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Objectives of this Paper

This paper presents an action framework for an integrated
flood and sediment management in a river basin context
with the following components as follows:

1) Phil. River Basin Management, programs issues
and problems - focus on flood and sedimentation;

2) R&D Interventions and some results;

3) Institutional partnership and capacity building;

4) Some policy pathways and action agenda.
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The Cagayan River Basin

Basin Area is 2.7 million hectares, 600,000
arable land;

Consistent top corn and rice producer in the
country producing more than 25% of national
production;

Largest Groundnut and Mungbean
production areas;

Has inland lakes and reservoir of about
10,000 hectares for aquaculture production;

Other Industrial Crops: Sugar cane, cassava
with biggest bio-ethanol plant;

Largest hydropower plant in the country
Host to largest natural park in the country

Thematic management areas: watershed,
water resources, CCA-DRRM and aquatic
and coastal Resources)
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Challenges of Cagayan River basin

® Severely degraded catchment of Cagayan
river basin due to high rainfall, steep
slopes, land slides, human activities has
produced high sediment yield in the
middle and downstream reaches;

® Such high sediment inflow resulted in
siltation of reservoirs, aggraded riverbed,
variation of morphology and bank
erosion; caused adverse impacts on local
people in terms of business disruption
and human safety due to flooding;

® Limited soft and hard measures that
have been implemented in the catchment, |
reservoir sedimentation, riverbank, and
coastal reaches
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Philippines and Cagayan Valley-A Dlsaster Prone Reglon due

to Climate Change

* The Philippines is ranked 3rd in the 2018
World Risk Index of most disaster-prone
countries in the world;

* On the last quarter of 2020, five (5)
typhoons continuously wet the Cagayan gpgmms
valley for over a month. And the sixth (6th) ¥,
typhoon (named Ulysses) brought = -
devastating floods all over the valley

Flood impacts

Typhoon Ulysses in the
Region (CNN, Dec. 2020)
® At least 2.1 billion
losses in agriculture
® At least 2.3 billion
infrastructure damage
27 fatalities

Ulysses




Flood and sediment disasters in Cagayan River Basin due to
Vamco/Ulysses lashed Luzon Island on 11-12 Nov. 2020

Cagayan River and Buntun
Bridge

Typhoon tracks crossed the
Philippines before striking Vietnam

e e, :

The Magat dam 13t of
Nov. 2020




Problems of Dams and Reservoirs during Extreme Weather Events

https://newsinfo.inquirer.net/1361587/nia-mulls- Philippinics —

revising-dam-protocols-to-prevent-future- Following the massive flooding in
f | OOd | n g Cagayan, the National Irrigation
Administration (NIA) said Tuesday
= SECTIONS sunday, September 19, 2021 INQUIRER.NET CRUTEUIN it will revisit the protocols on

—— releasing water in dams to prevent
0 v]ol: ] another massive flooding in low

N IA mu I IS rQViSing dam protocols to lying areas from happening again

in the future.

prevent future flooding = ——

By: Krissy Aguilar - Reporter | @KAguilarINQ  INQUIRER.net / 09:57 AM November 17,2020 The N IA was heaVin Criticized

MOST READ by several groups and even
Cagayan governor Manuel

& NOENT} PH 2nd highest dai H

SO ansaheits Mamba for opening Magat
R Dam’s gates only at the height
of Typhoon Ulysses.

US says Kabul drone . . .
strike killed 10 civilians But NIA insisted that it followed

including children, in

‘tragic mistake’ proper protocols in releasing
B oo water from Magat Dam’s
" -IJ

imagery master with vi reservoi r.

X70 co-engineered with
Zeiss




CAGAYAN VALLEY Problems of Dams and
Flood Mitigation Reservoirs during Extreme

oo Weather Events
and Rehabilitation

Program

December2020 | | 6.3.4 Review/ update dam protocols in flood
water management

While the Magat Dam offers opportunities for economic
growth in the region, the releases from its spillway in cases of
continuous heavy rains can cause flooding downstream, if this
shall not be strictly regulatediThere is therefore a need to
revisit the protocols on releasing water in dams to prevent the
repeat of widespread flooding, mitigate the possible loss of
human lives and damage to crops and properties.]\Aany of
these protocols on dam operations could be reviewed and
updated such as assessing the latest capacity of dams and the
conditions of the Ffacilities which may have changed over the
years.

