easy to pinpoint which areas arebdoavoided should
heavy/torrential rains will pour over the area.

Another application of the flood model is to generate flood hazard magegps that
categorizes flood hazard based on depth of water (low: less than 0.5 m; medium: greater than
or equal tdd.5 m but less than 1.5 m.; high: greater than or equal to 1.5 m). This can be done
by simulating the effects of hypothetical, extreme rainfall events (e.g., rainfall events with
different return periods) to the generation of runoff in upstream watershadsthen
determining the behavior of water coming from the upstream watershed as it enters the main
river, including its overflow from the banks towards the flood plain.

For neaireal time applications, the flood model can also be used to generateethe lat
flood inundation extent by using actual (recorded) water level from monitoring stations
instead of discharge data simulated by the watershed hydrologic model.

To implement this framework, the study area needs to be schematized, i.e., we
separate the dbd plains from the upstream watersheds and look for the locatibee w
water from the upstream watersheds enters the fltzaal. @ his is illustrated ifrigure4.

Overview of Methodology

Figure 5 provi des an overview of Althodgle thepr oj ec
methodology consists of several sets of procedures, it can be summarized into three major
components: field observatiorsgcondary data collection, and flood model development and
applications.

Field observations airto gathemprimary topographic, hydrographic and hydrological
datanecessary for flood model developmenhis includesiver and floodplain geometries
(in ternms of river profile, bed topography and river cresgtions), rainfall, water level and
water velocity. Rive and flood plain geometries weeellected using surveying instruments
such as Global Positioning Systems (GPS), total station, digital levelg|leess singlebeam
and multtbeam echosounderSBES/MBES) Hydrological data wereollected through
simultaneousinstallation of datalogging sensors (rain gauge, depth gaam,velocity
meters) in specific period of time.

In addition to field observains, ®llection of secondary data aims to compile spatial
and hydrological datasets that ateorequiredin developing the flood modefuch @tasets
include Digital Elevation Models (DEMs), digital elevation data.g., contours and spot
heights) hydological data (water level and rainfall) recorded by monitoring statgaisllite
images, and administrative boundaries, among others.

All data that has been collected were then processed, analyzed and intigoaighl
GISto create a databasé spatal and hydrological datalhis database was then utilized in
the developnent calibraton and validation othe flood model. The flood model consisted of
upstream hydrological model based on the Hydrologic Eeging Center (HEC)i
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Hydrological Modeling System (HMS), and the river and floodplain hydraulic model based
on HECT RAS (River Analysis System). After calibration and validation, the flood model
was then applied to reconstruct actual flood eveéatsieate flood hazard maped fornear

realtime inundation monitoring and water levekécasting. GIS is an important tool in the
projectdos methodol ogy as It made possible
validation and application, including development of onlinaiafization tools. However, it

should be noted that the us€ GIS in this project is not only as a software but mora of
system for collecting, storing, retrieving at will, transforming, and displaying spatiaj5]ata
including hydrological datdpr flood modeling applications.
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Datasets Used

Table 1 summarizes the datasets used in the project, some of which were obtained
through field observation, and most are through secondary data collection.

Expected Outputs

The following are the exgrted outputs of the project for the pilot area which is the
Marikina River and its floodplain:

1. Flood model consist of HEC HMS and HEC RAS
a. for water level forecasting and flood inundation extent monitoring
b. for reconstruction of actual flood events
c. for simulation of flooding due to hypothetical, extreme rainfall events
2. Simulation of the flooding events that have ocadirre
3. Flood extent and flood height information in the project area during the flooding
event as simulated by the flood models (flood depips)
4. Flood hazard maps of the project area.

To explore the usefulness and the repeatability of the methodology developed and
utilized in this project, it has been applied in the San Juan River Basin where the above list of
outputs was also generated.

