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Climate change conditions that are now considered extreme may become the new normal, resulting in 
more and intensified floods. In addition, increasing exposure due to population growth and movement 
can further increase flood risk in the Philippines. Although conventional hard infrastructure will 
continue to play a key role in protecting against flooding, in the face of multiplying environmental 
threats, this approach may no longer suffice to provide the climate resiliency and level of services 
required in the future. Natural River Management (NRM) is a way to harness functions of natural river 
systems to deliver climate resilience at a lower cost while minimizing negative environmental and 
social impacts (ADB, 2020a). Nature based solutions (NbS) and non- structural measures, which are 
part of NRM, are seen to be vital for dealing with current and future environmental threats. 

 
 The Output 2 of Loan 3589-PHI Infrastructure Preparation and Innovation Facility (IPIF-2) is working 
on an investment plan to deal with current and future flood risk in six river basins in the Philippines. In 
order to minimize negative (and even create positive) environmental and social impacts there is a vast 
demand to integrate NbS in these plans. Frameworks to guide river basin planning and integration of 
the NbS, such as the Integrated Water Resources Management (IWRM) guidelines1

 

(World Bank, 
2016) and the guidelines for mainstreaming NRM in ADB water sector investments (Deltares, 2019), 
are already available. The challenge is to apply these guidelines into projects, such as IPIF-2. These 
types of projects often face demanding time constraints and a lack of available data. NbS, which are 
not always part of the project requirements, are therefore usually not considered. The overall objective 
of the project is to inform integration of NbS into IPIF-2 project design and implementation. 

 
 
This study applies several approaches, including the NRM, Room for the River and Risk approach. 
The NRM approach is to identify and assess NbS for flood risk management in six river basins. For all 
basins, the Room for the River approach is taken as a strategy for comparison, focusing on low 
interference with natural river dynamics and allowing space for the river to overflow on the floodplains 
during peak discharges (Room for the River Programme, 2019). A risk-based approach is advocated, 
focusing hard interventions on areas with vital assets or many people. There was a decision to 
elaborate on NbS in the basins Abra, Buayan-Malungon and Tagum-Libugonen, as they have most 
potential to host flagship projects. In these basins, specific sites were selected based on an 
assessment process with multiple stakeholders and experts, to come through with optimal 
interventions that will contribute to the IPIF-2 investment plans. 

 
In every basin, different NbS were recommended, indicating that the selection of suitable NbS highly 
depend on context specific factors, such as type of flooding, inhabitants and natural state of the river. 
Although NbS upstream of the hotspot area were preferred to reduce flooding, from a physical 
perspective, upstream implementation was not always feasible, e.g. due to a lack of space. 

 
 

The downstream area of the Buayan–Malungon river basin could be a flagship project 

for Room 
for the River strategies in the Philippines. The Abra river basin has potential to be the first basin 
implementing a ‘smart’ adaptive quarrying strategy, implying that quarrying will be used to reduce 
riverbank erosion and flooding, instead of constructing grey infrastructure. In the Tagum- Libuganon 
the combination of (revival of) wetlands with either retention areas or buffer zones increases drainage 
capacity and reduces pluvial and fluvial flooding. This study showed that there is large potential for 
NbS in the examined river basins. 

 

 
1 This framework is adopted by the Department of Public Works and Highways (DPWH) of the Philippines 
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Glossary of Terms 
 
Climate change - 'a change of climate which is attributed directly or indirectly to human activity 
that alters the composition of the global atmosphere and which is in addition to natural climate 
variability observed over comparable time periods' (UNFCC) 
 
Integrated Water Resource Management (IWRM) - a process which promotes the coordinated 
development and management of water, land and related resources, in order to maximize the 
resultant economic and social welfare in an equitable manner without compromising the 
sustainability of vital ecosystems (Global Water Partnership, 2000) 
 
Multi-criteria Analysis (MCA) - a complimentary approach to cost-benefit analysis (CBA). It is a 
form of appraisal that, in addition to monetary impacts, measures variable such as material costs, 
time savings and project sustainability as well as the social and environmental impacts that may 
be quantified but not so easily valued (betterevaluation.org) 
 

Nature-based Solutions (NbS) - Measures that protect, sustainably manage or restore nature, 
with the goal of maintaining or enhancing ecosystem services to address a variety of social, 
environmental and economic challenges (OECD, 2020) 
 
National Climate Scenarios - a plausible representation of future climate that has been 
constructed for explicit use in investigating the potential impacts of anthropogenic climate change 
in a particular country (IPCC) 
 
Natural River Management (NRM) - ‘aims at harnessing functions of natural river systems to 
deliver climate-resilient and high-quality services such as water supply and flood and drought 
management at a lower cost while minimizing negative environmental and social impacts’ (ADB, 
2020a) 

 
Room for the River - an approach to manage higher water levels in rivers by lowering the levels 
of flood plains, creating water buffers, relocating levees, increasing the depth of side channels, 
and the construction of flood bypasses (Room for the River Programme, 2019) 

 
Shared Socio-economic Pathways (SSPs) - Shared socio-economic pathways (SSPs) are 
alternative global development scenarios focused on the mitigation of and adaptation to climate 
change. It incorporates narratives and quantitative information that drives future climate change 
forces. SSPs consist of five alternative scenarios characterized by sustainable development, 
regional rivalry, inequality, fossil-fueled development, and middle-of-the-road development (Riahi 
et al., 2017) 
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1 Introduction 

1.1 Background  

Several Asian countries go through a period of fast development and economic growth, with a 
commensurate growth in demand for infrastructure. To meet this demand, more than 5% of their 
gross domestic product (GDP) needs to be dedicated to infrastructure development for the coming 
decade (ADB, 2017a). The Philippines is well on its way to reach this goal, targeting $ 180 billion 
on infrastructure projects until 2022. A large share of these projects is planned in rivers and along 
coasts, including structures to mitigate flood and erosion, but also water supply structures and 
hydropower dams. Hence, the impact of these developments on natural resources, biodiversity 
and ecosystems is enormous. Globally, the decline in biodiversity is reaching alarming rates, with 
1 million animal and plant species currently threatened with extinction (IPBES, 2019). Without 
proper (master) planning and with a short-term focus on return on investment, infrastructure and 
urban development will result in degradation of natural resources 
and thereby cause a cascade of problems, including intensifying 
future water shortages, increased erosion and aggravated floods 
and landslides. This finally culminates in negative impacts on 
community livelihoods, agricultural yield and human health.  
 
Climate change conditions that are now considered extreme may become the new normal, 

resulting in more and intensified natural hazards. In addition, increasing 
exposure due to population growth and movement will put more people 
in the way of natural hazards. This will further increase the need for 
interventions in river systems. Although conventional hard infrastructure 
will continue to play a key role in protecting against flooding and water 
supply, in the face of multiplying environmental threats, this approach 
may no longer suffice to provide the climate resiliency and level of 
services required in the future. Natural River Management (NRM) is a 
way to harness functions of natural river systems to deliver climate 
resilience at a lower cost while minimizing negative environmental and 

social impacts (ADB, 2020a). Nature-based solutions (NbS) are a significant element of NRM, 
these solutions make use of ecosystem services, respect river dynamics and functioning, try to 
maintain natural fluxes of sediment, fresh water, nutrients and species, and reduce probability of 
floods, drought, erosion, salinity intrusion or landslides. Besides conventional hard infrastructure, 
NbS and non-structural measures are vital for dealing with current and future environmental 
threats.  
 
The Output 2 of Loan 3589-PHI Infrastructure Preparation and Innovation Facility (IPIF-2) is 
working on an investment plan to deal with present and future flood risk in six river basins in the 
Philippines. An integrated flood risk management approach, in which NbS are incorporated, will 
support maximization of flood risk reduction while ensuring other environmental and social 
benefits. In this way NbS can become part of the full portfolio of flood risk reduction measures. 
Frameworks to guide river basin planning and integration of the NbS, such as the Integrated Water 
Resources Management (IWRM) guidelines2 (World Bank, 2016) and the guidelines for 
mainstreaming NRM in ADB water sector investments (ADB, 2020b), are already available.  
 
The challenge is to apply these guidelines into projects, such as the Integrated Flood Risk 
Management Sector Project (IFRMSP) being prepared by IPIF-2. These types of projects often 
face demanding time constraints and a lack of available data. As such, NbS are not always 

 
2 This framework is adopted by the Department of Public Works and Highways (DPWH) of the Philippines 

Worldwide flood risk is 

expected to increase 

with a factor 3 by 2050 

(Jongman et al, 2012) 

IPBES (2019) warns 

that Nature is 

declining globally at 

rates 

unprecedented in 

human history – 

and the rate of 

species extinctions 

is accelerating 
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considered, even when the ADB environmental safeguards are followed. The overall objective of 
this project is therefore to support the IPIF Output 2 Consultants in the integration of NbS into 
IFRMSP project design and implementation. 
 
This report applies the NRM method to assess the technical, economic and social feasibility of 
different NbS for flood risk management projects in a rapid, but substantiated manner. The method 
elaborates on different NbS, characteristics of the different river basins, ways of including of NbS 
and required data and information. Hotspots selection has been added to this approach to prioritize 
areas most at risk and with most potential to implement NbS. This allows in-depth examination of 
the potential for NbS at these locations. Furthermore, the study builds on the results of the IPIF 
Output 2 Consultant and several online consultation sessions with the IPIF Output 2 Consultant. 
Although the report focuses on NbS for flood risk management, the report pays explicit attention 
to effects other than flood reduction and the possibilities for NbS to contribute to other challenges 
in a river basin.  
 

1.2 Report structure 

In this report, we showcase how NbS can be integrated into river master planning for flood risk 
management. Chapter 1 provides the background of the assignment and report structure. Chapter 

2 refreshes the memory by providing an overview of our guiding principles, such as the IWRM 
guidelines (World Bank 2016) and the guidelines for mainstreaming NRM in ADB water sector 
investments (ADB, 2020b). For each step, the approach, as undertaken in this study, is described 
in more detail to provide an example of how the NRM approach can be operationalized (Chapter 

2). Chapter 3 provides background, problem description and system assessment for all 6 rivers. 
The suggested approach is demonstrated for the three selected hotspot areas, focusing on advice 
regarding NbS and (co-) benefits of the proposed strategies by the IPIF Output 2 Consultant. 
Chapter 4, 5 and 6 report the results of the in-depth hotspot analysis for the Abra, Buayan-
Malungon and Tagum river basins respectively. Chapter 7 offers some generic and some basin 
specific conclusions and recommendations.  
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Box 1.1: Project summary 

Integrated Flood Risk Management Sector Project 
 

Goal 

The integrated Flood Risk Management Sector project assists the government of the Republic 
of the Philippines to reduce flood risks in six river basins by:  

- Improving flood risk management planning through strengthening data acquisition and 
data management, and improving flood protection asset management 

- Rehabilitating and constructing flood protection infrastructure 

- Raising community awareness, and preparing and implementing disaster (flood) risk 
reduction and management plans to reduce different groups’ vulnerabilities 
 

Role IPIF Output 2 consultants 

Development and preparation of:  

- Six Flood Risk Management (FRM) master plans 

- Feasibility studies 

- Detailed engineering design of priority infrastructure 

- Procurement 

- Social and environmental safeguard assessment 
 

6 Major river basins 

Northern Luzon: Apayao-Abulug, Abra 
Western Visayas: Jalaur 
Mindanao: Buayan-Malungon, Agus, Tagum-Libuganon 
 
Final project Output 

- Strategic FRM planning improved 
- Flood protection in six major river basins developed 
- Community-based FRM implemented 

 
Challenges 

- Decide on a feasible flood protection level 

- Lifetime of especially grey measures diminishes due to quarrying and river dynamics  

- Aside from flood protection there are multiple other basin objectives, including water 
quality improvement, poverty alleviation and creation of employment opportunities 

- Implementation and maintenance of measures extend across multiple government 
departments, especially when combining structural measures, non-structural measures 
and NbS 

- Organization of social support of the proposed master plan 
 

Source: ADB, 2018 
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2 Approach 

2.1 Natural River Management guidelines as foundation for the assessment of NbS  

Natural River Management (NRM) aims at 
harnessing functions of natural river systems to 
deliver climate-resilient and high-quality services at 
a lower cost while minimizing negative 
environmental and social impacts. The Guidelines 
for Mainstreaming NRM into ADB water Sector 
Investments (ADB, 2020b), provide a step-by-step 
methodological approach to assist ADB project 
teams in incorporating NRM approaches into the 
water sector investments in a systemic matter. The 
NRM approach serves as a foundation for this 
study. Hotspot selection has been added to this 
approach in order to prioritize areas most at risk and 
with most potential to implement NbS. Furthermore, 
more guidance is given to select most suitable NbS. 
The steps including additional guidance is shortly 
described in the following sections.  
 

2.2 Step 1: Definition of goals and objectives 

Goals and objectives derived from present strategies and plans set the stage for future projects. 
In many plans, objectives are focused or prioritize a function, e.g. enhancing flood protection, 
increasing water supply or provision of energy. The resulting investment program therefore mostly 
focuses on projects that only influence the function as part of the objective. Projects that are slightly 
less effective, but have additional benefits, have less chance to become part of the investment 
program. Riverine ecosystems are an example of systems with multiple functions, such as 
provision of fish habitats, irrigation water and inland waterway transport. To obtain integral projects 
supporting all river functions, comprehensive and multiple objectives should be set. Mapping of 
river-dependent livelihoods and consultation with multiple stakeholders should be done to 
determine what functions of the river people depend on. Also, with this group a discussion about 
the levels of acceptable residual risk will be helpful to determine criteria for the impact and 
economic analysis in Step 5 and for prioritization of interventions in Step 6. 

2.3 Step 2: System analysis for a better system understanding 

2.3.1 Understanding the system and identifying current problems 
Adequate river management requires a thorough understanding of river dynamics, socio-economic 
context and the institutional system in the whole river system, including upstream and downstream 
areas. Better natural system understanding can be acquired by a combination of general system 
knowledge, field visits, monitoring data and (rapid) modelling exercises. More specifically, 
analyzing the natural (river) system means to understand:  
 

• Geology of the area to distinguish long-term geological trends from short-term events, 

climate change effects and anthropogenic influences.  

• Hydrology to interpret fluctuations in discharges and water levels over time, which can be 

derived based on discharge hydrographs and discharges with return periods of 2, 50, 100, 

500 and 1000 years, water level observations or calibrated discharge rating curves at 

gauge stations, water level controls, flooding extent at discharges of different return 

periods. 

Step 1: Definition of goals and 

objectives 

Step 2: System analysis 

Step 3: Selection of hotspot areas 

Step 4: Selection of NbS 

Step 5: Impact and economic analysis 

Step 6: Prioritization of interventions 

Step 7: Implementation 

Step 8: Maintenance and monitoring 

BOX 2.1 APPROACH  
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• Sediment transport and morpho-dynamics to predict potential changes in erosion and 

deposition patterns and bed slope after changes in sediment fluxes, and how this affects 

the landscape. This includes historical and present river planforms, topography of the river 

bed and floodplains and bed sediment composition, including mass density and grain size 

distribution at different locations. 

• Ecology and services that habitats and species deliver. This includes ecological 

connectivity and biodiversity in the area, whereas also status or health of ecosystems and 

water quality can be included.  

This supports the identification of problems related to the natural systems (see Figure 2.1).  

Figure 2.1 Main problems in river basi ns and potential causes. (Source: Deltares, 2019, 

for ADB, 2020b).  

 
The socio-economic context is key to identifying the main risks. Part of the analysis is to collect, 

amongst other things, information on population, economic sectors, assets and critical 

infrastructure, such as hospitals and electricity network. A land use map including population 

serves as essential information for the next steps, as well as for the hotspot selection. More 

specifically, analyzing the socio-economic system means to understand:  

• Population dependent on river functions for their livelihood, such as fishers and 
subsistence farmers 

• Economic sectors dependent on river functions, such as inland waterway transport, tourism 
and energy production 
 

The next steps include identification of the population and economic sectors exposed to river-
related threats (erosion, flooding, water pollution) and the vulnerability of the population and 
economic sectors to these threats. Understanding of the socio-economic system can be acquired 
using general system knowledge, field visits, focus-group discussions, questionnaires, and impact 
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assessment models (including flood damage models). Special attention should be given to the 
impact on vulnerable groups such as minorities and the poor. Figure 2.2. gives examples of 
possible socio-economic impacts of different hazards. 
 

 
Figure 2.2: Potential socio-economic impact on livelihood and economic sectors of 

problems in a river system.  

Analysis of the institutional system is key to assessing whether the interventions can be 
implemented. Responsible local and national governmental agencies, affected industries, nature 
organizations and other parties that are either affected or required for the implementation of 
measures should be identified. These parties should either be informed or involved in the selection 
of interventions. The outcome of this step is a (regional) description of the current problems, which 
will be input for the strategy selection phase.  

2.3.2 Future challenges 
In the future, new challenges may arise. Socio-economic development and climate change are 
frequently seen as the main drivers affecting new water-related challenges. In order to execute a 
rapid assessment of the future challenges for a river basin, national climate scenarios (e.g. 
PAGASA, 2011) can be used. These provide an indication of the change in rainfall patterns, 
affecting river discharge, and temperature changes, affecting evaporation rates. At least two 
scenarios should be included to be able to assess the bandwidth of the changes. Climatic change 
might affect the magnitude of existing problems but may also lead to new problems.  
 
The socio-economic system is also expected to change in the future. Rapid population growth, 
urbanization and economic growth might affect future water related challenges even more than 
climate change. The Shared Socio-economic Pathways (SSPs), developed by IIASA (Rihani et al, 
2016), offer the opportunity to execute a rapid assessment of the change of the main socio-
economic drivers (see Table 2.1).  
 
A time horizon needs to be selected, which depends on the objective of the project. For most flood 
management projects, the years 2050 and 2100 are used.  
 
In order to reduce complexity, we recommend using the lowest and highest socio-economic 
scenarios giving the range of outcomes. This gives an indication of future socio-economic 
development, affecting the exposed population, economic sectors and the vulnerability of the 
society.  
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Table 2.1: Socio-economic scenarios for the Philippines based on  SSPs (Rihani et al, 

2016). 

  Baseline 

(2015) 

Low Scenario 

(2050) 

High Scenario 

(2050) 

Population growth 102 million +30% +75% 

Share urban population 53% 57% 81% 

Annual economic growth $418 billion 3% 5.8% 

 

Combining climate and socio-economic scenarios supports the identification of the new or altered 
future challenges. Besides working with scenarios, the system can be stress-tested to identify 
potential future challenges. This will basically be ‘what if’ storylines, defining the impact on the river 
system with an increase in peak rainfall or doubling of the population. This might help to identify 
vulnerabilities in the system. See UNESCO and ICIWaRM (2018) for more information on stress-
testing the system.  

2.4 Step 3. Identification of hotspot areas 

Hotspot areas are identified based on a risk assessment. Risk is typically a combination of hazard 
(intensity and probability), exposure (people and assets) and vulnerability (susceptibility of assets 
and people to the hazard).  
 

 
Figure 2.3: Risk assessment following risk definition by IPCC (2012) and UNISDR (20 09). 