Cagayan Valléy,
Regiondl Deyglopment Couneit




“Integrated Flood and Water Resources Management in the ASEAN

Basins for Sustainable Deve

There is a need for an
integrated flood and water
resources management
approach on the river basin
scale.

We aim at developing new
innovative approaches and
techniques for integrated flood,
sediment and water resources
management for sustainable
development in major river
basins
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“Integrated Flood and Water Resources Management in the ASEAN
Basins for Sustainable Development”: A tri-lateral collaboration

Vietnam

.. Source: RETA 8470, 2008

Climate Watershed
change management

Sediment yield control : KU

Climate downscale: KU Check dam: TLU

RRI model: TLLU Sabo dam: ISU Morphological
SWAT model: ISU change
A management

Philippines
Cagayan River basin

Sediment replenishment: KU
Sand mining control: TLU

— Dam Bank protection : ISU
4 Aﬁh safety
?”*:: Dam upgrading: KU
3‘:,;,“ Dam operation: TL.U
Lo : : Flood
}J% v Sediment routine: ISU Agriculture
L el management Wanasement
KU: Kyoto University, Japan Agriculture pond: KU Flood modelling: KU |
TLU: Thuyloi University, Vietnam Crop shifting: TLU Flood risk assessment: TLU

ISU: Isabela State University, Philippines Canal siltation: ISU Early warning system: ISU



Rainfall-Runoff-Inundation(RRI) Model application for Typhoon Vamco: A
Tool in Forecasting Flood Inundations in River Basin and Dam Pre-
Discharge Guidelines during Extreme Rainfall Events

_I Input |_
Rainfall (hourly)
| DEM |
| Landcover |
Validation

1D Diffusion in River and Interaction with Land

Calibration & Simulation using typ. Ulysses

(Parameter Adjustment)

RRI Model

Typhoon Ulysses
(inflow, river depth,
flood heights)

Typhoon Tisoy
(inflow & river
depth)

Monsoon Rains

Run model

yes

(Inflow & river
depth)

l

Output

=

Policy Recommendation

Are the Stat. indices
satisfactory?

no

Discharge

Water Level

Inundation

Dam Operations and
Flood Advisory
Improvements Tool in
Cagayan River Basin




Flood Inundation Maps using RRI Model
Accuracy of the RRI model in estimating
Maximum Simulated Flood Inundation Maps river water levels was up to 88% and
estimating inflow up to 87%

..............

Legend

Provincial Boundary

Muniipal Boundary
Max. Flood Inundation

Value
o High - 858
nnnnnnnnnn - Pangasihan

2 L e Ry o
544 H 5
.......... 3
B w0 - 0
Nueve Ecije b W AT (L Sy Eeije Nueva Ecija
0 320 6i0 1280 1920 2560 0 320 840 1280 1920 2560 / 0 320 640 1280 1920 2560

Typhoon Ulysses (Nov 8-13, Monsoon Rains (Dec 15-21, Typhoon Tisoy (Dec 1-10,
2020) 2020) 2019)

Municipal Boundary
Max. Flood Inundation ; N ’ . ax. Flood Inundation
" . g Y

uuuuu




Flood Inundation and Post-Flood Survey(Ulysses)
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Flood Inundation Height during Typhoon Ulysses
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Post-Flood Survey

Post Flood Survey
Field surveys thru questionnaires and field
investigations were conducted at different
barangays in the Cagayan river basin randomly.

s 122°00°E
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River Basin Index

Data Source
Flood inundation map was derived using
Google Earth Engine (GEE)
: 5-m resolution IFSAR dataset obtained from
=z | National Mapping and Resource Information
;2 Authority (NAMRIA)
Stream Network and Sub-basins are derived from DTM
| Provincial Boundaries from Philippine GIS Data
) ';_‘ Clearing House (PhilGIS).