Structure of this Report

This report has ILchapters. Chapter 1 (this chapter) has provided an introduction on
why this project was conducted, its objectives, significance, methodology and expected
outputs. Chapter 2 provides a review of related literatereaming to the objectives of the
project. The next chapters provide individual discussions on how the project objectives were
attained for the Marikina RiveBasin as well as reports on the application of the
methodology in the San Juan River Basiimetwo dimensional approach in modeling floods
in Marikina River is discussed in Chapter 10. The findings, conclusions and
recommendations are summarized in Chapter 11. An appendix of publishable and published
reports is also included.



Table 1. Summary of datasets used in the project.

Type of Data

Dataset name

Purpose

Source/Method of Collection

Elevation profile

HEC HMS and HEC RAS
model development and
parameterization

Field observation

River and Crosssection HEC HMS and HEC RAS Field observation
Floodplain model development and
Geometry parameterization
Bed topography HEC HMS and HEC RAS Field observation
model development and
parameterization
Water level HEC HMS and HEC RAS Field observation and secondary d
modelcalibrationand collection (from EFCOS and ASTI
validation monitoring stations)
Hydrological Water velocity HEC HMS model calibration | Field observation
Data and validation
Rainfall HEC HMS model calibration | Field observation ansecondary datz
and validation collection (from EFCOS and ASTI
monitoring stations)
RIDF Curves Generation ofime series of | DOST PAGASA
24-hour hypotheticakainfall
evens with return periods of
2,5, 10, 25,50 and 100 year
Metro Manila HEC HMS model PHIVOLCS
MMEIRS Elevation | development and
Data parameterization
NAMRIA 1:50,000 | HEC HMS model NAMRIA
Topographic Maps | development and
parameterization
DEMs:
- ASTER HEC HMS model NASA Reverb
GDEM development and http:/freverhechonasagov/
parameterization
- LIDAR DEM HEC RAS model Collective Strengthening of
parameterization and flood | Community Awareness for Natural
Spatial Data inundation and hazard Disasters (CSCAND)

mapping

Satellite Images:

- ALOS Land-cover and surface NAMRIA; SMTFCMMS-Project 4
AVNIR-2 roughness estimatidior HEC
HMS and HEC RAS
- Worldview-2 Land-cover and surface Purchased
roughness estimation for HE(
HMS and HEC RAS
- ALOS Validation offlood model Purchased
PALSAR generatednundation extents
- RADARSAT 2 | Validation of floodmodel Purchased

generated inundation extents
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Chapter 2. Literature Review

Flood s and Flash-floods

Flood is an overflowing of theormalconfines of astreamor other body of water, or
the accumulation of water over areas that are not normally submgdelooding may
occur if there is an overflow of water from water bodmschas river or lake, or it may occur
due to an accumulation of rainwater onusated ground7]. Some floods develop slowly,
while others such a$ashfloods can develop in just a few minutes and without visible signs
of rain. According to the United Nations, floods have the greatest damage potential of all
natural disasterworldwide and affect the greatest number of pefdjle

The United NationgEEconomic and Social Comigsion for Asia and the Paciffavea
simple yet informative description of the flooding procggs When heavy storm rainfall
occurs, the precipitation will initially be intercepted on vegetation or infiltrated into the soill,
where it will build up soil moisture levels and reduce infiltration capacityel\this capacity
is exceeded, overland flow will commence and a bugdf surface rwoff, flowing towards
the nearest watercourse, will commence. Once thi®fureaches a watercourse, the rate of
streamflow will commence to increase and, if the $ub run-off continues, to cause the
stream to rise and perhaps overflow its banks. At the same time, precipitation which has
infiltrated into the soil may move laterally as interflow or, at a deeper level, as groundwater
flow, and eventually enter the tesicourse and supplement the flood streamflow.