To select hotspots, map layers of areas with water shortages, flood hazard maps, erosion problems 
(for instance based on Aqua-monitor), population, economic activity and important ecosystems 
can be overlaid. Areas with the highest hazard and exposure can be selected as hotspots. 
Preferably the identified hotspots should be visited to assess the vulnerability of the population and 
execute a more localized risk assessment including damage curves for average and extreme 
events. Then, areas with the most vulnerable population could be identified as main hotspots.  
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2.5 Step 4: Exploration and preliminary selection of NbS 

Once hotspots for action have been identified based on Step 3 and the objective and target for 
flood risk reduction have been set (Step 1), portfolios of interventions can be formulated. What 
types of interventions are preferred depends on the objectives and the problem description. For 
example, different selection criteria are used when the aim is to develop green social inclusive 
strategies versus increasing water availability during dry spells. To identify opportunities for NbS, 
information derived from the system assessment (Step 2) and the risk analysis (Step 3) is 
combined. In order to provide an indication of different types of NbS, first an overview has been 
given, followed by an indication of the effects and costs of NbS, and at last guidance on the 
selection of NbS.  

2.5.1 Type of NbS in river basins  
NbS for river systems are interventions that respect the dynamics and functioning of the river 
(natural fluxes of sediment, fresh water, nutrients and species), while reducing flood, drought, 
erosion, salinity intrusion, landslide or other risks. The main interventions are visualized in Figure 
2.4. The interventions are categorized according to the following functions (1) flood conveyance, 
(2) water retention, (3) bank erosion and (4) impact reduction. NbS that improve flood conveyance 
either increase the capacity of the river to be able to contain high discharge events or improve the 
drainage of an area by quickly transporting the water downstream before it accumulates and 
floods. Solutions that improve water retention smooth the peaks of high discharge events by 
offering temporary storage that may be slowly released back into the network. Solutions based on 
bank erosion reduce the sediment carrying capacity of the river by reducing flow. Finally, a solution 
may be non-structural and based on grey measures to reduce the exposure of communities and 
assets to the hazards, which reduces the overall impact of the hazard. Table 2.2 categorizes 
common examples of NbS into these 4 functions and Annex A describes the NbS in more detail. 
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Figure 2.4: Visualisation of different NbS in a river basin.  

 

2.5.2 Effects and costs of NbS 
Effects and costs are important criteria to select a solution. These effects can either be physical, 
such as reduced river bank erosion, economic such as, improved agricultural yield or social, such 
as improved health. Although the actual effects and costs depend on the context and the detailed 
design of the intervention, an indication of the effects and costs are valuable when creating a 
longlist with promising solutions. Table 2.3 provides a qualitative overview of the effects and costs 
based on a literature study. This table can be used to make a first selection of possible measures.  
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Table 2.2 Functions of NbS and non-structural measures. 

 
 
 
 

NbS and non-
structural 
measures 

Room for Flood 
Conveyance 

Room for 
Water 

Retention 

Room for Bank 
Erosion 

Impact 
Reduction 

Floodplain 
widening 

● 
 

● 
 

Retention areas 
 

● 
  

Wetland 
restoration 

● ● ● 
 

Embankment 
removal 

● 
 

● 
 

Meander 
restoration 

  
● 

 

Zonation/Building 
codes 

   
● 

Elevating houses 
   

● 

Reviving old 
channels 

● 
 

● 
 

Removing 
obstacles 

● 
 

● 
 

Early-warning 
system 

   
● 
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Table 2.3: Effect and cost estimates of 11 NbS. The scores (--/++) provide an indication of the expected impact of an NbS on the 

indicator. An + indicates an increase of 5 -25% in comparison with a situation without the NbS. For example, wetland restoration is 

expected to increase agricultural production in the surrounding areas with 5 -25%. Note that the scores only provide an indication of 

the impact, the actual impact is highly de pendent on the context (Aerts, 2018; Atkinson et al, 2018; Buffin-Belanger et al, 2015; CRWP, 

2009; Mitsch et al, 2015; Moore and Hunt, 201 2; NWRM, 2019a-g; Perry & Lindell, 2002; REFORM, 2014; REFORM, 2015; Vlad et al, 

2013). 
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Flood risk  

Avoided Expected Annual 

Damage - hotspot location ++ - 0 0 + 0 + ++ + ++ ++ 0 

  

  

  

Avoided fatalities & injuries - 

hotspot location + - 0 0 0 0 0 ++ + ++ + 0 

Avoided Expected Annual 

Damage - downstream 0 + + + +/++ + +/++ 0 0/+ 0 0 +/++ 

Avoided fatalities & injuries  - 

downstream 0 + + + + + + 0 0/+ 0 0 + 

Food & water security 

  

  

Agricultural production -/+ -/+ 0 0 + + -/+ -/+ 0 0 0 -/++ 

Fish catch/landings - + + 0 ++ ++ +/++ + 0/++ 0 0 0/+ 

Ground water recharge - + + 0/+ + + +/++ + 0 0 0 +/++ 

Environment 

  

Water quality -/0 0 0/+ 0 + 0/+ + 0/+ 0 0 0 + 

Biodiversity --/- + + + ++ +/++ ++ + 0/+ 0 0 +/++ 

Tourism/Recreation Recreational use/opportunities -/0 0/+ 0/+ 0/+ ++ + + 0/+ 0 0 0 + 
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  Attractiveness tourism -/0 0/+ 0/+ 0 + + 0 0/+ 0 - 0 + 

Other production 

services Timber & Other biomass 0 0 0 0 + + 0 0 0 0 0 + 

CO2 sequestration CO2 sequestration -/0 0 0/+ 0/+ ++ 0/+ + 0 0 0 0 +/++ 

Inland waterway 

transport Transportation over water  0 0 -/0 0 0 - 0/+ 0 + 0 0 0 

Land use 

  

  

Available land for agriculture & 

building purposes + - - - -- -/0 -/0 -/-- 0 0 0 --/+ 

Resettled people 0 -/0 -/0 -/0 -/0 -/0  -/0 0 -- 0 -1 

Reduction of erosion - +/++ + + + + + + +/++ 0 0 +/++ 

Costs 

  

  

Investment costs $$$ $/$$$ $ $/$$ $/$$ $$ $$ $ $ 

$$/$$

$ $/$$$ $$ 

Maintenance costs $ -$ $ $ $ $ $ $ 0 0 $ $/$$ 

Land acquisition 0 0/$ 0/$ 0/$ $ $ 0/$ $ 0 0/$$ 0 0 

 
 
Key: 
 

-- - 0 + ++ 

<-25% -5 to -25% -5% to 5% 5% to 25% >25% 

 
 

$ $$ $$$ 

Low costs (< 50,000 million 

$ per km or hectare) 

Medium costs (between 

50,000 and 1 million $ per 

km or hectare) 

High costs (>1 million per 

km or per hectare) 
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2.5.3 Preliminary selection of NbS 
Basic rules for river management give guidance on what elements and processes of the river need 
to be respected, such as the dynamic nature of the midsection and the transport of sediment. It 
also supports the selection of interventions that value the natural processes in the river. In this 
section basic recommendations are given for the selection of NbS, which are primarily based on 
this natural system knowledge.  
 
The selected hotspot areas face the largest problems in the basin, hence solving these problems 
have a high priority. Instead of first exploring how to solve the problems by interventions in the 
hotspot area, it is recommended to first assess all possibilities to retard flood peaks and store flood 
waters upstream of the hotspot area (see Figure 2.5). Upstream close to the source, where the 
river is steep, most effective interventions are constituted by land-use management aiming to 
reduce and delay run-off and erosion. At locations where the rivers meanders and are most 
dynamic, interventions to increase flood conveyance, and to delay and retain flood waters can be 
effective. The latter keeps flood peaks, flash floods and sediment run off at bay and are also 
effective against droughts. Other appropriate interventions upstream the hotspot area are 
maintenance and conservation of flood plains and reservation of space for meandering of rivers.  
 
Advantages of taking interventions upstream of the hotspot is that there might be more space 
available to store flood waters. Also, it offers the potential to avoid relocation of people or the 
building of embankments and flood walls, which can aggravate flooding downstream. Several 
limitations may arise regarding the implementation of NbS 
upstream. For example, there might be a lack of space, 
insufficient contribution to the reduction of flood risk 
downstream or a large change in hydraulic conditions of 
the river. In this case, it is recommendable to explore 
possibilities at and further downstream the hotspot area. 
Possible downstream and hotspot interventions are 
removal of obstacles, relocation of people, zoning or 
building embankments. An exception is the non-structural 
intervention ‘early warning system’, which is usually a no-
regret intervention, and could therefore be considered at 
the start of the preliminary selection of NbS. Exploration of 
upstream nature-based interventions target working with 
the natural processes in a river that help to reduce flood 
risk and maintain the natural state of the river.  
 
In addition to the recommendation to start exploring 
interventions upstream, four general guiding principles 
have been developed that support the selection of 
solutions. The first is to leave as much room as possible for the river, allowing the river to meander 
and maintain the most natural state as possible. For urban areas hard structures for protection 
should be kept as far away from the river as possible. Also, this entails not building in the flood 
plain, as far as there are no buildings yet. For the river mouth this means to maintain the river 
mouth as natural and mobile as possible, and to not construct blocking structures at the river 
mouth. 
 
This will help maintaining elevation of the land to keep people and assets safe, and allows enough 
space for the river to discharge, even with high tides. The second principle, which is related to the 
first principle, is to not create bottlenecks or restrict the river. For example, narrow bridges can 
restrict the water flow leading to flooding upstream the bridge. Consideration of this requirement 
when designing infrastructure in the river is highly recommended. The last two principles are 
related to erosion and sedimentation in the river. The first is erosion and meandering are natural 

 

 

 

 

 

 

 

1. Leave as much room as 

possible for the river 

2. Do not create bottle necks or 

restrict the river 

3. Erosion and meandering are 

natural processes of a river 

4. Do not deprive the river from 

sediment, gravel and rocks 

BOX 2.2:  
GUIDING PRINCIPLES 

FOR RIVER 
INTERVENTIONS  
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processes of a river. As such, constraining erosion or meandering reduces the rivers’ natural state. 
This also leads to the last principle: do not deprive the river from sediment, gravel and rocks. 
Changing the sediment balance of the river by quarrying or dredging can lead to erosion at 
unexpected places and changes in the course of the river, affecting flood risk.  
 
Besides their contribution to reduce flooding (or flood risk), most interventions are targeted to 
reduce other problems, such as drought reduction, as well. The icons in Figure 2.5 indicate 
problems the interventions mainly reduce. These include respectively the hazards river flooding, 
drought, landslides, erosion and flood risk, which is defined as the combination of flood hazard, 
exposure and vulnerability.  
 
The flow chart in Figure 2.6 gives some guidance on the feasibility of NbS to reduce the identified 
problems in the selected hotspot area. It supports a first assessment and discussion without 
claiming completeness and general validity as a protocol or a recipe book. Only NbS that will (also) 
reduce flood risk are included in the flow chart. The NbS in the green boxes can best be taken 
upstream of the hotspot, the brown NbS downstream and the salmon NbS at the hotspot area. The 
NbS in the orange boxes are an exception, a hotspot with substantial erosion problems will benefit 
from bank retreat and zoning in the hotspot, whereas for flood reduction it would be more effective 
to implement these solutions upstream of the hotspot. Availability of sufficient space, presence of 
people and presence of a floodplain are some of the main pre-conditions to be able to take the 
NbS.  
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Figure 2.5: Flood management interventions that can be taken upstream, downstream and at the hotspot to reduce the identified 

problems. The icons show which problems the interventions potentially reduce. A reduction in river flooding entails a reduction in flood 

hazard, which could finally lead to a reduction in food risk. A reduction in flood  risk entails a reduction in either exposure or 

vulnerability of assets or population to both river and coastal floods.   
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Figure 2.6: Flow chart that supports selection of NbS.  
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2.6 Step 5: Impact and economic analysis  
The impact and benefits of a solution should be assessed for the entire basin to be able to compose 
a deliberate basin-wide portfolio of solutions. After a portfolio has been created, the combined 
impacts and benefits should again be explored to identify whether the solutions strengthen or 
negatively affecting each other. The following characteristics distinguishes NbS from other options 
(Kok & Wesenbeeck, 2019):  
 

• Reduction of flood risk downstream or upstream of the project location 
• Benefits are not always delivered directly after project implementation, e.g. a newly 

planted mangrove forest first has to mature before it delivers their full range of benefits 
• Delivers many additional benefits beyond flood risk reduction 
• Flexible and robust in dealing with changes in the environment and climate 
• Relatively low investment costs but high costs for operation and maintenance.  

 
Naturally, certain grey solutions have similar characteristics as NbS. Also, there is a lot of variation 
between different NbS. To make a deliberate decision between the different options, the 
effectiveness, costs and co-benefits should be explored.  
 
One of the key barriers of implementing NbS is the uncertainty regarding the technical performance 
of NbS (Deltares, 2019). Since information on the effectiveness of interventions is a pre-condition 
in economic analyses, this lack of information can become problematic. Ideally the effects of NbS 
are estimated with a validated model of the catchment that may account for hydrology, hydraulics, 
groundwater, water quality and ecology depending on the type of hazard, the type of NbS, and the 
benefits that are assessed. This exercise, however, is resource intensive.  
 
Cost-benefit analyses (CBAs) are applied to assess the overall impact of a project on the welfare 
of all citizens in the country (ADB, 2017b). When including NbS in a CBA, the advice is to (1) select 
a long-time horizon, (2) assess the effects on the whole basin and (3) consider benefits beyond 
flood risk reduction. However, one of the guiding principles of a CBA is that all effects on society 
are monetized. This is sometimes disputable from an ethical point of view, e.g. usage of value of 
statistical life to monetize the casualties of a flood. Furthermore, not all effects can be monetized, 
e.g. the intrinsic value of biodiversity. For other effects comprehensive studies are required. For 
example, the value of a habitat is frequently evaluated by conducting a willingness-to-pay study 
for the preservation or restoration of a habitat. Not only valuation is challenging. Often the effects 
of an intervention are unknown, which makes it impossible to monetize the effects.  
 
A practical solution is to assess the impacts on society that cannot be quantified or monetized in a 
multi-criteria analysis (MCA), whereas the monetized impacts on society are part of a (partial) cost-
benefit assessment. There is a potential risk that decision makers will only consider the results of 
the cost-benefit analysis. In order to reduce this risk to a minimum, the results of both the cost-
benefit assessment and the multi-criteria analysis will be presented in a single graph (see Figure 
2.7). This allows comparison of all interventions in a comprehensive way. Additionally, the 
monetized effects will also be included in the MCA and compared with other assessment criteria.  
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Figure 2.7: Example on how the results of an MCA and CBA could be combined to make 

a careful consideration on (socio-)economic aspects (EIRR = Economic Internal 

Rate of Return). 

 
 
CBAs executed as part of flood risk projects typically consider the reduction of expected annual 
damage (EAD) as the main (or only) benefit. Estimating the reduction of EAD is more 
straightforward for grey measures than for NbS. A grey measure, such as an embankment, is 
designed to reduce flood risk to a certain extent, whereas the effects of NbS may change over 
time. A flood model should be established to estimate the downstream effects of interventions. 
However, there are not always sufficient time and data to set up such a model. The alternative is 
using rules of thumb, based on relationships between storage capacity, river flow and flood return 
periods. However, for master planning and especially feasibility studies, a good flood model is key.  
 
Other effects, such as reduced flood risk protection expenditures and impact on ecosystem 
services (tourism, fish production etc.), can either be quantified and monetized (and as such be 
part of a CBA), or qualitatively or quantitatively assessed to be part e.g. of an MCA. The effects 
can be grouped according to the ecosystem services classification, e.g. CICES (EEA, 2020), 
according to direct, indirect and non-use benefits, or according to a self-made classification. Most 
important is that all main effects of the interventions are included in the assessment. Stakeholder 
and expert engagement are essential to obtain a complete list of effects. Table 2.4 gives an 
example of a self-made classification of potential effects of NbS and grey interventions inspired by 
the ecosystem services classification and flood risk CBAs. Expected Annual Damage (EAD) 
includes direct damage, such as damage to houses, land, crops, goods and commodities, whereas 
indirect damage incorporates income loss due to discontinuity of business in and outside the 
flooded area. The table does not provide information on the distribution of the effects. Some groups 
might benefit more than others, preferably a distinction of the impact on different groups is made 
as it will give important decision information.  
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Table 2.4: Possible categories and indicators part of MCA. 

Effects Unit 

Flood risk 

  

  

  

Avoided EAD (direct and indirect) – hotspot 

location million USD/year 

Avoided EAD (direct and indirect) – 

downstream  million USD/year 

Avoided Fatalities – hotspot location # 

Avoided Fatalities – downstream # 

Health impact (mental or physical), expressed 

as additional health costs million USD/year 

Food & water 

security 

  

  

Agricultural production million USD/year 

Fish catch/landings million USD/year 

Food security % 

Access to safe drinking water % 

Other production 

services 

Sand mining million USD/year 

Timber & other biomass million USD/year 

Transportation over water million USD/year 

Environment & 

climate 

  

  

Water quality Score 

Biodiversity # indicator species 

Loss of natural habitats km2 

CO2 sequestration  

Tourism/Recreation 

  

Recreational use # visitors 

Attractiveness tourism Score 

Other 

 

 

Property value million USD/year 

Available land for agriculture and building 

purposes km2 

Resettled and displaced people # 

Costs   

Investment costs   million USD 

Maintenance costs  million USD/year 

Land acquisition  million USD 

 
For a fair comparison of NbS and grey interventions, the time horizon is essential. The flood risk 
benefits of NbS comprising vegetation (which take time to develop) will only become evident on 
the long term. Therefore, the advice is to consider a longer time horizon to assess the costs and 
benefits of interventions than currently considered, e.g. more than 50 years.  
 
A longer time horizon makes it increasingly important to recognize future uncertainty in the 
analysis. In Step 2 future scenarios have been developed, which can be used to assess the 
benefits of interventions under different future scenarios. Benefits might for example change if 
more people will move to a flood protected area. As such, for each scenario an Economic Internal 
Rate of Return (EIRR), Net Present Value (NPV) or score should be calculated. Interventions that 
score positive under all scenarios are preferred above interventions which score negative under 
one scenario and very positive under another.  
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2.7 Step 6: Prioritization of interventions  

In Step 4, the most promising NbS are selected from a technical perspective. This is followed by a 
comparison of the effects, costs and benefits of the interventions under different future scenarios 
in Step 5.  
 
As demonstrated before, the results of the CBA and MCA can be compared in one graph (see 
Figure 2.8). According to ADB, the EIRR of interventions should be at least 10% and preferably 
above 12% (ADB, 2013). All interventions with values above 10% are promising interventions from 
an economic perspective. However, this does not incorporate all (co-) benefits. A threshold should 
be set determining the minimal (normalized) MCA score for an intervention to be promising. For 
example, this can be (at least) a score of 50. The interventions with an EIRR above 10% and an 
MCA score above 50 are the most promising interventions from an economic point of view. The 
no-regret interventions score in all scenarios above the appointed thresholds.  
 
The advice is to examine the implementation feasibility, including public support, ownership and 
funding (opportunities), of the most promising interventions from an economic perspective. After 
this analysis the most promising interventions will be developed further in a final strategy.  
 
