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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. 



CAGAYAN RIVER BASIN
Area: 27,753 km.²
Status: RDC endorsed
Proposed Investment: PhP 57.5 B

PAMPANGA RIVER BASIN
Area: 9,759 km.²
Status: RDC endorsed
Proposed Investment: PhP 169 B

BICOL RIVER BASIN
Area: 3,771 km.²
Status: RDC endorsed
Proposed Investment: PhP 31 B

MARIKINA RIVER BASIN
Area: 698 km.²

Status: RDC endorsed
Proposed Investment: PhP 430 M

PASIG LAGUNA RIVER BASIN
Area: 4,678 km.²
Status: RDC endorsed

AGNO RIVER BASIN
Area: 5,952 km.²

Status: RDC endorsed
Proposed Investment: PhP 42.5 B

ABRA RIVER BASIN
Area: 5,125 km.²

Status: RDC endorsed
Proposed Investment: PhP 15.5 B

APAYAO-ABULUG RIVER BASIN
Area: 3,372 km.²

Status: RDC endorsed
Proposed Investment: PhP 14.2 B

CENTRAL CEBU RIVER BASIN
Area: 500 km.²
Status: RDC endorsed
Proposed Investment: PhP 13.5 BAGUSAN RIVER BASIN

Area: 11,936 km.²
Status: For updating
Proposed Investment: - TAGUM-LIBUGANON RIVER BASIN

Area: 3,064 km.²
Status: RDC Endorsed
Proposed Investment: Php 8.5 BDAVAO RIVER BASIN

Area: 1,623 km.²
Status: RDC Endorsed
Proposed Investment: Php 35.5 B

PANAY RIVER BASIN
Area: 1,843 km.²

Status: RDC endorsed
Proposed Investment: PhP 22.5 B JALAUR RIVER BASIN

Area: 1,503 km.²
Status: RDC endorsed

Proposed Investment: PhP 22.2 B

ILOILO-BATIANO RIVER BASIN
Area: 99 km.²
Status: RDC endorsed
Proposed Investment: PhP 281 M

MINDANAO & BUAYAN-MALUNGON RIVER 
BASIN
Area: 21,503 km.² &  1,620 km.²
Status: RDC Endorsed
Proposed Investment: Php 420.9 B

ILOG-HILABANGAN RIVER BASIN
Area: 1,945 km.²

Status: RDC endorsed
Proposed Investment: PhP 27.8 BTAGOLOAN RIVER BASIN

Area: 1,704 km.²
Status: RDC endorsed

Proposed Investment: PhP 8.5 B
CAGAYAN DE ORO RIVER BASIN

Area: 1,371 km.²
Status: RDC endorsed

Proposed Investment: PhP 1.2 B AGUS RIVER BASIN
Area: 1,645 km.²

Status: RDC endorsed
Proposed Investment: PhP 18.9 B

Priority River Basins in the Philippines



• 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)

The Cagayan River Basin
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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 



• 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 
valley for over a month. And the sixth (6th) 
typhoon (named Ulysses) brought 
devastating floods all over the valley

Philippines and Cagayan Valley-A Disaster Prone Region due 
to Climate Change



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



https://newsinfo.inquirer.net/1361587/nia-mulls-
revising-dam-protocols-to-prevent-future-
flooding

MANILA, Philippines —
Following the massive flooding in 
Cagayan, the National Irrigation 
Administration (NIA) said Tuesday 
it will revisit the protocols on 
releasing water in dams to prevent 
another massive flooding in low 
lying areas from happening again 
in the future.
------------

The NIA was heavily criticized 
by several groups and even 
Cagayan governor Manuel 
Mamba for opening Magat
Dam’s gates only at the height 
of Typhoon Ulysses.
But NIA insisted that it followed 
proper protocols in releasing 
water from Magat Dam’s 
reservoir.