Floods have important characteristics which can help determine the magnitude and
cost of their disastrous effed®:

a. The peak depth of inundation, whidetermines the extent and cost of damage
to buildings and crops and the cost and feasibility of mitigation measures;

b. The areal extent of inundation, which determines similar factors;

c. The duration of flooding, which is an important factor in determining the
degree of damage and inconvenience caused;

d. The rate of rise of the flood event, which determines the effectiveness of flood
warning and evacuation procedures;

e. The velocity of flood flow, which determines the cost of flood damage and the
feasibility and deign of levees and flogoroofing structures;

f. The frequency of flooding, which expresses the statistical characteristics of
flood events of a given magnitude and determines thetkenng average costs
and benefits of flooding and flood mitigation;

g. The seasnability of flooding, which determines the cost of flood damages,
particularly when agricultural areas are inundated.

According to these characteristics, two types of flooding can be distingedsh
riverine flooding and flastlooding. Riverine flooding acurs when the flow in a river
channel exceeds its bankfull capacity, overflowing the normal banks and inundating the
adjacent floodplain. It is a phenomenon associated with hydrologically large catchments and
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its most significant effect is the widespreashmparatively shallow inundation of large
expanses of flat terraif®]. On the other hand, flash flooding is a phenomenon principally
associated with watersheds which are hydrologically small. It is conynsanked by intense
convective storms of comparatively short duration but producing highly intense rates of
rainfall. The severity of flooding is increased if the watershed is steep and its surface has low
infiltration capacity. The duration of the floodins short but the depth of flooding can be
considerable andevy extensive damage may res[8f. This exemplified by a study of
Doswell[10] based on obseations from the United States which showed that flash flooding
was typically triggered when rainfall rates was at least 25 mm per hour sustained for at least 1
hour. Because they occur very rapidly and with little warning, flash floods can cause
substarial injury and loss of lif¢9].

Flood Modeling and Forecasting

Ramirez[11]] refers toflood modelingas theprocesses of transformation of rainfall
(hydrology)into a flood hydrograph and to the translation of that hydrograph throughout a
watershed or any other hydrologic syst@gmdraulics) In this manner,iteflooding processs
T which consist of upstream watershed hydraab processesand river and floodplain
hydraulic processes  as described in[9], are approximated either physically or
mathematically (through the useathematical equatiopsvherethe relationships between
system state, input ammaitputare represented.

Based on a number of published literatuigadilla [12] summarizedhe differences
and applications of hydrological and hydraulic modalshie context of flood modelingh
hydrdogic model is a mathematical representation of hydrological processes in a watershed
in a simplified form. It has been primarily used to understand and explain hydrological
processes and for hydrological prediction. This model can be of different typesdiey on
whether the approach is deterministic or stochastic. A hydrologic model is deterministic if it
represents the physical processes in a watershed without consideration of randomness. It
becomes a stochastic model when it incorporatess imathenatical representation random
variables and their probability of distribution in the parameter space. In flood modeling, it is
mainly used to simulate discharge in a waterdd@fl On the othehand, hydaulic models
utilize discharge computed by the hydrologic models to simulate movement of flood water
along waterways, storage elements and hydraulic structlitsimg the continuity and
momernum equations, it can simulate flood levels and flow patterms cam model the
complex effects of backwater or tidal intrusion, overtopping of embankments, waterways
confluences and diversions, bridge constrictions, weirs, culverts, and pumps and other
obstructions on the flow in the river systéh?].

One of the most commonly uségdrologic and hydraulicnodelingsystemsare the
Hydrologic Engineering Center HydrologModeling System (HEC HMS) and HEC RAS
(River Analysis System), respectiveJEC HMS is a generalized modeling system designed
to simulate the precipitatierunoff processes of dendritic watershed systems with a wide
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range of applicability large river basin water supply and flood hydrology, and small urban or
natural watershed ruffo[13]. Some applications diEC HMS include examining rainfaH
runoff processes in a small oil palm catchment in Malals# event and continuoushd
hydrologic modeling to reveal quantity, variability, and sources of runoff in the Mona Lake
watershed in West Michigan, USA5]; modelingrainfall-runoff relations for a single rain
event in Jordafl6]; andhydrological modeling of typhoemduced extreme storm runoffs
from Shihmen watershed to reservoir, Taiwd?Y]. The study of De Silva et al.l18]
demonstrated potential application of HEC HMS in disaster mitigation, flood control and
water management in medium size river basins in tropical couritrif®e Philippinesthere

are few studieshat utilizedHEC HMSin hydrologicalmodeling Santillan et al[19] used