 

 
Figure 2.8:  Example on how the results of an MCA and CBA could be used for the 

prioritization of interventions.  
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3 System analysis of the 6 river basins 

The IPIF Output 2 consultants prepared flood risk management master plans for 6 river basins 
resulting in a recommended strategy for each basin. In the masterplan process the consultant was 
assisted by the NbS consultant in all phases and as a result the masterplans take a flood risk 
management approach and evaluate strategies at a basin scale. The main guiding principles 
derived from Sayers et al. (2013) are followed: 

I. Base decisions on an understanding of risk and uncertainty, 
II. Accept that absolute protection is not possible and plan for exceedance, 
III. Recognise that the future will be different from the past, 
IV. Implement a portfolio of responses and do not rely on single measures, 
V. Use limited resources efficiently and fairly to reduce risk, 
VI. Be clear on responsibilities for governance and action, and 
VII. Promote some flooding as desirable while safeguarding ecosystem services.  
 
This results in that Room for the River as a strategy to solve problems with flooding and erosion is 
evaluated for all basins. Also, for all basins, NbS are included where appropriate. To follow a risk-
based approach (where investment is linked to potential damage from floods or erosion) strategies 
were proposed for agricultural and residential areas (Table 3.1). On the level of the basin, specific 
attention was paid to non-structural measures.   
 
Table 3.1: Overview of possible strategies and measures applicable to areas with 

different user functions. Adapted from: IPIF Output 2 Consultants, 2019. 

Area Main strategy Possible interventions 

Whole basin Non-structural measures Strengthening Preparedness 

Monitoring and maintenance 

Early warning system 

Reforestation in upstream areas 

Residential areas Protection for Q1003 Dikes 

Channelling 

River capacity enhancement 

River bank protection 

Agricultural  
landscape 

Room for the river 
Damage reduction 

Resettlement and evacuation 

Different cropping regimes 

Natural floodplain management 

Widening drainage channels  

Gate installation 

Summer and winter dike system 

Vegetation for reduction of flow and 
currents 

3.1 Selection of river basins for NbS implementation 

For the current study, it was decided to elaborate on NbS for three basins that have potential to 
host flagship projects. The aim of these projects is to showcase that NbS can be implemented and 
work successfully. To select these basins, six criteria were used. The selection was informed by a 
system analysis which is presented in factsheets (see section 3.2) and that serves to obtain an 
overview of the environmental, social and economic characteristics of each basin (see also Table 
3.2).  
  

 
3 Flood protection for a flood event that has a 1 in 100 chance (1% probability) of being equaled or exceeded in any given 

year.  
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In addition, the newly developed basin master plans are used to obtain a perspective of flood risk, 
and of proposed strategies and interventions. Chapter 4 to 6 describes the main problems, a 
selection of hotspots, possible NbS, and gives input for the feasibility study and community 
questionnaire for every selected river basin, and for a specific NbS in that basin.  
 
To determine the river basins most suitable for implementation of nature-based solution flagship 
projects the following criteria were assessed: 
1. The amount of people in the basin 
2. The potential role of NbS in solving flood problems 
3. The government willingness to invest in the basin 
4. The accessibility of the basin (safety and potential to visit the flagship project) 
5. Distribution of resources with respect to poverty and geographic location 
6. The location of NbS in the basin (downstream or midstream) 
 
The number of people was used as a criterion to ensure that funding would go to areas where it 
would benefit the most people. Poverty incidence indicates the economic vulnerability of the 
population in the basin, these people are potentially in most need of investments, but could also 
be negatively affected the most as a result of investments. Furthermore, there should be 
opportunities for NbS to help reducing floods and erosion risk in the basin, the expected annual 
damage provides an indication of the current flood risk. The natural state of the river indicates if 
there is potential for NbS to support restoration or conservation of nature in the river basin. The 
preparedness to invest in the basin, the potential to serve as a demonstration case, and 
accessibility of the river basin to the NbS consultant and future visitors are also factors considered. 
Finally, it was considered that demonstrating both a downstream and a midstream NbS would have 
a profound effect.  
 
Table 3.2: Overview of the characteristics of the different ba sins which were leading in 

the selection of river basins. Poverty incidence is expressed as % of population in 

the region under the poverty line. Natural state river and accessibility are based 

on expert judgment. Sources: IPIF Output 2 Consultant, 2020 . 

Features Buayan - 

Malungon 

Abra Tagum 

Libuganon 

Apayao - 

Abulug 

Jalaur Agus 

Location South 

Cotabato, 

Mindanao 

Cordillera, 

Luzon 

 Davao el 

Norte, 

Mindanao 

Cordillera, 

Luzon 

Iloilo, Visayas Lanao del 

Sur/Norte, 

Mindanao 

Population 433,353 487,651 713,169 143,379 779,068 1,325,955 

Poverty 

incidence 

37.3%  28.9% 25% 34.9% 22.4% 66.3% 

Expected 

Annual 

Damage 

(MPhP) 

1,111 344 1,947 ~5,730 8,983 691 

Natural state 

river 

Low- 

Average 

Average - 

High 

Low-Average Average Low Average-High 

Forest area 5.6% 52% 43% 50% 15% 50% 

Accessibility Good Good Average Average Bad Bad 

Proposed 

NbS 

measures 

Room for the 

river,  

Reforestation 

Vegetation 

buffers, 

Reforestation 

Natural 

retention 

zones as 

buffers, 

bypass, 

watershed 

conservation 

Widening 

creek 

Early warning 

Reforestation 

 

Elevation of 

roads 

Reforestation 

Flood 

forecasting, 

Reforestation 
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The basins with most people are Agus and Jalaur. Agus is an extremely interesting case for NbS 
as the upstream part of the river consists of several rivers that feed into Lanao lake. This lake has 
a large ecological function and provides livelihoods for many people living around the lake. The 
lake and adjacent wetlands are in decline due to encroachment towards the lake and on the rivers. 
Loss of provisioning functions is then likely to follow. However, the area is very difficult to access 
because of severe safety issues and therefore, information and insight in NbS is lacking to select 
this area for exploration of NbS potential.  
 
The other river where most people benefit from flood risk reduction measures is Jalaur. However, 
in Jalaur flood problems upstream are focused on urban areas. In addition to that, the process to 
build a large hydropower dam upstream is commencing. As this will reduce the need for additional 
interventions, the upstream area of Jalaur was not considered feasible for NbS piloting. For 
downstream Jalaur, soft solutions are possible and will be implemented. Several of those solutions 
are very bottom-up and community driven, and are being proposed for IFRMSP. As this area was 
sufficiently covered in the IFRMSP, it was decided not to explore NbS for Jalaur in this study any 
further.  
 
The Apayao-Abulug basin has the least inhabitants of all basins. As such, less people will benefit 
from flood risk reduction measures. The basin offers a variety of ecosystem services reflected in 
the number of ecotourism sites in the area, in the viability of water resources, and in being a key 
biodiversity area.  
 
Although, implementation of NbS is possible and promising, this basin was not selected due to 
their low number of inhabitants compared with other basins. The close proximity of the Abra basin 
has been another reason to not select both the Abra and Apayao-Abulug basin. 
 
For implementation of NbS, three basins are selected, Abra, Buayan and Tagum river basins. All 
basins have high-risk hotspot locations and relatively large cities (with around 300,000 inhabitants) 
in the downstream area close to the coast. Multiple hazards threaten these cities, such as flooding 
from the river, from the coast and by stormwater run-off. In the midsections of these rivers smaller 
flood risk is expected but there is potential to restore meanders, have double embankments, retain 
flood waters and improve some of the old projects by taking a NRM approach in these rivers. Also, 
rivers differ largely from each other, in climate, natural state and in discharge capacities. Hence, 
appropriate strategies in the two basins may differ. Besides, applying the NRM approach to these 
basins, advice will be given on NbS in other basins based on a qualitative assessment.  
 
Each case-study is evaluated to a different level of detail depending on available information, 
problem at hand and the intervention type. This is done in close collaboration between the NbS 
consultant and the IPIF Output 2 consultant. For the Buayan-Malungon river basin, data availability 
was good, and a more detailed flood risk assessment could be prepared by the NbS team. Also, 
the downstream Buayan area offered a lot of potential as it is situated close to a growing city and 
several old hard structures can be found in the river that exacerbate flood problems. The IPIF 
Output 2 consultant proposed two room for the river strategies combined with grey measures for 
this river basin. There was a lot of potential to explore possibilities to add more NbS aspects to 
these strategies and provide advice on methods to compare the full range of effects of these 
strategies. Especially for NbS, this is important, as NbS have often a larger variety of effects than 
grey measures. Furthermore, hard interventions downstream that would fixate the river mouth, 
were also thought to possibly worsen flooding, make communities more vulnerable on the long-
term and harm ecology of the area.  
 
For Tagum-Libuganon, existing infrastructure, mainly rods and too narrow culverts, is worsening 
flood problems for Carmen city. The NbS proposed, including reviving wetlands, reconnecting old 
tributaries and reconsidering agricultural practices, clearly offered a better solution than any hard 
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infrastructure intervention. Finally, for Abra, main measures focus on the erosional issues in the 
midsection. Here, mainly hard measures were suggested to stop channel movement and bank 
erosion. To limit construction of hard measures that may have negative effects by creating scour, 
increasing current velocities and shortening the flow path, a small advice was drafted 
collaboratively how to make use of quarrying activities to steer channel movement and limit bank 
erosion without negative long-term or downstream effects. 
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3.2 Abra  

 

 

 

 

 
 
 
 
 
 
Situated primarily in the Cordillera Administrative 
Region (CAR) in Northern Luzon. The Abra river 
flows from CAR through a gap in the mountain 
ridge to the coast of the Ilocos Region. The river 
basin has an area of approximately 5,125 km2. 
The topography of the northern, eastern and 
southern portions of the basin is rugged and 
mountainous. Elevations rise to 1500 m asl and 
flat terrain make up only an estimated 10% of the 
watershed. 

 This area is characterized by two pronounced 
seasons, dry from November to April and wet 
during the rest of the year. The seasonal rainfall 
pattern and rainfall amount fluctuate from year to 
year with occurrences of extreme events. 
Observed rainfall anomalies are attributed to the 
occurrences of El Niño and La Niña episodes. 

 
Water quality is an issue in the basin as the mining 
industry, population growth and urbanization have 
contributed to the pollution of the river. 
Deforestation, logging and quarrying activities 
have exacerbated soil erosion and increased the 
frequency of landsides, causing river siltation and 
further reduction of water quality. 

 

Although 
agriculture is not the main livelihood activity in the 
basin, there are plans to expand irrigated fields 
through the construction of several hydropower 
(micro-) plants that may also function as irrigation 
water storage. These are currently in the 
feasibility stage. 

 
 
 
 
 
  

GENERAL DESCRIPTION 

Land Use 

LOWER 

BASIN 

MIDDLE 

BASIN 
UPPER 

BASIN 

Abra River Basin 



 

 

 
 
 

 

Nature-based solutions in Philippine river basins 

 

11204073-002-ZWS-0001, September, 2020 

26 

 
 
 
 
 
1. Water resources management; 
2. Watershed management and restoration; 
3. Creation of an institutional framework and physical structure for management; 
4. Flood control and hazard management; 
5. Watershed and river management; 
6. Coastal resources management; and 
7. Community participation. 
 
 
 
 
Natural hazards in the basin are soil erosion (A), floods (B) landslides (C), typhoons (D) and 
drought. 
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Scarce populations in villages on steep slopes and forested areas. Flash floods and landslides are 
common due to steep slopes and deforestation, but they are of low risk as exposure is low.  
 
 
 
 
Dense population concentrated in the large villages on the valleys. Low lying areas are affected 
by floods. Municipalities with high to very high risk (high exposure and hazard prone) to flooding 
are Dolores, Tayum, Bangued, San Juan, Langilan, Lapaz, Bucay and Manabo. The municipalities 
that are susceptible to soil erosion are Danglas, Northern Bangued, Langidan, San Quintin, San 
Isidro, Bucay, Sallapadan, Villaviciosa, and Luba. There are several existing flood damage 
measures in the basin to protect both infrastructure and agricultural areas, namely: dikes in Pidigan 
and Bucay, cut-off channel in Bangued, timber pile hurdles in Tayum and Dolores, spur dikes in 
Dolores, Lagangilang, Lapaz and Tayum, and revetment in Lagangilang. 
 
 
 
 
Very dense population concentrated in large villages. Most of the lower river basin is flood prone 
(i.e. the municipalities of Bantay, Caoayan and Vigan City). Flooding occurs with local rains but is 
worsened by high tidal levels. The river mouth is dynamic and there is evidence that it historically 
passed through Vigan city. Therefore, erosion along banks is common. Several staggered 
revetment structures have been constructed to protect settlements and agricultural areas on both 
sides of the river mouth and to protect a gravel mining location on the river. 
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3.3 Agus 

 
 

 
 
 
 
 
 
 
 
The Agus river basin is under the jurisdiction of two 
administrative regions. Eighty nine percent of the 
basin’s 1,987 km2 total land area covers 30 
municipalities in Lanao del Sur of Autonomous 
Region of Muslim Mindanao (ARMM) while 11 % falls 
under 8 municipalities in the province of Lanao del 
Norte in Northern Mindanao (Region X). It is bounded 
on the north by Iligan Bay, Bukidnon province on the 
east, Maguindanao and North Cotabato provinces on 
the south, and on the southwest by Illana Bay. 
 
The primary upstream tributaries are Ramain, 
Taraka, Masiu, and Gata with the latter three 
collecting rainwater from the Mt. Paiguyan Mountain 
Range, while the Ramain recharges from the 
rainforests of Bubong and Maguing. These upper 
tributaries flow into the Lanao lake with a storage 
capacity of 21,254 m3 and a maximum depth of 
118 m. The lake is one of the 17 Ancient Lakes of the 
world, estimated to be between 2 and 20 million 
years old. The lake is drained by the Agus river 
through the Baloi Lake into the bay. Aside from these 
major tributaries there are smaller sub-watersheds 
with no major perennial rivers.  
 
Modelled peak discharges (m3/s) through the rivers 
are shown on the table below. P5 is the peak 
discharge with a probability of 1 per 5 years, whereas 
P100 is the peak discharge with a probability of 1 per 
100 years. There is no pronounced rainfall peak 
period in the year. On average 1,500 – 2,000 
mm/year falls in the lower/middle basin and 2,000 – 
2,500 mm/year falls in the upper basin. 
Temperatures in the basin range from 18.8 to 26.7 
oC.  There is medium risk that rainfall will change in 
the future, however a very high risk that temperatures 
will increase.  
 

 

Calculation Point P5 P100

Confluence of Raimain and Siguan River 140   460   

Confluence of Taraka and Maguing River 210   750   

Gata River 140   600   

Masiu River 70     280   

Agus River 430   820   
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Ranao (Agus) River Basin 
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There are around 1,325,955 inhabitants (per Census 2015). In 2030, it is expected that the 
population will reach approximately 1.8 million. Corollary to the growth is the increase in the 
demand for water and other resources. Human settlements are dispersed in several manners but 
are generally concentrated along the coast of Iligan Bay, Illana Bay and Lanao Lake. Two cities 
within the basin (i.e. Iligan City and Marawi City) are highly populated. The main activities in the 
basin are aquaculture, agriculture and hydropower. Lanao lake offers a valuable source of energy 
and water supply for these activities.  
 
The basin is situated in one of the poorest provinces of the country where up to 67% of the families 
live below the poverty line. Adding to the challenge is the high number of displacements of 
inhabitants due to natural and man-made disasters. A siege of Marawi city in 2017 resulted in a 
massive displacement of population.  
 

 

 
 
Eight (8) key biodiversity areas are situated within the Agus river basin comprising 105,055 
hectares or about 53% of the total area; two of which (i.e. Lake Lanao and Mt. Piagayungan 
mountain range) occupy almost half of the basin with a combined area of 98,512 hectares. Mt. 
Piagayungan mountain range is home to a diverse flora and fauna that requires protection and 
conservation. Terrestrial rodents and shrews are endemic in this ecoregion with some species 
considered threatened, particularly the Philippine brown deer and warty pig. Birdlife International 
has also classified Mindanao mountains and lowlands as Endemic Bird Areas (EBA) as homes to 
restricted range species. In addition, this ecoregion also shelters the critically endangered 
Philippine eagle.  In the rivers, studies have shown the decrease in the original number of species, 
specifically that of endemic cyprinids that is 
reduced to currently only 3 species and the 
Philippine freshwater crocodile which is critically 
endangered. Improper upstream practices have led 
to accumulation of chemicals from pesticides and 
fertilizers, and siltation along the lake shore 
reducing terrestrial and aquatic biodiversity. 
Furthermore, they are threatened from unregulated 
hunting for trade. 
 
 
River Basin Plan should Address: 

 
1. Water Resource Management; 

2. Watershed Management; 
3. Flood Control/Mitigation and Disaster Risk 

Reduction Management and Hazard 
Management; 

4. River and River Delta Management; 

5. Coastal and Fresh Water Resources Management; 
6. Biodiversity Conservation; 

7. Climate Change Adaptation and Mitigation; 
8. Mineral Resources Management;  

9. Sustainable Management through Community Participation; 
10. Economic Development; and 

11. Institutional Linkages and Organizational Structure for River Basin Management.  

 

BIODIVERSITY 

RIVER BASIN PLANS SHOULD ADDRESS: 
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People and settlements are exposed to natural hazards 
as evidenced by 13 calamities that hit thousands of 
people in the area from 1999 to 2011, with flashflood 
and flooding being the most common.  
 
This area is only partly sheltered from the northeastern 
monsoon and trade winds and are open to the 
southwest monsoon or at least to frequent typhoons. 
These events lead to flooding around Lanao Lake and 
close to the mouth of the Agus River which are also the 
most populated areas. In total, more than half (67%) of 
the entire structures within the basin are prone to 
flooding.   
 
Most of the basin has a flat to gently sloping topography and landslides become more common 
only at the upper tributaries where slopes are steeper. The area is surrounded by several fault 
lines. It frequently experiences earthquakes above magnitude 4 causing these landslides. 
 
 

 

Mt. Piagayungan protected area covers most of the upper basin. This area is thus primarily 
composed of forests from mossy forests (> 2,400 m a.s.l.), upper montane forests (1,500 – 2,400 
m a.s.l), lower montane forests (1,000 – 1,500 m a.s.l) and lowlands evergreen rainforest (<1,000 
m a.s.l).  Forested areas have low population density and more settlements are concentrated close 
to the tributary mouths east of Lanao Lake. This area has a gentle terrain with large valleys and 
wide floodplains with meandering rivers at an average amplitude of 230 m. The rivers are 
embanked here and thus flow higher than the surrounding plains. They overflow when hydraulic 
capacity is exceeded flooding urban and agricultural areas. Maximum floods of 2-2.5 m have been 
reported in this area. 
 
 
 
 
Lanao Lake makes up most of the area of the middle basin. The Agus I dam controls water levels 
in the lake by discharging into the Agus river outlet. One of the major cities of the basin, Marawi 
City with 167,106 inhabitants per 2010 census, is located close to the Agus river inflow.  
 
Improper practices in the lake tributaries upstream has led to the influx of soft sediment into Lanao 
Lake from upstream decreasing storage capacity and increasing discharge overflows during 
extreme events into the Agus River.  
 