Problems of Dams and Reservoirs during Extreme Weather Events 



Problems of Dams and 
Reservoirs during Extreme 
Weather Events 



We aim at developing new 
innovative approaches and 
techniques for integrated flood, 
sediment and water resources 
management for sustainable 
development in major river 
basins

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

Our R&D Intervention

“Integrated Flood and Water Resources Management in the ASEAN 
Basins for Sustainable Development Project”



“Integrated Flood and Water Resources Management in the ASEAN 
Basins for Sustainable Development”: A tri-lateral collaboration



Typhoon Ulysses
(inflow, river depth, 

flood heights)

Monsoon Rains
(Inflow & river 

depth) 

Typhoon Tisoy 
(inflow & river 

depth)

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

Input

Rainfall (hourly) 

DEM

RRI Model

Validation

Output

Discharge Water Level Inundation

Run modelLandcover

Are the Stat. indices 
satisfactory?

no
yes

Policy Recommendation

Calibration & Simulation using typ. Ulysses
(Parameter Adjustment)

Dam Operations and 
Flood Advisory 

Improvements Tool in 
Cagayan River Basin



Typhoon Ulysses (Nov 8-13, 
2020)

Monsoon Rains (Dec 15-21, 
2020)

Typhoon Tisoy (Dec 1-10, 
2019)

Flood Inundation Maps using RRI Model
Maximum Simulated Flood Inundation Maps

Accuracy of the RRI model in estimating
river water levels was up to 88% and
estimating inflow up to 87%



Flood Inundation and Post-Flood Survey(Ulysses)

RRI Flood 
Model

Field Validation



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

Post Flood Survey
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.

Sampling

Post-Flood Survey



Participatory Validation Survey

Validation of flood extent using participatory 
approach reveals 95% accuracy. 

Representatives from barangays identifies 
the extent and duration time in their area 
during Typhoon Ulysses

Georeferenced data of flood maps from and sampling 
points for validation of flood extent using GGE (right)



RRI Simulated River 
Discharge in Cagayan River 
Basin during Typhoon 
Ulysses - animation
(Can be done on extent and 
depth of inundation)
 Forecast Rainfall Runoff 

Inundation(RRI) model will be 
use to simulate and quantify 
runoff per sub basin and 
inundation extent within Cagayan 
River Basin;

 RRI model result can be used for 
early flood warning and advisory, 
basis for plans, policy and 
decision making.

Magat
Dam

Tuguegarao City



Institutional collaboration for the development and  
Adoption of the Dam Operations and                                
Flood Advisory Improvements Tool

Partnership with Japan 
Weather Association (JWA) 
for the use of ensemble 
technique coupled to RRI 
with a test run result.



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

Rainfall Forecast Data using 
Ensemble Technique (Japan 

Weather Association)

Inflow Forecasting using RRI 
Model 

Basin Info
Topography
Location of River
Vegetation

Dam  Observation
 Inflow, Discharge

Upgraded Dam Discharge 
Protocol

Forecast Pre-Discharge 
Output 

Dam Information
Specification
Dam protocol on operation 
(existing)

Dam Discharge Warning Information Network (General)

Framework on 
the utilization of 
ensemble 
technique and 
RRI model for 
dam operation 
and flood 
forecasting

The Magat Dam

1. Rainfall forecast will utilize ensemble
technique to be provided by JWA;

2. Rainfall-Runoff-Inundation model will
be developed locally for dam inflow
forecast and for flood forecast in
Cagayan River Basin

3. 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



Losing storage capacity due to sedimentation in Magat dam

Total storage loss 
between 1978 and 

2016 is 27.5%

Dead storage: 40% loss

Live storage: 22% loss



2021 Initial Bathymetric Survey Results 

Total Volume Deposited in the Main Reservoir.

Volume
Accumulated Sediment (MCM)

1982-2016 1982-2021 2016-2021

Volume of Sediments in 
the Live Storage ('El. 147 

m to El. 193 m)

91.10 131.21 40.12

Volume of Sediments in 
the Dead Storage ('El. 

147 m and below)

72.19 97.41 25.23

Total Volume of 
Sediments Deposited 

('Up to El. 193 m)

163.28 228.63 65.34

Storage Capacity of the Main Reservoir.