HEC HMS toelucidateimpacts of lanecover change on runoff generation during rainfall
evats in a Mindanao watersheHBor floodstudies,Catane et al[20] utilized HEC HMSto
determine peak discharges during the 2008 Panay Istardslideamplified flashflood,
while Abon et al.[2] usedit to reconstruct the Tropical Storm Ketsana flood event in
Marikina River, Philippines.Abon et al.[21] also used it as a major component of
communitybased monitoring for flood early warnisgstem in central Bicol River basin.

On other handHEC RAS is an integrated system of software designed to perform
onedimensional hydraulic calculations for a full network of natural and constructed channels
[22]. HEC RAS requires river crossect i ons and Manningds rough
geometric parameter§he basic computational procedure is based on the solution of the one
dimensional energy equation with energy losses evaluated by fri¢ttongh Manning's
equation and contraction/exp&ns. HEC RAS utilizes the momé&m equationn situations
where the water surface profile is rapidly varied (e.g., in mixed flow regimes, flow in bridges
and at river confluencesPne of the most common usé HEC RAS is flood inundation
mapping providd that inflow data is available (e.g., from hydrological simulations or actual
fl ow measurements) to serve[28.HEQ RAS provimal e | 0 s
water surfacdevelsat the crossections which can be converted into inundation extents by
re-projecting the water levels onto a DEtrough the use of GIS techniqugs]. The
accuracy of HEC RAS in predicting flood inundation extents was fourj@4yto be better
than those of twalimensional modelsprovided that it isadequately calibrated on
hydrometric dataAn adequie prediction of flood extent ialso possiblavhen water free
surfaces are extrapolated onto a higgolution DEM.

Thework of Knebl et al]25 exemplified thecombined use of HEC HMS and HEC
RAS for flood modelingin the San Antonio River BasiTexas, USA which is aegion
subject to frequent occurrences of severe flash floodihgy utilized HEC HMS to convert
precipitation excess to overland flow and chamoebff, and HEC RAS to modelnsteady
state flow through the river channel network based on the-HEG-derived hydrographs
The HEC RAS model then provided outputs of floodplain polygons that show areas that were
inundated due to bank overflows.

Pedsizai[26] reasons thathe essence of modeling floods is to enhance forecasting
that allows for effective prediction and rapid relay of communication to mitigate impending
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or progressing flood hazarét the core of flood warning systems is a flood forecasting
procedure that essentially predicts stream flow using precipitation data and other relevant
hydrometeorological parameters using rainfatioff models [27]. Provision of flood
forecasting and warning systems can bring significant benefits through giving forewarning of
imminent flooding, allowing timely evacuation, relocation of valuables, and management of
affected infrastructurg2g]. Beingthe most destructive natural disasters that spéaple and
infrastructureq8] and in a very frequent manngt9], it is not surprising thamodeling of
floodsfor forecasting purposésas increasingly becomehagh priority in many countriefl].

Remote Sensing and GIS in Flood Modeling, Forecasting and Hazard

Assessment

The role of geospatial technologiesremote sensing and GIS has been very
important in flood modeling, forecasting and hazard assessf880]. Flood modeling
requires the analyst to acquire, maintain, and extensively utilize a spatially referenced
databaseRemote sensing and GIS anecellent todd that carfulfill these requirementg30].