Steep areas in the middle basin surrounding the lake and specified key biodiversity areas are 
scattered with disturbed forest. Adjacent moderately sloping to flat areas are planted with 
agricultural crops and fruit bearing trees. Around the Lanao Lake, 41 species of medicinal plants 
are used traditionally by local communities. Within the lake, large quantities of water hyacinth grow 
at the lake surface that may constrain flow while it is suspected that only 2-3 out of the 18 endemic 
aquatic fauna currently inhabit the lake, a decline believed to be caused by the introduction of the 
commercially important white goby (Glossogobius giurus). The lake is inhabited by other exotic 
commercially important fishes such as the mudfish, tilapia and shrimp.  
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The Agus River which flows into Illigan Bay is controlled by 5 other dams. East of the river mouth 
is Illigan city with 342,618 inhabitants. The hydropower dams regulate flows and have considerable 
impact on the hydro-morphologic equilibrium of the river. During extreme events, the dam 
discharges overflow flooding the Baloi Plain near the river mouth. With the storage capacity of the 
lake decreasing due to siltation, the occurrence and magnitude of overflow discharge are likely to 
increase in the future.  
 
The Agus River has a diverse aquatic ecology with 36 species of plankton and freshwater 
prawns/shrimps, snails, bivalves and crabs present in the water body. A migratory freshwater eel 
considered a delicacy in the region known locally as “kasili” (identified as Anguilla sp.) historically 
migrates through the Agus River into Lanao Lake. However, their numbers have noticeably 
dwindled due to the dams blocking their paths.  
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3.4 Apayao-Abulug River Basin 

 
 
 

 

 

 
 
 
The Apayao-Abulug River Basin (AARB) lies in the 
regions of Ilocos, Cagayan Valley, and Cordillera 
Administrative Region (CAR) spanning 14 
municipalities in the provinces of Abra, Apayao, 
Cagayan, and Ilocos Norte with a total of 225 
barangays covered. The drainage basin measures 
3,776 km2 with a length of 175 km, making it the 9th 
largest river system in the Philippines. The 
topography of the basin varies from mountain 
peaks and ranges rising to 2,400 m a.s.l (Mt. Baloy) 
to flat rolling hills.  
 
The Abulug River traces its water origin from the 
mountains of Apayao in the Cordillera 
Administration Region (CAR). The Apayao river 
meets the latter in the municipality of Kabugao, then 
takes a northeasterly course towards the sea. The 
Nagan river, one of its tributaries, is hailed as one 
of the cleanest rivers in the country.  
 
The basin annual rainfall varies from less than 
3,500 mm in the northern portion to more than 
3,800 mm in the mountainous areas. The monthly 
air temperature ranges from 19°C in January to 
35°C in May and the annual mean is 27°C at Aparri, 
Cagayan. Annual mean temperatures are expected 
to rise by 0.9°C to 1.1°C in 2020, by 1.8°C to 2.2°C 
in 2050. The number of dry days (less than 2.5 mm) 
will increase, and heavy daily rainfall (exceeding 
300 mm) events will also increase. 
 
There are 143,379 inhabitants concentrated along 
the coastal area and increasing at an annual rate of 
1.2%, derived using the 2010 and 2015 population 
data from the Philippine Statistics Authority (PSA). 
The biggest share of the population is situated in 
the Cagayan province as it covers the largest 
portion of the watershed. 
 
Poverty incidence is a prevalent condition within the 
river basin. In 2015, Apayao recorded a poverty 
incidence among families of 30.9%, the highest in the region. Apart from poverty, other eminent 
problems identified in the river basin include low productivity, incompatible land uses, excessive 
utilization of resources, unbalanced local economy, and inadequate infrastructure and support 
facilities. The main activity in the basin in agriculture.  

Apayao-Abulug River Basin 
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AARB offers a myriad of ecosystem services as reflected in the number of ecotourism sites in the 
area, in the viability of water resources, in the presence of mineral resources, and in being a key 
biodiversity area. The Apayao Lowland Forest Key Biodiversity Area (APF KBA) is home to 3 
species of rats (two of which are endemic), 13 species of bats, 22 species of herps, and 91 species 
from 10 families of birds. 
 
Most of the river basin area is classified as forestland. To ensure forest protection, approximately 
30% of the forestland is officially designated as forest reserve. Other land cover types present in 
the basin include grassland, barren land, built-up areas, cultivated areas, and marshland, among 
others. 
 
 
 
 
 

1. Water Resources Management; 
2. Watershed Management; 
3. Flood Control/Mitigation and Disaster Risk Reduction and Hazard Management; 
4. River and River Delta Management; 
5. Coastal and Freshwater Resources Management; 
6. Biodiversity conservation; 
7. Climate Change Adaptation and Mitigation; 
8. Mineral Resources Management; 
9. Sustainable Management through Community Participation; 
10. Economic Development; and 
11. Institutional Linkages and Organizational Structure for River Basin Management.  

 
 
 
 
 
Flooding can directly impact a significant portion of 
the river basin. Eight municipalities are in areas 
highly susceptible to flooding. These areas are 
central to agricultural/economic activities and 
represent where the majority of the population is 
clustered. The number of buildings and other 
amenities that are potentially affected in the event 
of flooding make up 41% of the total 
built up structures. The ‘unidentified’ category is 
deemed to be mostly residential.  
 
Due to the terrain, the upper portion of the 
watershed is highly susceptible to landslides.  
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Although its susceptibility to inundation is low, the upper basin has a high susceptibility to landslide 
due to steep slopes of 0.33% and reduced forest cover of 56%. Some local scouring is observed 
in the municipalities of Calanasan and Kabugao. 
 

Gened 1 Hydroelectric Power Project is underway at about 12.6 km downstream of Municipality 
Kabugao. The flood reduction effect of a new dam downstream is expected to be insignificant 
however. 
 
 
 
 
The middle basin is covered by cultivated plains with an average slope of 0.25%. Strong river 
meandering is observed causing natural bank erosion on wide floodplains that reach a width of 
3,400 m at some locations. There is moderate susceptibility to landslides, high susceptibility to 
local scouring and low susceptibility to inundation. However, villages are located beyond the flood 
plains and are relatively safe. 
 
 
 
 
The lower basin has large agricultural plains with meandering rivers on floodplains reaching a width 
of 3,200 m near Barocboc. Slopes are at 0.12% which reduce to 0.05% close to the coast. Due to 
strong meandering, scouring is an issue in some municipalities. The village road has been broken 
in Barocboc as a result.  
 
The Abulug river basin outlet is next to Pamplona River outlet and Cagayan River outlet, and there 
are no boundaries between these three basins downstream. The flood of each river therefore 
influences the other rivers in this area. Furthermore, the area close to the coast is subject to tides 
and coastal floods.  This area is thus the most vulnerable to flooding. Municipalities severely 
affected by flooding are Abulug, Ballesteros, Pamplona, Allacapan in Cagain, and Luba and Santa 
Marcella in Apayao. 
 
During relatively dry periods, littoral transport accumulates sand in the river mouth. During floods, 
high flows remove sand deposits and breach this barrier. As a result, drainage from the river to the 
sea is congested at the beginning of floods, causing water to accumulate upstream. 
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3.5 Buayan – Malungon 

 
 

 
  

 
 
 
The Buayan-Malungan river basin, located in the 
Southern and Central Regions of Mindanao, has a 
drainage area of 1,641 km2. The primary rivers are the 
Malungon, Dumulog, Latian, Maribulan and Linao Rivers 
which flow into the Buayan river that discharges water 
into the Sarangani Bay. Modelled peak discharges 
(m3/s) through the rivers are shown on the table below, 
P10 indicating peak discharges of 1 in 10 year, P50, 1 in 
50 year and P100, 1 in 100 years. Rainfall is almost 
evenly distributed throughout the year at ~80 mm/month 
with temperatures ranging from 22.82 to 34.4 oC based 
on records of the General Santos City weather station 
west of the river mouth. 
 

 
Mountains border the basin on the East and West with 
elevations exceeding 2,000 m asl and very steep slopes 
from the hills to the valleys exceeding 30%. Elevations 
and slopes are more moderate through the mid and 
lower sections of the basin decreasing to 0-30%.  
 
There are around 330,000 inhabitants (per Census 
2015) in the river basin which is expected to rise to 
800,000 by 2050. Many families live under the poverty 
line with the average family income much lower than the 
country’s average. Agriculture is the main livelihood 
activity but poor water supply has forced inhabitants to 
other sources of income such as charcoal making, 
kaingin, and logging reducing much of the basin to 
grasslands and increasing the occurrence of landslides. 
The sediments deposited into the river accumulate in the 
middle and lower basins with low slopes and strong river 
meandering where it attracts uncontrolled quarrying 
activities. The perturbations of this activity have a 
significant impact on the river geomorphology. 
  

Buayan-Malungon River Basin 

Elevation 

Land Use 

Calculation Point P10 P50 P100

Buayan River before Buayan-Malungon confluence 214   431   537   

Buayan River after Buayan-Malungon confluence 676   1,285 1,574 

Buayan River after Buayan-Dumolog confluence 796   1,542 1,899 

Latian River before Latian-Maribulan confluence 80     172   219   

Maribulan River after Latian-Maribulan confluence 112   247   317   

Buayan River after Buayan-Maribulan confluence 988   1,985 2,477 

GENERAL DESCRIPTION 



 

 

 
 
 

 

Nature-based solutions in Philippine river basins 

 

11204073-002-ZWS-0001, September, 2020 

36 

 
 
 

1. To improve water quality in the river basin; 

2. To develop the waste water sanitation facilities; 
3. To develop irrigation facilities within the river; 

4. To protect, preserve, and rehabilitate the forest, wetlands and remaining biodiversity of the 
river basin through monitoring and management; 

5. To find other sources of renewable energy for sustainability; 
6. To create or improve livelihood and opportunities to the communities within the river basin; 

and 

7. To construct or improve infrastructure for climate-related risks. 

 
 
 
Natural hazards common in this basin are 
droughts, earthquakes and flooding (A), 
landslides (B), and soil erosion (C). 
 
Droughts occur during the El Niño when the 
rainy season is shortened. The basin is 
situated in a highly seismic area with an active 
volcano, Mt. Matutom, and fault lines 
surrounding the basin causing earthquake-
induced landslides and possibly tsunamis.  
 
Outside of the typical typhoon paths, floods are 
driven by the South East Monsoon (Habagat) 
from April to October when upstream discharge 
peaks rise significantly.  
 
Flooding occurs at the confluence of the main 
rivers in the middle and lower basins. The 
incidence of these extreme events has 
increased in recent years following climate 
change trends. Extreme rainfall further 
saturates the soils in the basin causing pluvial flooding and landslides on deforested slopes. 
Soil erosion through rainfall detachment and wind transport is intensified through anthropogenic 
activities, and a large area of the basin is susceptible to extreme erosion. 
  
 

 
 
About 53,600 inhabitants are scattered in villages mainly along the river courses. Protected 
mountainous landscapes, namely, Mt. Matutom, an active volcano, and the Mt. Latian Complex, 
border the basin at the East and West respectively. Hence this area is characterized by high 
altitudes (>2,000 m asl) and steep slopes (>30%) which become more gradual towards the center 
of the upper basin. Forests are concentrated in the upper basin within these protected areas. Other 
locations are reduced to grasslands due to deforestation or purposely converted to cultivated 
areas. 
 
Limestone soils dominate steep slopes at high altitudes covered by Molave, Nara and Conifer tree 
species in forested areas. These soils have characteristically low drainage and high erodibility and 

A B 
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must therefore be left under forest cover. However, due to deforestation in the upper basin, 
flashfloods and landslides are exacerbated depositing large amounts of sediments in the upper 
rivers situated in narrow sloping valleys (300-500 m).  
 
 
 
About 99,700 inhabitants are concentrated in barangays along the river course.  The land cover is 
mainly reduced to grasslands due to deforestation or purposely converted to cultivated areas. The 
rivers in the middle basin have short braided sequences that turn into dynamic meanders.  
 
River slopes become more gradual and water depths increase reaching 8-10 m. As a result, water 
velocities decrease promoting sediment deposition and flooding. A flooding hotspot occurs at the 
confluence of the Mateo and Buayan River where a small settlement exists, and the Pan 
Philippines Highway crosses downstream restricting the flow.  Dikes are built adjacent to this 
bridge to protect households. 
 
 

 

 
 
About 150,000 inhabitants are concentrated in Barangays along the river course and in General 
Santos City to the West of the river mouth that flows into the Sarangani Bay. The bay is known as 
the tuna capital of the Philippines and a protected seascape. The land cover outside of built-up 
areas is mainly reduced to grasslands due to deforestation or purposely converted to cultivated 
areas. Sea grasses are found in the river’s brackish water, home to 46 species of prawns and fish, 
including the milkfish (‘Bangus’), the Philippine’s national fish. The mangrove areas along the river 
banks and the coast of the bay have mostly been converted to fishpond aquaculture. 
 
This part of the basin is affected by inland, riverine and coastal flooding at the river mouth and at 
the confluence of the main tributaries Buayan and Maribulan (i.e. Brgy. Buayan, Maribulan and 
Baluntay). The low and flat topography covered by clay-loam soils cause waterlogging conditions 
for pluvial inland floods. In addition, this low lying-area is quickly inundated under high river 
discharges upstream with floods lasting up to 4-6 hours in Brgy. Buayan and Baluan. Lastly, storm 
surges and possibly tsunamis from offshore earthquakes cause coastal flooding. 
 
The rivers alternate between braided and meandering patterns that have high lateral and 
longitudinal mobility with large flat plains up to 1 km wide. There is moderate to high erosion along 
the river banks due to shifting river meanders affecting small villages (i.e. Brgy. Batomelong) and 
agricultural lands. Staggered revetment structures are present along the rivers to protect 
agricultural lands and built-up areas including the Rajah Buayan Air Base to the West of the river 
mouth. A weir was constructed downstream of the Buayan Bridge to prevent erosion damages. 
However, it collapsed only 1 month after completion. High sediment loads in the river and improper 
upstream practices are discharging water with high total suspended solid (TSS) concentrations, 
163 mg/L, and a very high chemical oxygen demand (COD) reflecting high amounts of pollution. 
Poor water quality of the river discharge is a threat to the ecosystem on the Sarangani protected 
seascape.
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3.6 Jalaur River Basin 

 
 
 
 
 
 
 
 
 
 
The Jalaur River Basin spans 1,765 km2 of land 
in the provinces of Capiz, Antique, and Iloilo, the 
latter occupying the biggest extent. The basin is 
subdivided into 10 sub-basins comprising 26 
cities and municipalities in Iloilo, 2 in Capiz, and 
1 in Antique. There are four major tributaries 
namely Jalaur river, Lamunan river, Suague 
river, and Alibunan river. Jalaur river has an 
approximate length of 75 kilometers and it 
traverses 8 municipalities/cities before it drains to 
Guimaras strait. Modelled peak discharges with 
a probability of 1 in 100 years(m3/s) through the 
rivers are shown on the table below.  
 
The southern basin has two pronounced 
seasons. In the dry season from November to 
April, the average monthly rainfall is 307 
mm/month. During the wet months the average 
rainfall is 881 mm/month. In the northern part of 
the basin the distinction between the dry and wet 
seasons is not as pronounced. PAGASA’s 
climate projection for the years 2020 and 2050 
for the province of Iloilo signifies that hot seasons 
will be hotter and cold seasons will be colder. The 
increased likelihood of experiencing drought and 
heavy rainfall will further exacerbate the 
presently occurring environmental issues and 
problems as identified by the River Basin 
Coordinating Office (RBCO) of the Department of 
Environment and Natural Resources (DENR). 
 

 
 
 
 
 

Calculation Point P100

Upper Jalaur River 1,200    

Lamunan River 1,300    

Ulian River 1,600    

Middle Jalaur River 3,100    

Suague River 1,300    

Lower Jalur River 2,000    

Jalaur River Basin 
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The topography of the basin varies from mountain peaks and ranges rising to 1,728 m .a.s.l (Mt. 
Baloy) to flat rolling hills. The basin is primarily flat with an average slope of 2.3% and overflows 
into the flat neighboring basin (Jalaud) during flood events that discharge into the Iloilo Strait. This 
explains the relatively low discharge through the lower Jalaur river compared to upstream flows. 
 
There are around 779,068 inhabitants (per Census 2015), almost all in the province of Iloilo. The 
most populated urban areas are located along the Jalaur River and its major tributaries. Ethnic 
groups represent 7% of the population. The population is projected to increase to 1,256,219 
(+61.2%) by 2050 concentrating in the flood prone areas. Poverty incidence in the basin is slightly 
above the national average.  
 
The main economic activities are irrigated agriculture and fishery but also livestock and poultry, 
forestry, quarrying, tourism, trade and industry. To supply the agricultural water demand there are 
2 existing dams in the basin with 6 additional dams planned for construction. Several irrigation 
canals and drainages have also been constructed on the Jalaur and Suague rivers. The recent 
construction boom has also increased quarrying activities in the river causing an imbalance 
between sediments removed and the basin’s capacity to produce alluvial deposits. This contributes 
to a reduction in river meandering, and severe river incision and degradation exposing structure 
foundations, and causing eventual collapse of bridges and revetments. Improper practices for 
agriculture and quarrying are further reducing water quality. 
 
 
 
 
 
Deforestation is a big concern in the basin. Forest covers <15% of the basin area and mangrove 
forests in the coastal areas are lost to aquaculture. Little is known regarding the biodiversity in this 
basin. However, there are three known environmentally sensitive / protected areas in the basin, 
namely: 

• Bulabog-Putian National park (8.54 km2) east of the confluence of the Jalaur and Ulian 
river known for its caves laden with limestone rocks; 

• Jalaur River Watershed Forest Reserve (92.28 km2) along the upper Jalaur River; and 

• Maasin Watershed Forest Reserve (61.5 km2) south of the headwater of Suague river.  

 
 
 
 
 

1. Sustainable food production to support the requirement of Iloilo and Panay Island as a 
whole, with substantial surplus for nearby island provinces in the Visayas; 

2. Development of infrastructure resilient to climate change and natural hazards to support 
the economic growth of the area; and 

3. Development of an empowered community that will actively participate in the sustainable 
development and management of basin resources. 
 

 

 
 
The basin is situated in Panay island which is within the so-called typhoon belt. Tyhpoons Frank 
(2008), Quinta (2012) and Yolanda (2013) hit the Jalaur River Basin severely through riverine, 
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urban, inland and coastal flooding. From the 
data collected, more than 20 thousand 
establishments are likely to be affected in the 
event of flooding. Residential buildings and 
unidentified buildings, assumed to be 
residential, make up the largest proportion 
affected.  
 
Areas adjacent to the mountain ranges in the 
East have slopes of up to 50% making them 
vulnerable to landslides and flashfloods. 
 
 

 
There are 283,021 inhabitants in the upper basin. This area experiences flash floods and 
landslides due to steep slopes, in addition to riverine floods and urban drainage problems. Water 
accumulates at the confluence of the Ulian and Jalaur rivers where the river is constricted 
topographically, flooding the transportation hub of Passi city and other surrounding towns.  
 
Landslides occur at the headwaters of the rivers with steep slopes aggravated by deforestation 
increasing siltation in the rivers. The siltation affects water quality and attracts quarrying activities 
which further changes the river’s geomorphology causing erosion and river incision. 
   
The land is used primarily for agriculture and additional supply is needed to accommodate further 
development of this activity. Therefore, 6 dams are planned in the upper basin on the Jalaur, 
Alibunan and Ulian Rivers.  
 
 
 
 
There are 241,062 inhabitants in the middle basin. Urbanization is expected to rise leading to 
changes in natural drainage and land use. The most prominent land use is irrigated agriculture 
growing sugar cane and rice. Water for this activity is supplied by 2 dams on the Jalaur and Suague 
Rivers. In 2008, during Typhoon Frank, flow into the Moroboro Dam exceeded its capacity forcing 
officials to open its valves which aggravated flooding downstream. 
 