All Political Boundaries are not authoritative

INTEGRATED FLOOD AND WATER
RESOURCES MANAGEMENT IN THE ASEAN BASINS
FOR SUSTAINABLE DEVELOPMENT

ISABELA STATE UNIVERSITY

Sampling

84 locations and households were surveyed for highest
actual flood depth and flood duration. The data was used to
determine threshold value of flood extent using GEE. Those
with a zero value indicate that no flooding happened in that
specific location. survey.




Participatory Validation Survey
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RRI Simulated River T —
Discharge in Cagayan River |

Basin during Typhoon
Ulysses - animation A b
(Can be done on extentand = . -
depth of inundation) k(7> B0 Ll

e Forecast Rainfall Runoff

Inundation(RRI) model will be S'I::fﬁﬂﬂﬂ
use to simulate and quantify | Smam T
runoff per sub basin and { W XN DamsE
inundation extent within Cagayan o g =
River Basin; T

e RRI model result can be used for |
early flood warning and advisory, |

basis for plans, policy and
decision making.



CRraNy Repubic of e Phippines
@' RMC CAGAYAN VALLEY DISASTER RISK REDUCTION AND
® 7", MANAGEMENT COUNCIL

Ouinn s Pappataio cor Duien s v, Reguonal Govesmmant Cacter, Car) Sur, Tugumgarnd Cly
Toi¥au (078 30416351631/

Resolution No. __ (5.2021)

“APPROVING AND ENDORSING THE PROJECT PROPOSAL
OF ISABELA STATE UNIVERSITY ENTITLED
RAINFALL-RUNOFF FORECASTING USING MULTIPLE ENSEMBLE
TECHNIQUE FOR DAM OPERATIONS AND FLOOD ADVISORY
IMPROVEMENTS IN THE CAGAYAN RIVER BASIN
TO THE NATIONAL DRRM COUNCIL (NDRRMC) FOR FUNDING™

WHEREAS, Cagayan Valley experiences vanous hydrometeorological hazards every
year due to its geographical location

WHEREAS, in 2020, six typhoons visited the region during the last two quarters which
brought heavy to torrential rains for almost a month;

WHEREAS, Typhoon Ulysses which hit the region on November 10, 2020 brought
massive and widespread flooding in Tuguegarao City and other municipalities
in the northeastern and westem part of Cagayan and northern part of Isabela;

WHEREAS, the flooding brought about a total of PHP 5,043,771,223.64 estimated
cost of damages in agriculture and infrastructure;

WHEREAS, the massive flooding also brought forty-five (45) casualties (30 deaths
and 15 injured),

WHEREAS, aside from the fully-saturated river basins due to continuous heavy 1o
torrential rains, one factor being looked into as cause of massive flooding is the

e o by o & : a3 [ _ large volume of water from the Magat Dam;
Time-series of grouped ensemble forecast m BAARIBS WHEREAS, as an effect of the flooding brought about by Typhoon Ulysses, the
Partnership with Japan Natonal DRRM Counc signed o February 18, 2021 NDRRMC Memorardum
Initial time: 00Z Nov-05 2020 no. 02 s, 2021 Creating the National and Regional Committee on Dam Safety”;

Weather Association (JWA)

for the use of ensemble

technique coupled to RRI g ¥ Iy
I With a teSt run reSUIt. ~§:°OT‘L’“:§:’S"‘:5?H‘Z’"’Lf.“f.‘"‘:f?fft ‘.'&“.‘”‘LT::“‘L‘:’,?"‘L.“:’ﬁ:“’:,"."3‘”":’.,‘:%‘?”‘;“. - ———

f L SRS A ¥
- Than sialiinn A6 Tan mamsiass Abartad bn inasanna i Al lanias saina asa Aab nradiabad Ak 2 R, S i Y