Remote sensing's role in modeling watershed hydrology as part of the whole
modeling process is due tts ability to provide spatially continuous data, its potential to
provide measurements of hydrological variables not availibough traditional techniques,
and its ability to provide long term, global data, even for remote and generallgssdide
regions of the Earth31]. As explained by Santillan et 419, it is perhaps for landover
data derivation that RS has made its largest impact and comes closest to maximize its
capabilitiesespeciallyin hydrological researchBecause ofhis it has prompted researchers
and watershed planners to exploit laswber in formation derived from remotedgnsed
images in a variety of hydrological modeling studies, most especially in runoff prediction
[32,33,34,35]. The addition of Geogphic Information System (GIS) technology further
enhancedhe importance of remote sensing througfproved the effiency d the modeling
process that leads tocreased confidence in the accuracy of modeled watershed conditions,
and increased the estimation capability of hydrologic mof&dk GIS is ideally suited for
preparing, storing, updating, analyzing, and displayilogd modelingdataand outputdor
two reason$30]. First, GIS can integrate data from different sources required by floodplain
modeling and flood damages calculation. Secondly, GIS can create spatial relationships that
are important in floodplain modeling and flood damages calculation.

Aside from fulfilling the data requirements in flood modeling, remote sensing is also
useful as an independent tool to collect flood information which are necessary in calibration
and validation of flood model outpuit®4,36,37,38], as well as in flooanapping,monitoring
and manageme9,39]. The use of remotetgensed maps of flood extent to validate flood
models has strongly influenced the development of flood simulation models in recent years,
and that lhe high resolution of remotely sensed data, especially from synthetic aperture radar
(SAR) systems (typically a few tens ofeter$, has encouragemodelingat a higher spatial
resolution than was previousignpractical, and has also encouraged the integration of high
resolution DEMs into hydraulic moddl24].
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Sanyal and X429 remarkedthat remote sensing technology along with GIS has
become the key tool for flood monitoring and management in recent years, most especially in
Asia. They reportedhat development in this field has evolved from optical to radar remote
sensing, which has provided all weather capability compared to the optical sensors for the
purpose of flood mapping. The central focus in this field revolves aroeiimedtion of flood
zones and preparation of flood hazard maps for the vulnerable ¥rghghis, they argued
thatflood depth is considered crucial for flood hazard mapping and a DEM is considered to
be the most effective means to estimate flood degtim remotely sensed or hydrological
data.

Floods and Flood Modeling Studies in Marikina River

Flooding in Marikina Riveand in areas downstream (e.g., Pasig and San Juan Rivers)
has been reported by Badilla2] as a recurring problem especially during rainy season or
whenever rairbearing weather disturbance affects the coufitoyreduce the flood discharge
in the Pasig River and avoid flooding in the drainage network in Metro Mathiéa,
Manggahan floodway was built in 1986 in ordettegmporarilydivert the flood water of the
Marikina River to Lagund.ake [40]. Since the completion of this floodway, no floods have
occurred in MetrdVanila at least bypver banking of the Pasig Rivbut unfortunatelya big
discharge from theldodway seems to amplify some flood problems in the-ligng
shoreline villages of the Laguna de Bay Lake, especially when a Seiche or storm surge
induced by dyphoon and the large discharge from the Floodway coirjdidlé1]. Before the
infamous September 2009 TS Ketsa@mdoy) flood event[3,21], a massive flooding was
experienced on August 2004 in areas of Metropolitan Manila and nearby provinces when two
typhoons simultaneously affected the couprj. This flood, with depths ranging from two
to twelve feetaffected a total of 24,108 persons and killed 8 pewpMetro Manila alone
Flooding and flood hazards in Metro Manila has been found to have differential impacts
among street chdren, the urban poor and residents of wealthy neighborhaadshave been
argued that &ing poor is not the only reason why certaactors are more vulnerable to
floods orany environmental hazargdspatialisolation and lack of participation itecision
making intensify their preseatd future vulnerability, as we[l2].