Flash floods, riverine flooding, urban flooding and landslides occur in the area. Numerous 
quarrying activities in this area cause scouring of structures and increase erosion. 
 
 
 
 
There are 254,985 inhabitants in the lower basin. Land is used primarily for irrigated agriculture 
and aquaculture near the river mouth. This area is extremely flat, making it vulnerable to riverine, 
urban, inland and coastal flooding. The flat topography hinders drainage and floods can last 
several days.  
 
During extreme events water overflows into the neighboring Jalaud basin. The water quality is low 
due to improper upstream practices and water stagnation because of poor drainage.  
 
A coastal dike and several revetments along the watercourse have been built to protect urban 
areas and prevent scouring. A by-pass shortening the river connection to the coast has also been 
constructed close to the river mouth to increase drainage.  
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3.7 Tagum – Libuganon 

 

 
 
 
 
 
 
 
 
 
The Tagum-Libuganon River Basin lies in the 
northern part of Davao region encompassing the 
provinces of Compostela Valley (5 municipalities), 
Davao del Norte (10 municipalities), Davao city in 
Region XI and Agusan del Sur province (1 
municipality) in Region XIII. 
 
The catchment area covers 3,119 km2 based on 
the most recent assessment of its administrative 
jurisdiction. This river basin is in turn part of the 
vast Agusan Valley which is hedged between two 
structural north-south trending mountain ranges, 
the Diwata on the East, and the Mindanao Central 
Cordillera on the West. This valley measures 180 
km from North to South and varies from 32 to 48 
km in width. The lower basin has relatively flat 
terrain with good soil quality for crop production as 
well as a presence of non-metallic minerals such 
as gravel, sand and limestone.          
           
There are four major tributaries namely Libuganon 
River, Saug River, Tagum River and Tuganay 
River, that collect and drain waters to Davao Gulf 
as the basin’s outlet. Historically this basin had 2 
main (Tagum River Outlet and Liguganon River 
Outlet) and 2 secondary outlets. Modelled peak 
discharges with a return period of 1 in 50 years 
(m3/s) through the rivers are shown on the table 
below. Rainfall is uniformly distributed throughout 
the year.  
 
Annual average rainfall is 7,537 mm which is 
projected to decrease by 6.62% in 2050. Average 
temperatures in the basin range from 25 to 26 oC and are projected to increase by 2.2oC in 2050.   

Elevation 
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There are around 824,155 inhabitants (per Census 
20150). Ethnic groups represent 10% of the 
population. With an average annual growth rate of 
2%, it is expected that the population will double in 
35 years, concentrated in the lower basin. The 
population influx will result to an increase in demand 
and competing use of land and resources as well as 
the encroachment on waterways. Currently the 
basin is situated within one of the poorest provinces 
of the country. 
 
The main activities in the basin are aquaculture, agriculture (banana, rice), agroforestry, trading 
and quarrying activities attracted by the rich material deposits. While there is a surplus of 4,109 m3 

of water based on 2030 projections, the quality of water available is vulnerable to contamination 
from domestic, commercial, and industrial waste. Furthermore, large volumes of sediment flow 
through the tributaries originating from: 

1. Sheet and rill erosion from cultivated upland farms mostly located in upper watersheds; 

2. Erosion resulting from the clearing of forested areas on steep slopes usually implementing 
slash and burn practices; 

3. Erosion from gully headcutting of cultivated uplands and terraces, landslides and sloughing 
of vertical stream bank encampments; 

4. Stream channel degradation; 

5. Stream bank erosion due to high velocities of peak flows; and 
6. Erosion of roads and trails.  

 

 

 
 
 
The basin has a diverse native ecosystem with seven (7) falls and springs, three (3) lakes, four (4) 
caves and four (4) mountains. There is presence of 35 species of fauna; 80 species of flora; 20 
species of mangroves; 9 species of seagrasses; and 12 species of seaweeds within the basin. 
Among them, there are 7 endangered species in the basin (owl, hornbill, quail, monkey, wild pig, 
flying lemur and monitor lizard), six (6) threatened species (freshwater crab, eel, hawk, tikling-rail, 
flying lizard and Philippine king cobra), and three (3) rare species (civet cat, king fisher and 
Philippine oriole).  
 
The remaining natural forest cover of basin is 819 km2 (26% of basin area), concentrated in 
Kapalong and Talaingod in the middle and upper basins at >50% slopes and within the Pantoron 
Mountain range bordering the East of the basin. Other parts of the basin are reforested for timber 
production, degraded to grassland due to kaingin practices or converted for agricultural use. The 
trees occupying these forests include red and white lauan, almon, bagtikan, yakal, narra, almaciga, 
ulayan, lanutan, molave and other dipterocarps. Most of these trees are already critically 
endangered while narra has been categorized as seriously threatened species. The coastal area 

Calculation Point P50

Upper Tuganay 320   

Lower Tuganay 100   

Upper Libuganon 760   

Middle Libuganon 520   

Lower Tagum-Libuganon 600   

Upper Saug 600   

Lower Saug 380   
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of the basin hosts a further 2 km2 of mangroves at the river mouth, 0.2 km2 for seagrass and 1 km2 
for the coral reefs. 
 
The basin outlet, Davao Gulf, with 412 km2 of reef formation, is a major fishing ground and 
considered one of the most diverse marine ecosystems in the world according to the World Wildlife 
Fund (WWF). However, due to improper upstream practices the coastal water is contaminated with 
high lead, fecal and total coliform values putting the reefs under severe stress with the presence 
of turtles and whales in decline. 
 
 
River Basin Goals: 

 
1. To protect and manage the remaining natural forest cover; 

2. To facilitate the rehabilitation of around 14089 km2 brushland/grassland/cultivated area 
through reforestation agroforestry and assisted natural regeneration; and 

3. To prevent or reduce soil erosion, pollution of rivers and creeks and other 

water bodies. 

 
 

 
The basin lies in a seismically active zone. Fault lines 
are present in the upper basin and landslides are 
frequent in the upper basin with steep slopes and 
along the Compostella valley (east of the basin.) 
 
During the monsoon season, the basin frequently 
floods. Furthermore, although outside of the typical 
typhoon path, this area may be hit by typhoons such 
as Pablo in 2012 and Zoraida in 2013, adding to the 
occurrence of flooding. Other factors contribute to the 
flood hazard, such as improper land use, change in 
river morphology (either naturally or man-induced from quarrying activities), 
and presence of structures and communities in flood prone areas, including 
current solid waste management practices that block river drainage channels.  
 
 

 
 
The upper basin consists of the upstream Libuganon 
sub-watershed. The only protected forests are within 
the upper basin.  The Pantaron mountain range 
borders the West of the upper basin which rises to 
over 1,000 m. a.s.l sloping >50%, making this area 
highly susceptible to landslides. Frequent landslides 
indicate poor soil condition and low crop productivity 
resulting in reduced income of farmers.  
 
The tributaries are dammed (Mabantao Dam and 
Mamacao Kipaliko Dam) to supply the rice fields found 
in the Municipality of Kapalong.  The river floods in this 
area. However, there is little impacted population or 
infrastructure although flood levels of 5 m have been 
recorded at Florida, Kapalong.  
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The middle basin consists of the middle Libuganon and Saug sub-watersheds. Most of the land in 
the East has been converted to agricultural lands or is used for agro-forestry. Towards the West, 
land is used for timber production. 
 
Flooding occurs at the confluence of the two rivers, exacerbated by bridges downstream 
constricting flow. The municipalities of Asuncion and New Corella in the Saug River basin are 
hotspots for flooding. These municipalities depend on this river for irrigation of major banana 
plantations as well as for recreation and tourism due to its crystal-clear waters. Quarrying activities 
are common and artificially change the geomorphology of the basin. Both factors of quarrying and 
flooding combined may be leading to enhanced erosion and bed incision. Earthquake-induced 
landslides are also frequent in the East due to fault lines along the Compostella valley. 
 
 
 
 
The lower basin consists of the lower Libuganon and Tagunay sub-watershed. Recent alluvial 
deposits (clay, loam, silt) predominant in the lower valley and its flat topography make it suitable 
for agriculture which is the primary land use. To support agriculture, natural rivers have been 
converted to irrigation canals.  Dikes are constructed along the main river and tributaries speed up 
the river flows leading to erosion and bed incision exposing bridge foundations (Pagsabangan, 
San Miguel and Governor Miranda Bridge).  
 
The bridges constructed are further prone to blockages by floating debris jamming drainage and 
flooding adjacent lands of up to 3-4 m. The highway itself connecting Davao and Tagum which 
cuts across the rivers functions as a dike restricting surface runoff drainage. Furthermore, the flat 
topography slows flows down to ensure more retention and little drainage causing floods in the 
area. The decrease in speed deposits sand and gravel that attract quarrying activities particularly 
in the downstream Libuganon river.   
 
The Tagunay river has been included in the basin due to a cut-off channel connecting it to the 
Tagum-Libuganon river. However, the capacity discharged by the cut-off was underestimated and 
the river often floods into an adjacent settlement, Carmen.  A wall was constructed along the road 
from the West towards Carmen city to protect the Alejal Settlement from flooding. However, this 
wall intercepts runoff from areas of the Tagunay basin and funnels it into Carmen exacerbating the 
flooding problem in the city. 
 
The ancient Delta had 4 outlets but fishponds have occupied these lands reducing the number of 
outlets. The concentration of all flows into one single outlet causes saturation in the downstream 
plain causing floods at the confluence of the main river tributaries.  
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4 Abra – Sediment for a natural river  

4.1 Description of main problems 

4.1.1 Upstream 
Steep slopes and deforestation cause frequent occurrence of floods and landslides during the rainy 
season. However, risk is low in this area as population is scarce (see Figure 4.1). Nevertheless, 
there are several indigenous communities that have indicated their interest in NbS (IPIF Output 2 
Consultants, 2019). NbS in this area should focus on reduction of vulnerability of communities to 
hazards. Reduction of landslides can be done by reforestation and terracing, and for communities 
that are in flood prone areas, lifting or reallocating houses may be a feasible intervention. Measures 
can also be implemented upstream to flatten discharge peaks in the mid and lower basin. These 
measures include natural retention areas, reforestation and conservation of natural areas.  
 

 
Figure 4.1: Population distribution in the basin (IPIF Output 2 Consultants, 20 19). 

4.1.2 Midstream 
Overbank flooding affects 7,700 inhabitants and 5,570 ha of agricultural lands in the midstream 
section of Abra river (in case of a flood event of 1/100 years). Barangay Bangued, the second 
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largest settlement in the basin, is a hotspot for flooding, which affects residents and agricultural 
lands. Bank erosion (see Figure 4.2) is also a serious problem in the basin because of the river’s 
significant lateral displacement and constantly evolving braided channels. Communities, such as 
Barangay Bangcagan, that have settled in between the braided channels, are extremely vulnerable 
to erosion and flooding. Furthermore, agricultural lands and vital bridges on the flat flood plain at 
the confluence of the Tineg and Abra river are vulnerable to wandering channels and scouring/bed 
incision. Quarrying activities are common in this part of the basin and artificially change the 
geomorphology of the basin, possibly exacerbating flooding and erosion hazards. Earlier 
investments focused on construction of dikes and revetments to protect infrastructure and 
agricultural areas. Examples are dikes in Pidigan and Bucay, a cut-off channel in Bangued, timber 
pile hurdles in Tayum and Dolores, spur dikes in Dolores, Lagangilang, Lapaz and Tayum, and 
revetments in Lagangilang. However, the risks of flooding and erosion in the area persist, and the 
large forces of the river, and the displacement of large stones and rocks, causes damage and 
failure of flood and erosion control infrastructure.  
 

 
Figure 4.2: Examples of (river bank) erosion in the Abra  basin (IPIF Output 2 Consultants, 

2019). 

 
Possible NbS should aim at providing room for the river to accommodate natural river meandering, 
braiding and channel movement, and to allow the river to overflow onto the floodplains during peak 
flows. This involves removing or setting-back obstacles such as dike and levee infrastructure. The 
vulnerability of assets, either existing or as a result of creating more room for the river, can be 
reduced by implementing building codes and the resettlement of vulnerable communities. By 
allowing the river to naturally meander which slows down river flow, the carrying capacity of the 
river is reduced thereby possibly reducing soil erosion risks of settlements and assets directly 
downstream. Another intervention to slow down water flow and flatten peak discharge to reduce 
flood hazard, is to create natural retention areas. However, considering the high flow speeds in 
this river, this measure will have little effect. Finally, smart quarrying practices, which involves 
quarrying at strategic areas by either the private sector, the government or local communities, can 
be implemented at targeted locations so-as to divert river channels away from vulnerable assets. 
This may create a win-win by keeping river morphology healthy, avoiding erosion damage to 
assets, and providing a source of sediment and rocks.  

4.1.3 Downstream 
Most villages in the lower basin are densely populated and flood prone due to the flat topography 
(i.e. the municipalities of Bantay, Caoayan and Vigan City). Flooding occurs with local rains but is 
worsened by high tidal levels. The river mouth is dynamic and erosion along banks is common as 
the area is composed entirely of alluvial deposits. 
  
There is evidence that the river passed through the historic city of Vigan in the past and it is 
possible that the river may start to migrate north towards the city. Several staggered revetment 
structures have been constructed to protect settlements and agricultural areas on both sides of the 
river mouth, and to protect a gravel mining location on the river. These structures cut off streams 
that discharge flow to the sea essentially focusing flow into one river outlet. The nature-based 
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strategy in the downstream part of the river should focus on allowing for natural movement of the 
river mouth. This may involve removing or setting-back obstacles such as constructed revetments. 
To reduce flood hazards in settlements along the river, old streams can be reconnected, which 
have been cut-off by revetments or roads, to distribute flow across several outlets. The vulnerability 
of assets can be reduced by implementing building codes, zoning and resettlement. Midstream 
measures to reduce downstream peaks are less effective here as the river passes through a 
narrow gorge before entering the coastal plain.  
 

 
Figure 4.3: Flood depth in the Abra river basin for a 50 -year return period. 

4.2 Selection of hotspots 

In Abra river most government measures focus on the midsection where there are several 
communities and agricultural lands that are exposed to flooding and erosion. Upstream areas are 
sparsely populated and measures being proposed for IFRMSP are mainly non-structural. 
Downstream measures that reduce river flooding are potentially effective but flooding in Vigan city 
is also largely caused by the sea and storm water. Hence a more comprehensive study is needed 
to make a good assessment of flood risk management in Vigan city. The most sensible 
downstream measure is to not fixate the river mouth and the islands downstream, which is already 
embedded in the current master plan. For the midsection between Tagum, Bangued and Pidigan, 
the main problems are erosion of river banks and agricultural area. Until now this is only addressed 
with hard measures. Therefore, the following sections give advice on how quarrying can be used 
to reduce the costs of hard measures. 

4.3 Exploration of possible NbS 

For the midsection between Tayum, Bangue and Pidigan the following general guidelines were 
identified: (1) keep meander away from Bangued (loop as large as possible), (2) do not increase 
velocities at Pidigan (the flow currently impinges on the bank), and (3) cut off the loop at Pidigan. 
Quarrying is happening in several areas. Quarrying licenses are generally given for every 200 
meters and the amount of extracted sediment is generally not measured. Locations of quarrying 
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are determined by accessibility, hence close to banks and the bridge. Equipment is limited, but 
there are speculations about a dredger donated by a foreign corporation. There is no road on the 
right bank. Structural measures are proposed in this section. There are concerns that two of these 
measures may lead to unforeseen and undesirable effects. The spur dike close to Bangued is 
meant to divert the main channel but may cause scour that will attract the channel and shorten the 
flow path of the river. A revetment to protect agricultural land near Pidigan seems slightly 
superfluous and may result in decreasing roughness and thereby speeding up flows during peak 
discharges. Other considerations are that the midsection now shows a rather undisturbed system 
with a main channel that moves and, in certain periods and certain river sections, splits in two or 
three main channels. Hard measures may disturb natural channel migration and natural river 
behavior. Hydrodynamic modelling is carried out using 1D-2D HEC-RAS. Water level variations 
between dry season and floods amount to 5 m. Flow velocities during floods are on average on 
the order of 2 m/s and can locally reach 5 m/s. Bed material consists of gravel and coarse sand. 
The bank at Pidigan is a high erosion-resistant bluff, with nonetheless some short groynes.  
 
 
Box 4.2: Overview of the main issues in the basin, impact of proposed NbS and co-

benefits.  

 

Impact of NbS 
 

Main issues in the basin 
Overbank flooding 
- Affects 5,570 hectares of agricultural land, which reduces agricultural 
production and subsequently income and subsistence for the local population 
- Affects approx. 7,700 inhabitants 
 
Lateral bank erosion and river mobility 
- Disappearance of cultivated land 
- Destruction of homes along the river bank 
- Destruction of weak/old flood protection structures 
 
Other issues mentioned in stakeholder consultations (IPIF Output 2 
consultants, 2019) were deforestation and solid waste management. 
 
Impact of proposed NbS on issues in the basin 
A smart quarrying strategy can reduce overbank flooding and especially lateral 
bank erosion in the basin. This is expected to positively affect the livelihood and 
lives of thousands of people. When the local community will play an important 
role in quarrying of the river bed, deforestation might decrease, as slash and 
burn vegetation might not be needed in a lesser extent to sustain the living of 
people.  
 
Co-benefits 

- Increase in agricultural production, improving livelihoods of 
households 

- Improved transportation over water 
- Improved job opportunity and subsequently livelihood 
- Less disturbance of the river ecosystem 
- Low investment costs  
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4.4 Input for feasibility study  

• Quarrying can be used to facilitate desired morphological river development by indicating 
smart quarrying locations 

• Investing in temporary roads (e.g. Bailey bridges) in the river bed might help in moving 
from uncontrolled quarrying to smart quarrying 

• Dumping (part of the) sediment at other locations can help desirable development of river 
morphology in an adaptive manner 

• Quarrying activities should be accompanied by a monitoring program. To be monitored: 
river bed topography; water levels at gauge stations (along with annual calibration of their 
stage-discharge relationships). A long-term monitoring program on water levels will shed 
light on amount of quarried sediment (through specific-gauge analysis) but also on 
hydrological changes  

• Mining companies that are owned by the municipality (such as in Cervantes) may limit 
overexploitation of river resources and bring quarrying benefits directly to communal goods 
and infrastructure (instead of private quarrying that often generates private wins, while 
causing community losses by damage to public infrastructure, such as bridges) 

4.5 Input for community questionnaire 

• Explore with stakeholders how they can be involved in regular quarrying 
• Check with stakeholders if there are opportunities or barriers for setting up a municipality 

owned quarrying company 
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5 Buayan – Malungon – Identification of co-benefits and 
exploration of NbS  

The Buayan-Malungon river basin is selected as one of the river basins that could serve as an 
example for NbS implementation. The basin is located on the south-eastern part of Mindanao, 
inhabits approx. 430,000 people and has a relatively low natural status, mainly due to quarrying 
activities. The IPIF Output 2 consultant proposes room for the river measures in -especially- the 
downstream area of the basin. This chapter applies the stepwise approach, which has been 
described in chapter 2 of this report, starting with a short description of the objective and main 
problems, followed by selection of a hotspot and exploration of possible NbS. As this consultancy 
aims to provide input for the river basin master plan and feasibility study, in the last section, tailor-
made advice is given based on discussions with the IPIF Output 2 consultant.  