WHEREAS, at the regional level, Memorandum Number 29 dated May 5, 2021 was
also signed creating the Regional Committee on Dam Safety (RCODS):

WHEREAS, Isabela State University, as a member of the RCODS, proposed a project
that would help prevent and reduce flood damage downstream through rainfall-
run-off forecasting, improvement of dam discharge operations, and
subsequently enhancing flood advisory services,

Hourly Rantal (men




Framework on
the utilization of

ensemble

technique and
RRI model for

Observed Data from NIA
« Raingauge, Dam Observation, Water Level

dam operation

and flood

forecasting

MUNICIPAL MAYOR'S
OFFICE

MUNICIPALITY:

Rainfall Forecast Data using
Ensemble Technique (Japan
Weather Association)

Basin Info

A 4

Dam Observation

A 4

«Topography
«Location of River
«Vegetation

Dam Information
«Specification
«Dam protocol on operation

(existing)

Inflow Forecasting using RRI | <] ¢ Inflow, Discharge
Model

T~

Upgraded Dam Discharge

Protocol

BROADCASTING
STATION
ction

|

Forecast Pre-Discharge |
Output

PC Angat FFWS Dam Office

Sowes 10
Dam Discharge Warning Information Network (General)

Rainfall forecast will utilize ensemble
technique to be provided by JWA;
Rainfall-Runoff-Inundation model will
be developed locally for dam inflow
forecast and for flood forecast in
Cagayan River Basin

The existing dam discharge protocol
i.e. pre-discharge amount and
schedules, communication
network/system will be reviewed and
upgraded based on the more advance
forecast



Sedimentation in Magat Reservoir: Longitudinal Profile of Sediment
Deposition along Magat Reservoir Reservoir
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Reservoir elevation (m)

Losing storage capacity due to sedimentation in Magat dam

200- — 5 1%
193 - - -6.1% Live storage: 22% loss
|
190 - 219.4%
180 _ -34.7%
170 .
] - - SR Total storage loss
160 - | -39% between 1978 and
150 | .44.5% 2016 is 27.5%
140 ' _62%
130 ——1 -100% 220
120+ -100% Dead storage: 40% loss =
110+ -100% 2016 5
1004 -100% 1978 % 1978
— e 7 &
0 50 100 150 200 250 300 o ~-2016
Storage capacity (Mm?) 0 500 1,000 1,500

Storage Volume (MCM)




V

2021 Initial Bathymetric Survey Results

A

Total Volume Deposited in the Main Reservoir.

Storage Capacity of the Main Reservoir.

Accumulated Sediment (MCM)
Volume 1982-2016 | 1982-2021 | 2016-2021
Volume of Sediments in 91.10 131.21 40.12
the Live Storage ('El. 147
m to El. 193 m)
Volume of Sediments in 72.19 97.41 25.23
the Dead Storage ('El.
147 m and below)
Total Volume of 163.28 228.63 65.34
Sediments Deposited
("Up to EI. 193 m)

TOTAL VOLUME OF SEDIMENTS DEPOSITED FROM 1982
(2016 vs. 2021)

140.00
120.00
: 100.00
80.00
60.00
40.00
20.00

0.00

Volume (MCM)

m 2016

m 2021

LIVE STORAGE
91.10
131.21

DEAD STORAGE

7219
97.41

1982- 1982- | Percentage Percentage
2016 | 2021 |Decreased on 9
Storage Storage
Capacity the Storage Capacity
(MCM) | (MCM) Capacity
(2016-2021)
Remaining
Live Storage| 587.28 | 547.17 6.83% 58.65%
Capacity
Remaining
Dead | 4917 | 3052 | 37.93% | 20.76%
Storage
Capacity
Total
Remaining | a6 45 | 577.68 |  9.23% 53.49%
Storage
Capacity




NIA-MARIIS Execom MEETING: 26 APRIL 2021 — Approved Immediate Measures
Scheme 1: Dredging/Desilting will be conducted after procurement of dredging machine (by Management)