The September 2009 flooding caused by Tropical Storm (TS) Ketsana (Local Name:
Ondoy that devastated Metro Manila and sisrroundingq 2] exemplified the need for an
accurate and reliable flood forecasting tool for determining the possible duration and extents
of floods and for assessing the risks due to this disastanIbe recalled that on September
26, 20009, TS Ketsana dumped a mont hds worth
flooding in Metro Manila, killing at least 300 people and displaeingther 700,0008]. The
need for an accurate and reliable flood monitoring and water level forecasting tools for the
Marikina River has again been exemplified in August 2012 when an-aaghperiod of
torrential rain and thunderstorms brought about by the strong movemére &outhwest
Monsoon caused the Marikina River to overflow and brought damages to places near the
banks of the river. The intense, nonstop rains that occurred from August 1 to August 8, 2012
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have been informally known ablabagat The event caused the hesst damage in
Metropolitan Manila since TS Ketsarjd]. The same scenario happened again in August
2013 when heavy to torrential rains (7.5 mm/hr to as much as 30 mm/hr orweoee)
pouring over MetrdManila and nearby provinces. Raining continued for more than 3 days
and caused flooding in different areas, most especially in the vicinity of Marikina, San Juan
and Pasig Rivers. As the flood plain is host to densely populated areas as well as commercial
and industrial zones, flooding due to overflowing of the river resulted to significant damage
to human lives and properties.

Flood modeling studieand the development of flood forecasting systemidarikina
River are very fewEarlier attempt @ studyand forecast flooding in Marikina Rivemnd
nearby areakas been made by Madsen and SkojA8fin 2005 They setup a hydrologic
and hydrodynamic forecasting model based on MIKE 11 in order to produce flow forecasts
on the basis of precipitation, water level and gate level measurements collected at local
telemetry stations and transmitted in reale to acentral data server. Thaodeledriver
basin covers an area of 6@’ and the river network consists of 10 branches with a total
length of approximately 7Bm, the main rivers being the San Juan, Marikina and Pasig
Rivers The forecasting model was fourtd provide accurate forecast results due to
incorporation of a robust, accurate and efficient forecast updating techAigueugh the
authors reported that the developed forecastiggtemis highly suitable for reafime
applications, no information evailable on the usage of the said system in the present time.

In 2008, Badilla [12] did flood modeling in the Pasiglarikina River Basin using
HBV and DUFLOW in order to study the flood wave behaviordato come up with
calibrated models which could be used as basis for the operation of Rosario Weir and
Napindan Hydraulic Control Structure for effective flood control and early warning in
Manggahan FloodwayHBV (or Hydrologiska ByransVattenbalansavdelningjdrological
Bureau Waterbalanceé3 a conceptual hydrological model mostly used for the simulation of
continuous runoff while DUFLOW (short for Dutch Flow) is a hydraulic model used for
unsteady flow calculation in open water cowsgstemsl n Badi | | aés study,
to simulate the runoff from PasMarikina River Basin using hourly hydrometeorological
data. The hydrographs from the HBV model was used as the upstream boundary condition of
a calibrated DUFLOW modedb provice water level forecast in the Marikina River aiod
increase the flood lead time which the author thinks could be beneficial for flood control and
early warning purposed.he calibration and validation of the two models resulted to Nash
Sutcliffe efficieny coefficient of 0.79 and 0.76, respectively. As the results are satisfactory,
Badilla concluded that the calibrated models can be applied for flood control and early
warning system in Manggahan Floodway. However, no information is available if the models
have been applied or being applied in the Manggahan Floodway.