5.1 Description of main problems and risks 

Flood damage reduction is the main aim of the assignment and one of the biggest issues in the 
basin. The current expected annual flood damage in the basin is approx. $22.6 million (PhP1,100 
Million) a year, posing a serious risk to approx. 39,000 individuals (IPIF Output 2 Consultant, 2020). 
Other risks mentioned in the master plan are storm surges, earthquakes and related tsunamis, 
coastal erosion, pollution from sewage, solid waste and agricultural pesticides, and health issues 
related to stagnant waters. In the integrated river basin management and development master 
plan of 2014 developed by the DENR, the River Basin Control Office (RBCO, 2020) mentioned 
additional issues, including droughts, ecosystem degradation, threatened wetland biodiversity, and 
social issues, such as poverty, inadequate access to basic services, inefficient use of natural 
resources and social conflicts (DENR-RBCO, 2014). Some problems are specific for part of the 
basin; therefore, the location specific issues will be shortly described. 

5.1.1 Upstream 
The upstream part has scattered villages over the basin. Although largest in surface area, it 
inhabits the least number of people compared to the midstream and downstream part. The main 
problems are related to flash floods and landslides aggravated by strong deforestation, depositing 
large amounts of sediment in the river networks. There is one environmentally protected area 
(Matumtum Protected Landscape) and one tribe of Indigenous Peoples (IPs), B’laan tribe, located 
in the upper east part of the basin (IPIF Output 2 Consultant, 2020). 

5.1.2 Midstream 
The midstream part comprises the middle course of the Buayan River as well as the largest part 
of the Malungon River and minor creeks on the southwest of the basin. River slopes become more 
gradual and water velocities decrease. This area has a population of around 100,000 inhabitants 
concentrated in areas, such as the Malungon municipality. Agriculture is one of the most prominent 
land use type, with banana and pineapple plantations as two of the main agricultural crops. There 
are two main flood hotspots: Kiblat Brgy. and Malandag Brgy. Furthermore, the morpho-dynamics 
in the midstream area are affected by quarrying activities. River bank erosion, especially in large 
meanders, is another large concern (IPIF Output 2 Consultant, 2020).  

5.1.3 Downstream 
The downstream part is the flattest and most populated area, accommodating approx. 150,000 
inhabitants along the river and a multitude of inhabitants in General Santos City. The area has the 
highest flood risk of the basin.  

The floods are mainly concentrated in the river mouth and the confluence of the Buayan and 
Maribulan rivers. High discharges can cause floods lasting up to 6 hours in Brgy. Buayan and Brgy. 
Baluntay. Existing infrastructure further exacerbates flooding. Such as the Old Buayan Bridge 
downstream and new Buayan bridge upstream that constrict the river flow causing flooding directly 



 

 

   

11204073-002-ZWS-0001, September, 2020 

   

51 
 
Nature-based solutions in Philippine river basins 

upstream of the bridges. Staggered revetment structures are present along the rivers to protect 
agricultural lands and built-up areas including the Rajah Buayan Air Base to the west of the river 
mouth. There are also waterlogging problems due to a lack of drainage in the region of the Mharlika 
highway and Sarangani-Davao del Sur coastal road. Like the midstream area, erosion in big 
meanders and quarrying are some major problems. The river bank erosion directly threats villages 
along the river.  

5.2 Selection of hotspots 

Hotspot areas in the basin are identified based on the problem and risk assessment, of which 
section 5.1 provides a summary. The current state assessment part of the Masterplan (IPIF Output 
2 Consultant, 2020) offers considerable insight in the main problems and risks. The downstream 
area could be identified as area most at risk, based on the combination of hazards, such as river 
and coastal flooding, waterlogging and erosion, and the high exposed population and assets.  
 

 
Figure 5.1: No flooding, Low flood hazard 

(green): Severe flood hazard lower than 1 

in 100 per year, nuisance flooding til l 50 

cm can occur, Intermediate flood hazard 

(light red): nuisance flooding til l 50 cm 1 

in 25 per year and severe flooding over 50 

cm 1 in 100 per year, High flood hazard 

(dark red): Severe flooding more often 

than 1 in 25 per year. 

 
 
In order to provide more insight in distribution of the expected annual damage (EAD), the Delft-
FIAT accelerator tool has been applied (Deltares, not yet published). The tool uses open data on 
population (ESA, 2019) and the Philippines flood depth-damage functions (Huizinga et al, 2017) 
to calculate EAD.  
 
Flood hazard maps have been made based on elevation-based flood extents (from: https://lipad-
fmc.dream.upd.edu.ph/) and meandering data (from: https://aqua-monitor.appspot.com/) (see 
Figure 5.1 for the result). The damage function includes damages to houses and household 
content as well as damage due to outages of businesses and industries. The estimated expected 
annual damage for the downstream part of the Buayan - Malungon river basin is $9 million, ranging 
from $13 million for a 1/5 per year event to $82 million for a 1/100 per year event. In 2050 the 
expected annual damage can rise to $23 million under a low socio-economic scenario, whereas 

Figure 5.2: Built-up areas in the 

midstream and downstream 

basin that will face flood 

damage.  

https://lipad-fmc.dream.upd.edu.ph/
https://lipad-fmc.dream.upd.edu.ph/
https://aqua-monitor.appspot.com/
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the damage can rise to $55 million under a high scenario. Note that coastal flooding and therefore 
coincidence of riverine and coastal flooding is not part of the flood hazard categories.  
 
The distribution of annual expected damage over the downstream (and partly midstream) area is 
depicted in Table 5.1. The locations with the numbers 1-10 are situated in the midstream and 
northern part of the downstream basin (see Figure 5.2), whereas locations 11-20 are located 
further downstream. The highest expected annual damage is projected around the airport of 
General Santos City, followed by the area at the river mouth and the area at the confluence of the 
Buayan and Maribulan rivers. From a flood risk perspective, these areas can therefore be qualified 
as hotspot areas. See Figure 5.3 for the location of the selected hotspot area. The expected annual 
damage includes damage to houses, household content, and outages of businesses and 
industries.  
 
Table 5.1: Expected annual damage for different locations in the downstream part of 

the Buayan – Malungon river basin, see for the location of the areas Figure 4.2. The 

expected annual damage is based on river flooding and considers damage to houses, 

household content and outages of businesses and industries.  

Area Id Damage 5y (USD) Damage 25y (USD) Damage 100y (USD) 

EAD no reduction 

(USD/y) 

0 265,618  1,035,828  5,117,096  247,580  

1 102,260  258,648  436,720  43,670  

2 16,697  65,651  97,707  10,015  

3 204,089  272,301  325,788  50,340  

4 184,801  485,850  880,295  82,947  

5 64,535  315,849  832,705  55,986  

6 229,197  352,765  490,395  64,108  

7 51,657  167,521  315,094  27,924  

8 387,036  901,651  954,468  140,481  

9 44,985  128,282  241,417  21,821  

10 76,496  284,219  482,690  45,188  

11 13,661  138,427  707,583  31,933  

12 146,606  302,242  435,357  51,325  

13 436,548  2,642,831  3,875,570  382,882  

14 689,687  2,355,217  2,634,496  344,783  

15 3,293,552  3,767,602  3,852,106  717,709  

16 19,332  27,279  36,344  5,047  

17 195,748  894,088  3,003,682  175,690  

18 1,216,861  1,727,671  2,451,750  322,771  

19 2,888,187  5,071,520  6,446,573  874,014  

20 2,834,361  41,097,395  48,634,550  5,346,865  
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Figure 5.3: Selected hotspot area in the Buayan-Malungon river basin. 

 
Consideration of the vulnerability of the population and assets at risk is essential in the selection 
of hotspot areas. The flood damage assessment only shows the damage to assets, whereas the 
impact on the livelihood of people and the financial ability of people to recover is also an essential 
element of the risk assessment. Although these aspects could not be considered in this analysis, 
the recommendation is to take them into account when assessing the impacts of NbS and other 
measures.  

5.3 Exploration of possible NbS 

Step 4 of the stepwise approach, exploration and preliminary selection of NbS, provides guidance 
in the selection of NbS. The main advice is to first assess all possibilities to retard flood peaks and 
store flood waters upstream of the hotspot area, before exploring solutions in and downstream of 
the hotspot area. Evaluating measures that have been implemented in previous years can also 
help in selecting new measures.  

5.3.1 Upstream and midstream NbS 
In the upper and middle section, the slope of the river is relatively steep and there is little room 
available for measures in the flood plain, which is partly due to the large number of small villages 
located in or just besides the flood plain. NbS, such as reconnection of flood plains, widening of 
channels and restoration of wetlands, might be possible on a small scale, but are expected to not 
sufficiently reduce the peak flow in the downstream area. Non-structural measures, such as land 
use management and reforestation, are expected to reduce the peak flow and are therefore highly 
recommended.  
 
As the flood risk cannot be sufficiently reduced with measures upstream of the hotspot area, also 
measures at the hotspot area are explored. The IPIF Output 2 consultant already proposed a list 
of measures to reduce the flood risk in the hotspot area, which will therefore be evaluated. 
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5.3.2 Proposed downstream strategies BMRB Master plan 
The Buayan-Malungon river basin flood risk management master plan contains two strategies for 
the downstream area, both are a combination of grey, nature-based and non-structural measures. 
Amongst others, the strategies comprise demolition of the Old Buayan bridge and of a dike, 
construction of jetties on each side of the Buayan river, improvement of drainage and 
restoration/planting of mangroves (see Table 5.2). The unique features of strategy 1 are the 
construction of a natural by-pass and protection of the Barangays most at risk, whereas strategy 
2 resettles these communities and elevates the road. Both strategies have elements of a room for 
the river strategy. For example, more room will be created by the demolition of the dikes and 
bridges, whereas the permeabilization of the new Buayan bridge reduces the number of obstacles 
in the river. The by-pass reduces the pressure on the confluence of the Buayan and Maribulan 
river, reducing flooding in that area. Another type of nature-based solution is the restoration of 
mangrove forests’, which is mainly meant to reduce the impact of coastal flooding. Aside of the 
proposed NbS, both strategies include grey infrastructural measures, such as the construction of 
dikes and jetties. 
 
Table 5.2: Measures part of the 2 strategies proposed in the lowe r basin of the Buayan 

– Malungan river. 

 

 
 

Common measures 

Demolition of the dikes along the right bank of the Buayan river  

Natural embankment along the right bank of the second terrace of the Buayan River  

Demolition of the Old Buayan Bridge  

Reconstruction of the Buayan Bridge groundsill  

Coastal gabions walls in Barangay Maribulan, a small coastal s ettlement close to the 

fishponds (LGU Alabel)  

Construction of an earthen dike along the right bank of the Buayan river mouth  

Construction of structures to lower water velocities in Brgys . Buayan/Baluntay 

Enhancement of the hydraulic capacity of the Balu an Creek to improve drainage in the 

Sarangani Davao del Sur coastal road  

Construction of structures to lower water velocities in Brgy . Ligaya 

Study of the drainage system of Brgy . Buayan 

Restoration/planting of mangroves and wetland conservation  

Jetties on each side of the Buayan river mouth  

Strategy 1 Strategy 2 

Construction of a dike along the 

Maribulan river until the Batod bridge  

Permeabilization of the New Buayan Bridge 

along both the left and right bank of the 

Buayan river 

Construction of a perimeter dike around 

Brgy. Baluntay 

Elevation of the Sarangani Davao del Sur 

coastal road in the surroundings of the 

Buayan River 

Permeabilization of the new Buayan 

bridge on its right side  
Riverbank protection in Maribulan meander  

Construction of a new natural by-pass 

from the meander of the Maribulan River 

to the Buayan River mouth 

Resettlement in Brgys. Baluntay and 

Maribulan 

Construction of a new bridge crossing 

the new natural by-pass 
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Figure 5.4: Impact of proposed strategies on inundation depths (source: IPIF Output 2 

Consultant, 2020). 

5.3.3 Recommendations NbS in the downstream basin 
Strategy 1 in the lower basin includes, amongst others, construction of a new by-pass (red curve 
line) from the meander of the Maribulan river (by-passing the Buayan bridge), and construction of 
a new bridge crossing the new by-pass (see Figure 5.5).  
 

 
Figure 5.5: Lower basin of the BMRB with the medium to high flood susceptibility areas 

(dark blue) and meanders of the Buayan-Malungon and Maribulan rivers.  Red-

encircled areas are medium to high flood susceptible  build-up areas; Yellow-

encircled areas are low flood susceptible build -up areas. 
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Construction of a bridge along Sarangani – Davao del Sur Coastal Road is not required if the 
bypass is shortened to approximately 540 meters (yellow line in the image below), which will save 
money and prevents a potential obstacle in the system. However, further study is needed to 
determine whether this intervention reduces the problem at the confluence sufficiently.  
 
The river has a downward slope before the Barangay - Baluntay Road (that ends at the Sarangani-
Davao del Sur Coastal Road). Maintenance of the original meander could help to reduce the 
velocity. Although the retention volume will not be enough to significantly reduce the peak flow, the 
meander could be used to construct a retarding basin of approximately 12 hectares, which could 
serve as a wetland and spawning ground for fish. Together with other measures, this retention 
area could support the reduction of the peak flow. 
 
Quarrying is currently seen as a problem, as it disturbs the morpho-dynamics of the river, affecting 
sedimentation and river bank erosion. However, controlled quarrying can also be part of the 
solution, as it can be a way to widen or train the river to a certain direction without large investments 
in embankments or other grey infrastructure. Nevertheless, there are certain requirements to make 
this a success, including a good sediment management or quarrying plan, and a control 
mechanism, potentially including legal enforcement. In the downstream area of the Buayan – 
Malungon basin, more room for the river could be created by quarrying the river bars after the 
Buayan bridge and the bars along the Maribulan river (after the Barangay Baluntay Road). These 
locations could be part of this wider sediment management plan, in which quarrying locations are 
appointed. However, the impact on the morphology should be first explored, as these measures 
can affect erosion and sedimentation rates.  
 
Furthermore, the by-pass could be designed in such a way that it facilitates a habitat for many 
species. The natural dynamic between fresh and salt water, and the proximity of the Sarangani 
Protected seascape, provides the conditions to build a biodiverse ecosystem. Furthermore, there 
is potential to explore the possibility to develop a recreational attractive wetland area or wildlife 
sanctuary in the by-pass, potentially re-introducing the critically endangered Philippine crocodile. 
 
Both strategies propose jetties at the Buayan river mouth. These jetties might negatively affect the 
nearby mangroves due to a change in (fresh) waterflow, and erosion and sedimentation patterns. 
Part of the mangroves will probably experience more sedimentation, resulting in less inundation, 
whereas other parts will face more erosion (and less sediment transport) leading to higher 
inundation depths. This will make the circumstances less favorable for the mangroves to thrive. 
Furthermore, the jetties will influence the fishing dock areas located next to the river mouth, which 
makes it very important to consult the local fishing communities on this strategy (Figure 5.6). 
Satellite images between 2003 and 2020 show that the current conditions are favourable for 
mangroves (Figure 5.7). For further reduction of erosion and flooding of the coastal communities, 
the expansion of the mangrove forest will be a more favourable strategy than constructing jetties.  
 
 



 

 

   

11204073-002-ZWS-0001, September, 2020 

   

57 
 
Nature-based solutions in Philippine river basins 

 
Figure 5.6 Google Earth Street view of the coast next to the Buayan river mouth, 

indicating a mixed sandy substrate . 

  

 

 

 

 

 

 

 

 

 

 

 
 

5.3.4 Effectiveness of proposed measures affected by river morpho-dynamics 
The lower basin of Buayan, Malungon and Maribulan rivers in most parts are largely braided with 
multiple mid-channel, point- and mouth bars. The effectiveness of the construction of structures 
that lower water velocities in Brgy Buayan, Baluntay and Ligaya, as well as the gabion walls, can 
be affected by the micro-scale dynamics of the river.  
 

Figure 5.7: The Buayan river mouth in 2003 (upper left), the Buayan river mouth in 

2020 (upper right) including mangrove forest and the proposed jetties (lower 

middle). 
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A review of Google Earth images of the area shows that several measures of various sizes and 
scale have been implemented in different parts of the rivers of the Buayan-Malungon river basin. 
Some have failed and others have succeeded. Two of these past interventions are analyzed in 
Textbox 5.1 and 5.2. The first is a re-channeling intervention along the Buayan river (Latitude: 
6.134115°; Longitude: 125.234476°) and the second, the construction of a spur dike along the 
Buayan river (Latitude: 6.135756°; Longitude: 125.235430°). The first example shows a reduction 
of the problem, the river moved away from the settlement, however it is unclear what the role of 
the re-channeling exactly was. The artificial channel and spur dike part of the second intervention 
did not serve its purpose. Four years after the measure was executed, the river eroded part of the 
agricultural land and threatened the piggery complex. This shows the importance of exploring the 
micro-scale dynamics and morphology of the river to assess the impact of measures. Furthermore, 
evaluation of past projects can provide more insight in the impact of future river channel protection, 
re-channeling and/or re-meandering.  
 
Textbox 5.1: Example of re-channelling in the Buayan river, using google earth images.  
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This area in the Lower Basin is 
considered as high flood 
susceptibility. In 2003 the river 
channel edge was about 150 m 
away from the settlement, 
which changed over the years 
as shown in the succeeding 
images. 
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 In 2016 a re-channeling of the 
river was executed. Based on a 
review of latter images in 2016, 
the channel seems to have 
failed to contain the river flow at 
the left bank. In this image the 
edge of the channel is already 
located very close to the 
settlement, from about 150 m in 
2003 to just about 5 meters of 
the settlement road. The re-
channeling in combination with 
the collection of aggregated 
could have been a low-cost 
attempt to reduce the problem, 
which becomes visible by 
zooming into the google earth 
image.   
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In year 2020, the meander of 
the river has changed 
significantly from previous 
years. The left bank of the river 
further eroded. The re-
channeling done in 2016 is no 
longer visible. Verification is 
needed to assess the 
effectiveness of the re-
channeling.  
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Textbox 5.2: Construction of an artificial channel to protect the river bank, using Google 

earth images. 
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In this image, the river channel 
erodes the bank close to a 
commercial pig farm. A spur 
dike was constructed in 2015. 
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In 2016, an artificial channel 
was carved on the river 
(overlayed with yellow box). 
The reason for the construction 
of this river training work could 
be the reduction of erosion of 
the right bank to protect crops 
and perennials. Also, a spur 
dike was built to protect erosion 
at the left bank, which 
threatened the piggery 
complex.  

F
e

b
ru

a
ry

 9
, 
2

0
2
0
 

 

The artificial channel and spur 
dike are barely visible by 
February 2020. The artificial 
channel may have been 
intended to change the river 
course to protect the cultivation 
in the right bank. However, it 
appears that is has not served 
its purpose. The cultivation area 
on the right bank was reduced. 
The edge of the river almost 
affects the first building of the 
commercial piggery.  
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5.4 Input for feasibility study phase 

The Master Plan for the Buayan Malungon river basin comprises two strategies, both include a mix 
of grey, nature-based and non-structural solutions. In order to be able to compare the strategies, 
the IPIF Output 2 team has conducted a multi-criteria analysis, including criteria as costs, reduction 
in expected annual damage and non-monetized indicators such as protected population and social 
resettlement acceptability. Based on these results the second strategy, containing room for the 
river and resettlement measures, is preferred above the first strategy. The difference between the 
results of the two strategies is small, as such no clear conclusive outcome could be drawn, and 
yet no final strategy was selected.  
 