. s . 2021 2022 2023 2024 2025 REMARKS
Particular/Activities Allocation (P) apr [ May | Jun | Jul | Aug | sep | Oct | Nov | Dec
T Bathymetric Survey ™ . . . conducted by MARIIS-DRD annually and/or twice a year
In collaboration|with ISU-DOST-KU Project during flood event
2 Magat Dam Sedimentation Study 5,000,000.00 Undertake sediment sampling of the reservoir deposits
. . . to determine specific weights and size distribution.
(Borchoesamprg n collabornation|with ISU-DOST-KU Project
3 Establishment of Soil Erosion and 5,000,000.00 Installation/construction of soil erosion plots, turbidity
Sediment Transport Monitoring . . . meter and depth integrating sediment sample collection
% In co"aboratl on Wlfth |SU-DOST-KU-PI'Oject network in the Area to be used in the calibration and
System validation of sediment modelling using Soil and Water
Assessment Tool (SWAT)
4 Procurement of Dredging Machine/ 300,000'000_00
Installation and Training
4.1 Operation and Maintenance
4.1.a Spareparts and other Support 60,000,000.00 Spare parts purchase every 2 years (including incidental
equipment cost)
4.1.b Fuel and Oil 6,500,000.00 [year
4.1.c Personnel 2'5001000_00 [year 1 Supervising Engineer A, 1 Senior Engineer A, 2
instrument Technician A, 6 Plant Mechanic C, 6 Utility
Worker
5 Dredging/Desilting of Magat Capacity - 540 cu.m/hour; 777,600 cu.m/year
Reservoir @6hrs/day, 5days per week
6 Dredging/ Desiltingof MARIS 40,000,000.00
Reservoir
7 Procurement of Survey Instrument 1 510001000‘00
(Multi Beam Echo Sounder and
Accessories)
8 Procurement of Survey Instrument 3,500'000_00
(Acoustic Doppler Current Profiler)
Total Allocation 524,500,000.00 10,000,000.00 | 384,000,000.00 | _12,500,000.00 | _109,000,000.00 | 9,000,000.00

NOTE: *- must be undertaken FIRST prior to Dredging/Desilting Activities




In Japan, low height sediment trap
Sabo dams %Hillside works weir is constructed just upstream of

They frop and deposit sediment fo’ W Re-forest the devasiated sopes by

f mountains fom colapsing " e plantation n order hE 1 iodi
soven munlksfom AL Y Bosnkinb oot [ESEIVOLT and periodically excavated.

Agroforestry and
Conservation
Farming



Policy Implications

In the context of the comprehensive and integrated management and development of the Cagayan
River Basin the following policy pathways are imperatives:

Policy Pathway 1 — River Basin Organization Empowerment

Strengthening of the Cagayan River Basin Management

Council (CRBMC) particularly in the crafting and adoption of
its own Vision, Mission, Goals, Objectives, Scope, Programs,
and Projects as well as its legal basis (i.e., legislate the
creation of CRBMC)




Policy Implications

In the context of the comprehensive and integrated management and development of the Cagayan
River Basin the following policy pathways are imperatives:

Policy Pathway 2 — Partnership and Collaboration

Engagement of individual Local Government Units-members
and establish active partnership with the LGUs so as to

coordinate, complement, and reinforce their respective
thrusts and aspirations and contribute to the over-all @

“whole of the river basin” health and resilience. @

01



Policy Implications
In the context of the comprehensive and integrated management and development of the Cagayan
River Basin the following policy pathways are imperatives:

Policy Pathway 3 — Program Implementation

Pursue and implement recommendations from various master plans and
studies that have been conducted, including, but not limited to:

2020 RDC-2 Cagayan Valley Flood Mitigation and Rehabilitation Program;
1987 JICA Study;

2002 JICA Feasibility Study; @
2005 RDC-2 Riverine Zone Development Framework;

2006 Cagayan Valley Flood Mitigation; @

2012 and 2017 Cagayan River Basin Management

and Development Master Plans 01
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