Abon et al[2] reconstructedhe September 2009 Tropicalo8h Ketsangd A On doy 0)
flood event in Marikina Rivethrough conduct of resideniterviews in the absence of stream
gauge data. They also carried out hydrologic modalsigg HEC HMSto understand the
mechanism that brought the flood. The results of their study showed that peak floods
occurred at different hours along the river raaglfrom the transmission of water from the
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main watershed to the downstream areas. Their analysis revealed that modeled peak flood
and flood timing coincided well with actual observaticams elucidated fromnterviews

except for downstream stations whartual peak floods were observed to have occurred at a
later time which they considered to be caused by compounding factors such as other flood
sources and stream backflow. They concluded that prediction of flood heights and the use of
the known time lag é&ween the peak rainfall and the peak runoff could be utilized to issue
timely flood forecasts to allow people to prepare for future floodiihgy also suggested that

the results of their study be used to generate flood risk maps when integrated wital chan
model and digital elevation data with sufficient resolution. However, the HEC HMS model
they used was not sufficiently calibrated and validated and needs further refinement

17



Chapter 3. Topographic and Hydrographic Data
Collection , Processing and Analysis for Flood
Model Development

Overview

Topographic and hydrographic data are importanthe tevelopment of flood
models. Without this data it is impossible to develop modeldn hydrologic model
development, topographic and hgdraphic data such as DEM, slope, river widtkier
crosssectionand river profileare necessarp delineate the basin, silasin and watershed
boundariesWith the addition of landcover informationto topographic data, the amount of
runoff generated uking a rainfall event and how much time it will took for this runoff to be
generated and routed towards the outlets of the watersheds in a rivercéasatso be
computed The same data sets, also with addition of {eoder data, are necessary in
develging the hydraulic model in order ggeometrically represent the river and floodplain,
and to compute for water surface profile necgsia flood inundation mapping.

In this chapter,the collection, processing and analysis of topographic and
hydrographt datasets are presentdthe dataset collected covers the Marikina River, Pasig
River and San Juan River and thBgodplains and upstream watershd@gyure 6). This
chapter is composed of three major parts consiglisgussion®f the following

1 Establishment of reference control points
1 River and floodplain geometry data collection and procesamdintegration with

LIDAR DEM

1 Collection and processing of othelevation datasets

Table2 provides dist of topographic and hydrographic datasets that were collected,
processed, and analyzed in this project. The method dcdctiolh are also includednd
further explained in the next sectiorReference points as well as river and floodplain
geometry data were obtained through field observations while the rest of the datasets were
obtained from various agencies.
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Figure 6. Scope of the topographic and hydrographic data collection, processing and analysis.
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Table 2. List of topographic and hydrographic datasets , including their pur pose.

Type of | Dataset Purpose Source/Method of
Data name Collection
Horizontal | Reference pointased to adjust | Field observatiomhrough
and Vertical | thetopogaphic and 3 order GPS observation
Reference | Control hydrographic survey data into a| and differential levelling
Points Points common horizontal (UTM 51
WGS 1984) andertical (MSL)
daum
Elevation HEC HMS and HEC RAS mode| Field observatiothrough
profile development and topographic and
parameterization hydrographic surveys
River and | Cross HEC HMS and HEC RAS mode| Field observation through
Floodplain | section development and topographic and
Geometry parameterization hydrographic surveys
Bed HEC HMS and HEC RAS mode| Field observation through
topography | development and topographic and
parameterization hydrographic surveys
Metro HEC HMS model development | PHIVOLCS
Manila and parameterization
MMEIRS
Boundary
and
Elevation
Data
NAMRIA HEC HMS model development | NAMRIA
1:50,000 and parameterization
Elevation | Topographic
Data Maps
DEMs:
- ASTER | HEC HMS model development | NASA Reverb
GDEM | and parameterization
http:/feverbhechonasagov/
- LIDAR | HEC RAS model Collective Strengthening o
DEM

parameterization and flood
inundation and hazard mapping

Community Awareness for,
Natural Disasters
(CSCAND)
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Establishment of Reference Control Points

Procedures employed

Horizontal and vertical control points usasl reference points foiver hydrographic
surveys were established in the project aresisg 3 order static GPS observations arfdl 3
order differential leveling. The control points were establisaed markedmostly in the
bridges ofthe Marikina River, Pasig River and San JuameR (including its tributaries The
San Juan River tributarigbhat were covered for the surveyglude San Francisco River,
Talayan Creek, Mariblo Creek, Diliman Creek, Kamias Creek, Maytunas Creek, Ermitanio
Creek and Kalentong Creek.