The NbS consultant aims to provide additional decision-making information to support the selection 
of the strategy. Especially for NbS, it is essential that the multitude of (small) benefits is included 
in the analysis. Only then a fair comparison can be made between NbS and grey solutions, as the 
latter are mostly designed to serve one goal and therefore have a smaller variation in impacts and 
benefits. The NbS consultant listed additional effects and benefits of the strategies and made an 
alternative multi-criteria analysis to explore the impact of additional indicators on the result. 
Furthermore, guidance is given on the quantification and monetization of effects other than 
reduction of flood damage for the feasibility study phase.  

5.4.1 Multi-criteria analysis of two Buayan strategies 
A multi-criteria analysis and cost-benefit analysis are tools to make well-informed decisions. In the 
master plan phase these tools help to select a strategy that will be further elaborated in the 
feasibility phase. As these analyses support prioritization of measures, the full range of impacts 
should be included to not take decisions that have unexpected or unaccounted impacts. For 
example, if a decision is only based on a limited number of indicators, such as reduction in 
expected annual damage and costs, solutions that have a lower reduction in damage, but a very 
positive impact on health and biodiversity will be excluded from the analysis. 
 
The indicators and weights defined as part of the multi-criteria analysis of the IPIF Output 2 team 
are not tailor-made but were developed and used for all river basins to be able to compare 
strategies between basins. The selected indicators in the MCA show that the analysis mainly 
focuses on implementation feasibility and flood risk benefits and erosion related to flooding, which 
was expected considering the objective of the study. Other positive and negative effects, such as 
impacts on health, were not or in a lesser extent included in the MCA.  
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Textbox 5.3: Observations of the NbS consultant on the MCA of the Buayan –  Malungon 

river basin. 

Observations 
Aside of the inclusion of effects other than flooding, we have some other observations 
regarding the MCA.  
1. Strategy composition. The impact of individual measures within the strategies might 
differ: Some are costly with little benefits, whereas others are less costly and have high 
benefits. Combining these types of measures in one strategy reduces the efficiency of the 
strategy. In order to design an optimal strategy from economic perspectives, all strategies 
should preferably be compared with an economically fully optimized strategy. This provides 
information on the costs and benefits of the economic optimal strategy, as well as on the 
additional costs of not selecting the economic optimal strategy. This requires analysis of 
individual measures, preferably quantitative, but under time constraints it can also be done 
qualitative, e.g.  based on expert judgment. Furthermore, the strategies are part of a broader 
basin-wide strategy, which should be considered when analysing the differences in impact 
of the downstream part of the strategy. 
2. Resettlement. Both involuntary and voluntary resettlement can have a large impact on 
the community. An important pre-condition for resettlement is the quality of services at the 
new location, which should be at least similar to the services at the old location. These 
services should be sufficient to sustain livelihood to conditions equal or better than at the old 
location. Unlike resettlement due to land acquisition, the (social) impact of resettlement part 
of strategy 2 has not been considered in the MCA as a separate indicator. Furthermore, the 
costs of resettlement, such as building/buying new houses, were not included in the total 
cost estimates. 
3 Livelihood impact. Poverty and inadequate access to basic services are identified by 
DENR-RBCO team (2014) as socio-economic problems in the basin. The proposed 
strategies in the master plan could affect -amongst others- income and food security of local 
communities. The impact on livelihood can be one of the most tangible and important impacts 
for the local communities after implementation of the masterplan and is therefore 
recommended to be included as a separate indicator in the MCA.   
4 Indicator comparison. Protection of major infrastructure, costs, annual expected avoided 
damage, EIRR and land acquisition largely determine the differences in results between 
strategy 1 and 2. There is an appearance of double counting, as EIRR is the result of costs 
and annual expected avoided damage. Only when there is a correction made in the weighting 
of these indicators, they can all be included as indicators in the analysis. Furthermore, land 
acquisition costs and hectares of land acquisition are individual indicators, which are 
interdependent and therefore also have a semblance of double counting. Furthermore, the 
EAD included in the MCA is different than reported in the flood damage analysis. The 
difference between the two strategies (S1:154 and S2:164) is larger in the MCA than reported 
in the flood damage analysis (S1:289 and S2:295). A change in EAD will substantially affect 
the MCA, as it will affect the indicators EAD and EIRR.  

 
In view of the problems in the basin and the two strategies, it is recommendable to pay attention 
to the following impact indicators (aside of flood damage):  

- Erosion and sedimentation; 

- Drought and Groundwater recharge; 

- Health issues;  

- Biodiversity; 

- Recreation/Tourism; 

- Livelihood; 

- Resettlement; 

- Transportation impact; and 

- Carbon sequestration. 
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Every indicator is first shortly described, after which an approach is given that describes how the 
indicator can be included in an MCA or CBA. As many effects depend on the design of the 
measures and social preferences, which are both not always known in the planning phase, 
recommendations are given on the inclusion of the indicator in the master plan and/or feasibility 
study. An overview of methods to monetize the value of impacts on the system is given in Annex 
I.  

5.4.2 Erosion and Sedimentation 
Erosion is a large problem in the Buayan-Malungon river basin, which is aggravated by 
deforestation, quarrying activities and increasing agricultural use.  
 
According to the Mindanao River Basin Integrated Management and Development Master Plan 
(2014), the Buayan River Basin watershed exhibits the most alarming rate of susceptibility with 
40% or equivalently 56,031 hectares, of the entire watershed classified as highly prone to erosion. 
According to the soil erosion potential map (SEP) (see Figure 5.8), especially the upstream part of 
the watershed experiences erosion. The IRBMDMP of the BMRB Master Plan shows that several 
land zones are not planted or covered with the most suitable land cover. For example, there is 
more than 10,000 hectares of protected zone that is planted with perennial crops. In total there is 
20,747 hectares that does not conform with the initial land use for the basin, which indicates that 
illegal use of land is a problem in the region. Especially the municipalities Santa Maria, Malungon 
and Alabel have a large area of non-confirming land use, indicating that erosion problems are 
probably more pressing in these areas (DENR-RBCO, 2014). This also shows that clear land use 
policies and legal enforcement of these policies are from great need. Note that there is a lack of 
reliable information regarding land use and in particular crops, in the Buayan – Malungon river 
basin. As such this information should be used with care. 
 

 
Figure 5.8.  Soil erosion potential of Buayan-Malungon River Basin for 2020 in 

percentage (DENR-RBCO, 2014). 
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Most eroded sediment deposits in the lower part of the basin and in the Sarangani Bay. According 
to the BMRB Master Plan the Buayan (bridge Resort) and Buayan (GSC-Alabel boundary) sites 
experience the highest sediment yield at 2,694 and 1,438 tons/day, affecting the river dynamics 
substantially. The abundance of sediment facilitates quarrying, which is already altering the river 
profile of equilibrium and triggering erosion and scouring.  
 
The downstream strategies, such as demolition of dikes, affect the river flow and therefore also 
might have an impact on the deposition of sediment. Furthermore, upstream strategies, such as 
dike construction and land use management, can have a large impact on sedimentation rates 
downstream, which should be considered when assessing the impact of downstream strategies.  
 
Method 

The SedNet model (NIWA, 2006), Delft-3D (Deltares, 2020) and Soil and Water Assessment Tool 
(SWAT, 2020) are some of the available models able to quantify sediment supply and soil erosion 
in a river basin given existing and proposed interventions. Sediment retention is also one of the 
models’ part of the INVEST model suite (Stanford University, 2020), which is developed to map 
and value ecosystem goods and services. The sediment retention model produces outputs in terms 
of avoided sedimentation and values this service by the costs of sediment removal or water quality 
maintenance.  
 
Another method to value sediment retention or erosion control is the replacement cost method. In 
order to use this method two assumptions shall be taken: 1) the alternative to the ecosystem 
service provides the same services and is the least cost alternative, and 2) society will choose to 
replace the ecosystem service if it were lost. A potential replacement service for erosion control is 
the use of cocomats. In order to calculate the replacement costs, first the volume of erosion 
avoided (in t/ha/year) needs to be estimated with a bio-physical model. Then capacity of the coco 
mats to reduce erosion and the area that needs to be covered should be assessed. The price 
(PhP/sq m) of cocomats can be based on the contract price in the installation of coco matting.  
 
In summary, to arrive at the value of the cost of replacing the erosion control co-benefit, the 
following can be computed for each area of the sub-basin: 
 

1. Quantity of erosion blankets required (sq m/year) =  

                Erosion avoided (kg/year)                  . 

   Trapping capacity of coco matting (kg/sq m) 

 

2. Replacement cost of erosion control ES (PHP/year) =  

             Quantity of erosion blankets (sq m/year) * Price of coco matting (PHP/sq m) 

 

Dredging is an alternative replacement service to assess the value of sedimentation. The 
(additional) costs of dredging to remove the additional sediment can be taken as a proxy. However, 
this does not include valuation of erosion control services. Another, more accurate, but challenging 
way to value changes in sedimentation is to assess the impact of sedimentation on the productivity 
of river through changes in productivity or the net factor income method. 
 
Recommendation 

The downstream strategies, such as demolition of dikes, affect the river flow and therefore also 
might have an impact on the deposition of sediment. Furthermore, upstream strategies, such as 
dike construction and land use management, can have a large impact on sedimentation rates 
downstream, which should be considered when assessing the impact of downstream strategies. 
Furthermore, Strategy 1 seems to have more potential for sediment trapping due to construction 
of natural bypass.  
 
The strategies are expected to affect morphological dynamics, which therefore should be included 
in the analysis. The valuation procedure above requires modeling work and additional secondary 
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data, therefore it is recommended to further explore and model the impact of the strategy on 
sedimentation and erosion in the feasibility phase. In the masterplan phase, sedimentation and 
erosion can be qualitatively included as a criterion in an MCA.  

5.4.3 Drought and Groundwater recharge  
Although water supply and drought issues are mentioned as main concerns in the Buayan- 
Malungon River Basin, most likely this is from little importance in the hotspot area. Aside some fruit 
plantations, agriculture in the area is limited and as the area is located very close to the seaside 
groundwater is probably not suitable for the subtraction of drinking water. Even though the 
consequences of an increase of the groundwater table might be limited, the impact of the strategies 
on the groundwater table should not be neglected. Strategy 1 is expected to have the most impact 
on the groundwater table, as water in the by-pass will slowly recharge the ground water. The 
ground water table might partly be recharged with brackish water, as the sea water is expected to 
enter the by-pass during high tides. A silt weir downstream of the new bridge could act as an 
underground dam for retention of freshwater and prevent seawater intrusion.  
 

Method 

Damage cost avoided can be used to assess these benefits, e.g. the avoided damage to crops is 
a proxy of the value of this water when the water is used for irrigation.  
 

Recommendation 

Due to the limited expected benefits of groundwater recharge, the recommendation is to not further 
explore these benefits in this master plan phase. Nevertheless, in the strategy selection process 
ground water recharge could be used as an additional indicator when the strategies are not 
distinctive enough.  

5.4.4 Health issues 
Communities in Baluntay and Maribulan experience every year multiple small floods (20-40 times 
a year). Not the flooding but the accompanying health issues due to waterborne diseases, 
hypothermia and lesser extent vector borne diseases are their main concern (IPIF Output 2 
Consultant, 2020). Waterborne diseases due to protozoa, bacteria, viruses, algae or parasitic 
worms, can cause infections that are predominantly transmitted through contact with or 
consumption of infected water. The most commonly reported symptoms are diarrhea and vomiting 
that could eventually lead to human deaths. According to the WHO (2012) waterborne diseases 
cause about 1.5 million human deaths annually, especially children, elderly and people with a 
chronic illness are vulnerable.  
 
Although epidemic-prone infection due to flooding is rare (WHO, 2020), stagnant water due to 
flooding contaminated with e.g. faeces of chicken in combination with high temperatures creates 
advantageous circumstances for waterborne diseases. Most likely rivers in the Buayan basin are 
a sources of health issues, as apart from unhygienic domestic practices, there are commercial pig 
farms (see Figure 5.9) that over the years moved closer to the rivers because of riverbank erosion. 
To reduce the health impact, it is recommended to provide industrial factories and animal farms 
with appropriate treatment facilities.  
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Figure 5.9: Examples of commercial piggery farms. Left: Latitud e:  6.131242°; Longitude: 

125.234669° and right: Latitude:  6.159009°; Longitude: 125.236237°. 

 
The dissolved oxygen concentrations in the river provide a good indication of the quality of the river 
water. The combination of river water quality, number of flood events and duration of these events 
determine the health risks. A reduction of either the number or duration of flood events is expected 
to reduce health issues in the communities.  
 
Strategy 1 protects communities with a perimeter dike and the by-pass will reduce flooding of Brgy. 
Maribulan. The second strategy resettles the communities, reducing the current health risk to zero. 
Still the resettled communities could be exposed to other waterborne diseases at their new 
location. Although there is only a slight difference between the impact of these strategies on the 
health risk, both strategies have in absolute terms considerable health benefits.  
 
Method 

There are different ways to calculate the health impact. The most frequently used method is DALY, 
with stands for disability adjusted life year, that can be thought of as one lost year of "healthy" life. 
For example, in 2015 unsafe water sources resulted in 71.7 million disability-adjusted life years 
(DALYs), including 1.1 million deaths and 61.1 million DALYs from diarrheal diseases (Yomwan et 
al, 2013).  
 
DALY estimation requires information on the number of DALY’s currently lost due to flood induced 
waterborne diseases in the community, which can be obtained by conducting a community 
questionnaire that includes questions on the current health situation of the local community. The 
next step is estimating the impact on water quality, number of floods and flood extent of the 
measure or strategy to provide an indication of the impact on number of DALY’s. The result can 
be included in an MCA. Another option is using the cost-of-illness approach involving lost wages, 
averting expenditures (such as expenditure on filtering and boiling water), actual medical 
expenditures, and disutility of sickness (ADB, 2013). Information is required on the days of 
sickness due to waterborne diseases in the current situation, as well as information on livelihood 
and treatment costs. The result of this analysis is monetized and as such can be included in a 
CBA. According to the ADB (2013) another option is a contingent valuation study were people are 
asked how much they are willing to pay (WTP) to e.g. reduce the frequency, duration and extent 
of flooding. In such studies health impacts are implicitly included in the final value. 
 
Recommendation 

Although the difference between the strategies are small, it is important to show their (positive) 
impact on health issues. An example of a DALY calculation based on current information on 
diarrhea incidents for the downstream area can be found below:  
 
Years of Life Lost = Expected number of deaths per year (0.04) * Standard life expectancy at age 
of death (34.65) = 1.5 
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The expected number of deaths a year is based on the worldwide death risk per diarrhea case 
(0.05%), number of floods (20 per year), diarrhea risk (1% per flood) and the population living in 
the affected villages (173 households * 6.1 average number of people in household in Mindanao). 
As children and elderly (70+) are most vulnerable for diarrhea a standard life expectancy at age of 
death is taken of 0.5 * life expectancy in the Philippines.  
 
Years Lost due to Disability = Number of incident cases per year (211) * Disability weight (0.105) 
* Average duration of the case (0.016) = 0.36 
 

The number of incident cases per year is based on the assumption that 1% of the population gets 
diarrhea when the village is inundated, assuming that village is inundated on average 20 times per 
year. The disability weight is based on the WHO weights. The average duration of a diarrhea case 
is between 2 and 10 days, which is on average 6 days or 0.016 of a year. 
 
The expected DALY is under the current circumstances approximately 1.86 per year and will be 
reduced to almost 0 when the strategies are implemented. Although this estimate gives an 
indication of the current health risk and the impact of measures, many assumptions have been 
taken and the results should therefore be used with care.  
 
More detailed quantification is time and money consuming and is therefore not recommended in 
this master plan phase. However, inclusion of a question on the health impact of flooding in the to 
be developed questionnaire is recommended to be able to show the current health impacts and 
the expected positive impact of the strategies.  

5.4.5 Biodiversity 
The biodiversity in the Buayan basin varies from place to place. The land outside of built-up areas 
is mainly covered with grasslands due to deforestation or converted into cultivated areas offering 
little biodiversity. More inland, there are two protected mountainous forest reserves, which are 
important habitats for multiple endangered and vulnerable species including the Philippine Eagle 
(See Figure 5.10). The Buayan river mouth is part of the protected Sarangani seascape, home to 
multiple sea grass species providing a habitat for amongst other fish and shrimp, including the very 
popular milkfish (‘Chanos chanos’) (DENR RBCO, 2018).  
 
Most measures are expected to have little impact on the protected Sarangani seascape and its 
species. However, the proposed jetties will be constructed directly at the Buayan river mouth where 
a nearby mangrove forest is located. These jetties might negatively affect the nearby mangroves 
due to a change in (fresh) waterflow and erosion and sedimentation patterns. Part of the 
mangroves will probably experience more sedimentation, resulting in less inundation, whereas 
other parts will face more erosion (and less sediment transport) leading to higher inundation 
depths. This will make the circumstances less favorable for the mangroves to thrive. 
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Figure 5.10. Protected area in the Buayan-Malungon river basin (IPIF Output 2 

Consultant, 2020). 

 
Further inland, additional room for the river in both strategies will create a larger habitat and 
spawning ground for fish species. The by-pass offers an opportunity to design the area in such a 
way that it serves as a habitat for a wide range of species. As suggested as a recreation/tourism 
option the conditions could be brought back for a small number of Philippine crocodiles, e.g. by 
creating a natural park or wildlife sanctuary.  
 
Textbox 5.4: Overview of biodiversity in the Buayan-Malungon basin 

Biodiversity in the Buayan-Malungon basin 

 

Almost half of the Buayan-Malungon River Basin (BMRB) is classified as a forest reserve 
(49%) and the other half as a combination of unclassified public forest land (30%) and 
alienable and disposable lands (19%)4 (DENR-RBCO, 2018). However, the predominant 
land cover is farming (76,257 ha or 53%), showing that the legal land classification is not in 
line with the actual land use.  
 
The BMRB is part of the Eastern Mindanao Corridor (EMC) which houses 2,300 plant species 
or nearly 31% of the country’s total plant population. There are two declared protected 
areas—Mt. Matutum Forest Reserve, and Sarangani Protected Seascape, and a Key 
Biodiversity Area—Mt. Latian Complex (DENR-RBCO, 2018). Mt. Matutum Protected 
Landscape (MMPL) is a strato-volcano located at the Municipalities of Tupi, and Tampakan 
in the Province of South Cotabato, and Malungon in Sarangani Province, which 
accommodates 2 endangered, including the Philippine Eagle and Tarsier, and at least 11 
vulnerable species. The Sarangani Seascape area in front of the coast of General Santos 
City and Alabel, is the home multiple sea grass species and fish. Mt. Latian Complex, at the 
northeast of the Buayan river mouth, is the natural habitat of 2 endangered and at least 6 

 
4 The 2% has no data. 
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vulnerable species and is threatened by slash and burn agriculture and forest fires.  Wild 
Boar and the Mindanao Mountain Deer were listed as endangered due to hunting activities 
by the local indigenous peoples.  
 