Storage 
Capacity

1982-
2016

1982-
2021

Percentage 
Decreased on 
the Storage 

Capacity 
(2016-2021)

Percentage 
Storage 
Capacity

(MCM) (MCM)

Remaining 
Live Storage 

Capacity
587.28 547.17 6.83% 58.65%

Remaining 
Dead 

Storage 
Capacity

49.17 30.52 37.93% 20.76%

Total 
Remaining 

Storage 
Capacity

636.45 577.68 9.23% 53.49%



Scheme 1: Dredging/Desilting will be conducted after procurement of dredging machine (by Management)
2022 2023 2024 2025 REMARKS

Apr May Jun Jul Aug Sep Oct Nov Dec
1 Bathymetric Survey* conducted by MARIIS-DRD annually and/or twice a year 

during flood event
2 Magat Dam Sedimentation Study 

(Borehole Sampling)*
5,000,000.00                              Undertake sediment sampling of the reservoir deposits 

to determine specific weights and size distribution.

3 Establishment of Soil Erosion and 
Sediment Transport Monitoring 

System*

5,000,000.00                              Installation/construction of soil erosion plots, turbidity 
meter and depth integrating sediment sample collection 
network in the Area to be used in the calibration and 
validation of sediment modelling using Soil and Water 
Assessment Tool (SWAT) 

4 Procurement of Dredging Machine/ 
Installation and Training

300,000,000.00        

4.1 Operation and Maintenance

4.1.a Spareparts and other Support 
equipment

60,000,000.00          Spare parts purchase every 2 years (including incidental 
cost)

4.1.b Fuel and Oil 6,500,000.00            /year

4.1.c  Personnel 2,500,000.00            /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 
Reservoir

Capacity - 540 cu.m/hour; 777,600 cu.m/year 
@6hrs/day, 5days per week

6 Dredging/ Desiltingof MARIS 
Reservoir

40,000,000.00          

7 Procurement of Survey Instrument 
(Multi Beam Echo Sounder and 
Accessories)

15,000,000.00          

8 Procurement of Survey Instrument 
(Acoustic Doppler Current Profiler)

3,500,000.00            

  524,500,000.00 384,000,000.00 12,500,000.00  109,000,000.00  9,000,000.00 

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

Total Allocation

 Allocation (P) 2021

10,000,000.00                                                                   

Particular/Activities

NIA-MARIIS EXECOM MEETING: 26 APRIL 2021 – Approved Immediate Measures

In collaboration with ISU-DOST-KU Project

In collaboration with ISU-DOST-KU Project

In collaboration with ISU-DOST-KU-Project
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Long Term Measures: Deployment of Technologies on Watershed Mgt.

Agroforestry and  
Conservation 
Farming



Policy Implications

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) 

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

01
02

03



Policy Implications

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.

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

01
02

03



Policy Implications

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

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

01
02

03







Fellowship Grants to Graduate Students



The 2nd Virtual International 
Graduate Research Colloquium 
on River Basin Management 
Meeting - May 29, 2021

Attendees: Kyoto University (Japan), Japan Water 
Agency (JWA), The Ministry of Land, Infrastructure, 
Transport and Tourism (MLIT), University of Da Nang 
(Vietnam), Thuy-Loi University (Vietnam), Bicol University 
(BU), Ifugao State University (IFSU), Department of 
Agriculture (DA), NIA-MARIIS, DOST-PAGASA, Office of 
Civil Defense (OCDRO II) and ISU

Agenda

1. Report updates of ISU team Dr. Orlando Balderama

2. Climate and hydrologic modelling for Magat watershed Engr. Czarimah Singson

3. Forecasting inflow in Magat Dam and Flood inundations Engr. Arlen Alejandro
in Cagayan River basin under extreme rainfall events

using Rainfall Runoff Inundation (RRI) Model
4. The Vulnerability of critical infrastructure in Tuguegarao Engr. Ryan Ancheta

The participants





INTEGRATED FLOOD AND WATER 
RESOURCES MANAGEMENT IN THE ASEAN BASINS 

FOR SUSTAINABLE DEVELOPMENT

THANK YOU!