Prior to the GPS observatiomrgeconnaissancsurveys were conducted to inspect the
areas where the control points are to be establishatso included the recovery of existing
horizontal control points with known x and y coordinates and vertical control points or
benchmarks with elevations refedr from the mean sea level (MSL). Google Earth images
and handheld GPS devigwere utilized tanavigate tdhe locations of the control points.

The locatios of the control points were initially selected from available lists of
horizontal and vertical carol points in Metro Manila. The lists comprise of horizontal and
vertical control points previously established by tM&MRIA, DPWH and the Effective
Flood Control Operation System Project of the Metropolitan Manila Development Authority
(EFCOSMMDA). However,during the reconnaissanseme of the control pointso longer
exist and some are located very far from the rivafence, most of the control points
established are new points.

The control points were marked on the ground using concrete nail, washeznt
and paint. Some points were marked permanenfljrey were selected and marked on
locations with the least obstruction. They were placed on areas without trees or tall buildings
in the vicinity. Most of the control points were located on bridges the other points on
roads near and within the extent of the rivers and tributaries.

The horizontal coordinates of the control stations were obtained through differential
GPS techniqueMost of the GPS observations utilized ttieorder NAMRIA controlstation
MMA 5 at the rooftop of the Melchor Hall (College of Engineering, UP Diliman) as the base
station while for some observations, existing NAMRIA control poirsisd those points
established by SMTFCMMS$ Project 2 [44] were utilized A Topcon Hiper GA survey
grade ®Sreceiver was used as thase station. Anotheset consisting of opcon Hper GA
and Spectra Precision Epoch 10 survey grad®S Geceivers were used as to measure
coordinates tathe control points (roversThese GPS devices are showrrigurell. At least
1 hour offixed GPSobservations (logging rate ofsecond) were conducted for eaadntol
point. The GPS observations were poicessed using the Topcon Tools software.

To obtain the mean sea level (MSL) elevations of the control point§ ardr
closedloop differential leveling (maximum elevation error of 12mm/km) using a Topcon

! Project 2: Establishment of spillover elevation along flood prone river systems: Mafiagig River
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DL-102C digital level was used. This instrument has a precision of 0.Leweling rods

with bar code, turning plates, rod clippers and leveling bubbles were also included in th
implementation of the survey®NAMRIA benchmarksand benchmarks establisheg b
SMTFCMMST Project 2of 39 order accuracy were recovered from the study area and used

as reference stations in the levelingeveling routes were created based on the existing
benchmarks within the area. The routes were designed using Google Earth imegpch

shortest distances were chosen along the roads connecting the available benchmark to the
control point with unknown elevation.
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Figure 7. Vicinity map of Marikina River where the control points were established.

Figure 8. Vicinity map of San Juan River and its tributaries where the control points were
established.
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Figure 9. Markings of some control points in Marikina River.

Figure 10. Marking of some control points in San Juan River and its tributaries.
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Figure 11. Survey-grade GPS receivers used in getting the horizontal coordinates of the control
points.

Figure 12. Pictures showing the conduct of GPS observation in some of the control points in
Marikina River.
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Figure 13. Pictures showing the conduct of GPS observation in some of the control points in Pasig
River.
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Figure 14. Pictures showing the conduct of GPS observation in some of the control points in San
Juan River and its tributaries.

26



Digital Level

Levelling rod
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Rod clipper

Turning plate

Figure 15. Set-up of equipments for a 3" order leveling survey to obtain the MSL elevations of the
control points.

Figure 16. Pictures showing the conduct of 3 " order leveling surveys in some of the control points
in Marikina River.
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Figure 17. Pictures showing the conduct of 3 " order leveling surveys in some of the control points
in Pasig River.
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Figure 18. Pictures showing the conduct of 3 ™ order lev eling surveys in some of the control points
in San Juan River and its tributaries.
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