The BMRB master plan of the River Basin Control Office of DENR reported biodiversity 
information for the BMRB and is summarized below:  
 

Location Species 

Sea grass species 
in Alabel 
Saranggani 

Cymodocea rotundata, Enhalus acoroides, Halodule pinifolia, 

Halodule uninervis, Halophila ovalis, Syringodium isoetifolium, and 

Thalassia hemprichii 

Species in Mt 
Matutum Forest 
Reserve 

Low and medium high altitutudes: Dacrycarpus imbricatus (Igem), 

Trema orientalis (Anabiong) Aglaia luzoniensis (Kulingmanok), 

Aspatodea sp., and Strychnos ignatii (Aguason). 
High altitudes: Podocarpaceae, Casuarinaceae, Sapindaceae, 

Lauraceae, Rubiaceae, Myrtaceae, Alangiaceae, Clusiaceae, 

Euphorbiaceae, Annonaceae.  
Low to high altitudes: Lauraceae, Sterculiaceae, Ulmaceae, 

Fagaceae, Euphorbiaceae (BMRB VA 2011).  

Mangrove species 
in Saranggani 

Rhizophora mucronata, Rhizophora apiculata, Ceriops decandra, 

Avicennia marina, Sonneratia alba, Terminalia catappa, Aegiceras 

floridum, Exoecaria agallocha, Pongamia pinnata, and Pemphis 

acidulaI 

Plantation species Coconut, Mango, Pomelo, and then Gmelina 

 
In terms of terrestrial grasses, Imperata cylindrica, an obnoxious weed, dominates the 
grasslands of the river basin which covers approximately 34,972 ha (or 24%). The different 
sea grass species act as ‘ecological engineers,’ by providing habitat and nurture for most 
aquatic animals like fishes and prawns. Furthermore, sea grasses are important protection 
from strong tidal currents and from predators. Additionally, it acts as substrate stabilizers, 
and serves as detrital food pathway. Moreover, plant species like Igem (Dacrycarpus 

imbricatus), Tibig (Ficus nota), Taluto (Pterocymbium tinctorium), and Bago (Gnetum 

gnemon) are dominant and can thrive on low, medium, and high altitudes within the Buayan-
Malungon River Basin (Reyes et al 2011).  A bio-invasive species Piper aduncum was 
reported to be competing heavily with the native plant species of the BMRB. In terms of the 

fauna, about 16 amphibian species, 85 bird species, 25 mammal species, and 26 reptile 
species are endemic to the region. Sarangani Protected Seascape (SPS), the outlet of the 
BMRB houses diverse aquatic faunal species.  The BMRB Master plan reported 46 fish 
species in the municipality of Alabel, and 37 in General Santos City. Coral reefs which serves 
as shelter of many aquatic species were reported in Alabel and General Santos City, 
respectively (hard corals – 58.06%, 22.41% and soft corals – 2.8% and 0 %).   
 

 
Method 

The value of biodiversity is difficult to fully monetize, as the intrinsic value or in other words ‘the 
value of biodiversity and its beauty by and for itself’, cannot be monetized. However, biodiversity 
can partly be valued through the services that it delivers, for example fish or recreation potential, 
which both have a market value. 
  
To include the impact of strategies that improve biodiversity conservation potential in a CBA or 
MCA, there are different methods that can be applied. The first is to ask the willingness to pay of 
people for the improved biodiversity in the area, which provides an indication of the use and non-
use value of the biodiversity. The second is to apply benefit value transfer method where the results 
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of a non-market valuation of biodiversity conservation in a similar area in Mindanao (if available) 
are used as basis to reflect society’s valuation of the biodiversity conservation in the area. The 
drawback is that the area, strategies and biodiversity of the other can be very different, which 
reduces the reliability of the results. The third is valuing all ecosystem services that biodiversity 
delivers, which provides an indication of the total value of biodiversity as the non-use values are 
not part of this assessment. The last is quantifying the value of biodiversity in non-monetary values, 
such as nature points or the number of key species.  
 
Recommendation 

The impact of the strategies on biodiversity should not be ignored. The jetties might have a 
negative impact, whereas the room for the river and by-pass (depending on the design) have 
potentially a positive impact. As quantification in monetized values is challenging and sometimes 
even heavily debated, a good alternative is to quantify the impact of a change in biodiversity on 
the ecosystem services that they will deliver or quantifying the impact as e.g. additional number of 
species. In any case a good environmental impact assessment has to be conducted as part of the 
feasibility study. Furthermore, the impact of different strategies on the nature and biodiversity value 
should be considered in the final decision 

5.4.6 Recreation/Tourism 
In 2015, nearly 1.2 million tourists arrived in General Santos City, of which the majority are local 
day tourists (General Santos City – CEMCDO, 2016). As tuna capital of the Philippines, General 
Santos City fish port complex is the most popular tourist destination. The river mouth of the Buayan 
– Malungon river basins is surrounded by the airport in the west and fish ponds in the south. 
Although the current strategies do not seem to have a significant impact on tourism and the overall 
recreation and tourism potential may at first appear to be small due to its location, the relatively 
high number of visitors in General Santos City and the almost 650,000 inhabitants indicate 
potentially a large recreation and tourism demand. The more natural tourist destinations Sarangani 
islands and Sanchez peak are both no river destinations and are quite far from General Santos 
City. This offers an opportunity to develop the Buayan river mouth in such a way that the 
attractiveness for both local recreation and tourism is increased together with amongst others the 
reduction of the flood risk and increase of biodiversity. A promising option is to re-introduce the 
crocodile in (an enclosed part of) for example the natural by-pass of strategy 1. As already proven 
by the Crocodile Park in Davao City, this could potentially attract thousands of tourists a year. 
Another option is to focus on local inhabitants and make the river more natural and attractive for 
fishing and walking or to let people experience the mangrove forest that will be restored and 
enlarged as part of both strategies.  
 
Method 

To include the impact of strategies on recreation and tourism potential in a CBA or MCA, two 
methods can be applied. The first is to estimate the potential number of visitors per year, based 
on local surveys or visitors at similar destinations. The second is to ask the willingness to pay of 
people for visiting the area or asking whether and how often they will visit the area, after which the 
travel costs can be calculated.  
 
Recommendation 

There is potential to combine the proposed measures with the restoration of the ecosystem and 
increase of the recreation and tourism potential. Strategy 1 seems to have more potential for 
recreation and tourism, which should be considered in the overall consideration of the strategies. 
It is recommended to further explore the recreation potential as part of the questionnaire that will 
be conducted and in the feasibility study phase.  
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5.4.7 Livelihood 
The impact of strategies on flooding, sedimentation, biodiversity, recreation and health all lead to 
an impact on livelihood of the local population. As these are impacts at the end of the impact chain, 
they are more difficult to estimate. A CBA estimates the impact on well-being, of which livelihood 
is a key element, in practice the full impact of measures on livelihood is not always included. For 
example, transport disturbance can lead to a loss in jobs and subsequently income, and flooding 
has besides a physical health impact also a mental impact. These impacts are difficult to include 
in a CBA. In an MCA, however, livelihood can be included as an impact indicator in the analysis. 
Although there could be some double counting due to the more indirect nature of these impacts, 
analyzing the impact on livelihood can give valuable information for both the final impact 
assessment as well as the implementation feasibility of a strategy.  
 
Recommendation 
The questionnaire provides an opportunity to assess the expected impact of the strategies on 
livelihood of the local population. This requires questions on how the measures can affect current 
livelihood of people (e.g. income and food from fishing or agriculture) and can offer new 
opportunities to earn a living (e.g. work in the recreation sector or quarrying). To obtain reliable 
answers, the physical impact of the measures should be well-explained to the respondents. The 
following criteria are suitable to express the impact on livelihood in an MCA: Access to potable 
drinking water, Food insecurity, Employed population and Population with an income under the 
poverty line.  

5.4.8 Resettlement 
Resettlement can either be part of a strategy or be an impact that comes along with a strategy. In 
the Buayan-Malungon river basin master plan resettlement is part of the strategy. Three local 
communities experience multiple small floods each year with inundation depths of approximately 
20 cm. Two of these communities in Brgys. Baluntay and Maribulan, consisting of 173 households, 
are open to be resettled according to a stakeholder consultation conducted by the IPIF Output 2 
Consultant. Whether they finally agree with resettlement depends on the new location and services 
provided there.  
 
Resettlement potentially has multiple benefits, such as flood risk reduction and reduction in health 
issues. However, resettlement significantly affects the lives of people and can make communities 
worse off, the resettlement process and compensation provided is therefore of great importance. 
ADB developed an Involuntary Resettlement Safeguard to avoid involuntary resettlement wherever 
possible; to minimize involuntary resettlement by exploring project and design alternatives; to 
enhance, or at least restore, the livelihoods of all displaced persons in real terms relative to pre-
project levels; and to improve the standards of living of the displaced poor and other vulnerable 
groups (ADB, 2009). The involuntary resettlement safeguards of the ADB covers physical and 
economic displacement as a result of involuntary acquisition of land, or involuntary restrictions on 
land use or on access to legally designated parks and protected areas. At the end the key of good 
resettlement is providing shelter and services instead of only a house (see Figure 5.11).  
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Figure 5.11 Conditions for resettlement. Source: Presentation Barry Beagen, Koti Kita 

Indonesia, based on an evaluation of international developmen t bank’s policy 
frameworks, including IFC, World Bank, ADB, EIB, AFDB, AIIB and IDB (Hadrich 

Silva, 2018).  

 

Recommendation 

The benefits of resettlement are included in the MCA by the reduction in flood risk. However, when 
no safeguards are given regarding the resettlement process, the community can be worse-off. As 
such, resettlement conditions are of great importance. In the MCA/CBA more explicit attention 
should be given to these aspects, for example by considering the impacts of resettlement in the 
criterion ‘livelihood impact’ or by including the number of people to be resettled. 

5.4.9 Transportation  
The construction of a new natural by-pass from the meander of the Maribulan River to the Buayan 
River mouth and a new bridge crossing the new natural by-pass is expected to temporarily disrupt 
transportation system in the area causing delays and inconvenience to the local residents and 
visitors. For several households this can also lead to a permanent reduction in accessibility.  
  

Key requirements to all Policies: 
• Avoid involuntary resettlement wherever feasible, and minimize 
impacts when resettlement is unavoidable by exploring different 
alternatives; 
• Compensate impacted persons at replacement cost of affected 
assets in its existing condition; 
• Assist affected people in relocation; 
• Assist affected people to restore or improve their livelihoods 
(living standards, capacity for income generation, and production 
levels); 
• Promote the effective participation of all stakeholders; 
• Consult project affected persons at every stage; and 
• Create grievance redress mechanisms for project affected 
persons. 
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Method 

The opportunity of time lost due to the transport delay can be estimated using the wage rate 
prevailing in the area. The cost of inconvenience could be assessed by asking people their 
willingness to accept compensation for the worsened traffic problem. 
 

Recommendations 

The traffic disruption is probably similar in both cases. However, strategy 1 might benefit slightly 
more from a temporary road access. Only when the potential time lost is significantly different 
between the two strategies, it is suggested to incorporate the value of time lost and inconvenience 
in the feasibility stage. 

5.4.10 Carbon sequestration 
The restoration of the ecosystem is expected to improve land cover, biomass, and carbon stock 
and sequestration potential.  The carbon sequestration rate of the restored ecosystems in the area 
can be estimated using volume or biomass inventory data.  It is also possible to explore the use of 
remote sensing in estimating the Normalized Difference Vegetation Index. In the case of forest-
based ecosystems, the mean annual increment (MAI) above-ground biomass (AGB) growth and 
the ratio of above-ground biomass to below-ground biomass (BGB) were obtained per land cover 
(closed, open, plantation).  The carbon sequestration rate (t CO2/ha/year) and the CO2 
sequestered per land cover type (t CO2 e/year) were obtained using the following formula: 
 
1. Sequestration rate = [MAI (AGB) * (1+BGB) * Carbon Fraction * CO2 global warming potential] 

 

2. Total CO2 sequestered = Area * Sequestration rate 

 
Method 

The carbon sequestration service can be valued using the Social Cost of Carbon (SCC, in USD/tC 
converted to PhP/tCO2), which is a global price and used by the Worldbank-PhilWAVES project. 
The SCC estimates the value of economic damages caused by each additional ton of CO2 released 
to the atmosphere (Ackerman and Stanton, 2010). 
 

Recommendation 

Although carbon sequestration benefits are expected to be limited for only for the downstream 
area, the proposed measures in the whole basin, such as land use management, can have a 
significant impact on carbon sequestration on the long-term. Therefore, it is recommended to 
highlight the impact of these measures on carbon sequestration in the feasibility study phase. 

5.4.11 Overview  
Table 5.3 provides an overview of the impact of the two strategies on the indicators as suggested 
in this document in combination with the indicators part of the MCA in the Buayan-Malungon 
Master Plan (IPIF Output 2 Consultants, 2019).  
 
The final scores were determined by using a simple linear additive evaluation model with the 
maximum known score as reference point. Since not all suggested indicators could be included 
(e.g. food security), and the weights and impacts of the additional indicators are mainly based on 
expert judgment, the overview cannot be considered as a full MCA. However, it provides an 
indication of the impact of the two strategies when additional indicators are considered. According 
to this analysis strategy 1 is slightly preferred above strategy 2, mainly due to the impact on 
biodiversity and the absence of resettlement. The expected impact of the strategies does not seem 
to be significantly different. This shows the importance of stakeholder consultation and exploration 
of possibilities to design the strategies in such a way that the strategies provide additional benefits.  
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Table 5.3: Multi-criteria analysis table including additional criteria based one expert 

judgment.  

Weights 
MP 

Weights 
adjusted 

Indicator Unit Strategy 1 Strategy 2 

Selection MCA criteria Master Plan analysis Abs. Rel. Abs. Rel. 

0.09 0.1 Reduction EAD MPHP 289 0.098 295 0.1 

0.2 0.2 Protected population # 1821 0.19 1874 0.2 

0.12 0.08 Protected 
agricultural land 

Ha 9 0.05 14 0.08 

0.04 0.04 Protected 
infrastructure 

Km 1 0.007 6 0.04 

0.04 0.04 Protected major 
infrastructure 

Unit 39 0.04 11 0.011 

0.04 0.08 Social acceptability Grade 
1-10 

7 0.079 7.1 0.08 

0.06 0.1 Construction costs + 
land acquisition 
costs 

MPHP 2222 0.077 1701 0.1 

0.03 0.04 Maintenance costs MPHP 110 0.3 91 0.4 

Other criteria      

 0.04 Sediment trapping 
potential 

Score ( 
-5 to 5) 

2 0.016 1 0.008 

 0.06 Decrease in health 
impact 

DALY 1.45 0.059 1.47 
 

0.06 

 0.03 Recreation potential Score  3 0.018 1 0.006 

 0.05 People resettled  # 0 0.05 1055 0 

 0.1 Biodiversity  Score 2 0.04 0 0 

 0.04 Employment 
potential 

Score 1 0.008 0 0 

TOTAL (out of 1)   0.77  0.73 

5.4.12 Conclusion 
The downstream area of the Buayan – Malungon river basin is a potential showcase for room for 
the river strategies in the Philippines. When developed in such a way that biodiversity thrives and 
ecosystem services are reinforced, the proposed strategies by the IPIF Output 2 consultant are 
expected to increase overall well-being and stimulate economic development in the area. The 
multi-criteria analysis did not indicate a clear difference between the two proposed strategies in 
the master plan. Therefore, it is recommended to further consult the local communities on the two 
strategies, paying special attention to the multitude of co-benefits. Furthermore, this study shows 
that additional research is required on the effectiveness, impacts and benefits of the proposed 
measures in the feasibility phase. For example, the jetties might impact the mangroves 
substantially, which reduces the flood protection services of the mangroves. Also, it is 
recommended to further explore the impact of resettlement of households, specifically focusing on 
the service level of the current and new location. The previous chapter provided advice on the way 
how these impacts and benefits could be further explored. Our advice is to not completely fix the 
strategies. In the feasibility stage there should be room to either include or exclude measures from 
the strategy based on the effects and (societal) benefits. Furthermore, currently little attention was 
paid to the responses of local communities to the proposed measures, e.g. newly planted 
mangroves can be used by the local communities in such a way (grazing of cows, logging) that the 
mangroves will not be able to thrive. Better understanding the behavior of local communities 
supports more successful implementation of the selected strategy.  
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Textbox 5.5: Summary of impact of NbS on main issues in the basin including co -

benefits 

Impact of NbS 
 

Main issues in the basin 
 
Flash flooding in the middle basin, river, coastal and pluvial flooding and in lesser extent 
drainage problems in the downstream part of the basin 
- Flood damages 
- Temporary evacuation 
- Waterborne diseases, mainly diarrhea  
 
River bank erosion 
- Damages to properties 
- Threatens community facilities 
- Disappearance of cultivated land 
 
Other natural pressures in the basin are storm surges, earth quakes, droughts and tsunamis.  
 
Human induced issues include deforestation and quarrying activities, resulting in erosion and 
siltation. According to DENR-RBCO (2015) other issues include pollution from sewage, solid 
waste, ecosystem degradation, threatened biodiversity, poverty, inadequate access to basic 
services and social conflicts.  
 
Impact of proposed NbS on issues in the basin 
Both strategies proposed in the downstream area of Buayan-Malungon river basin include a 
room for the river strategy combined with grey infrastructure. The strategies reduce flood 
damages and waterborne diseases in the downstream part of the basin, which are expected to 
also positively affect livelihoods. Furthermore, when designed in a natural way, the strategies 
can increase biodiversity and reduce ecosystem degradation.  
 
Co-benefits 

- Reduction in health impact 
- Recreation potential 
- Potential spawning ground for fish 
- Increase in biodiversity 

 

5.5 Input for community questionnaire 

As a start of the feasibility study phase, the IPIF Output 2 consultant prepared a community survey 
to obtain more detailed information on the socio-economic conditions, disturbances and losses of 
local communities. The survey will cover all the households and lands directly affected by the 
proposed structural measures under the feasibility study and questionnaire is built up in four 
components:  

 

- A. Socio-Economic Survey Instrument (Household) 

- B. Socio-Economic Survey Instrument (Business / Institution) 

- C. Flooding Disaster Awareness and Attitudes, Impacts and Damages 

- D. Disturbance Losses / Inventory of Losses 
 
The previous chapter gave recommendations for the feasibility phase and more specifically for 
methods to include the multitude of effects of the proposed strategies. This analysis revealed 
information gaps, which could be filled by the community survey. As such, for each component of 
the survey, recommendations will be given to fill these gaps.  
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5.5.1 Socio-economic survey households 
The socio-economic household survey covers household profile, income, expenses, facilities and 
income opportunities. This provides relevant information on the economic profile of a household 
and the financial capacity.  
 
Apart from economic conditions, food security is an important aspect that provides information on 
the socio-economic status of a households, is potentially affected by flooding and can drive 
adaptation behavior. Food (in)security is therefore recommended for inclusion in the survey. Food 
security has different components, including the availability of food, access to food, utilization (safe 
and nutritious) and stability (FAO, 2011), therefore it requires multiple questions to assess all 
aspects. A more direct way to ask whether the household is food insecure is by asking if the 
household ate at any time less than 2 meals a day over the past year. 
 
Also drinking water access could be affected by flooding and provides information on the socio-
economic status. Aside from questions on drinking water facilities, the actual access could be 
surveyed as well. This can include questions on the quality of the drinking water and days in the 
year without access to clean drinking water.  
 
In order to understand the importance of the river for the livelihood of households, we recommend 
to survey the way in which people use the river. A river is not only a source of flooding, but can 
also be used for cleaning, fishing, transport and recreation. The way in which people perceive and 
use the river can help to design measures in such a way that these services will be at least not 
hampered but rather strengthened. Furthermore, in the Buayan – Malungon basin, additional 
mangroves are planned. Successful implementation of mangroves in this area also depends on 
the way the local communities use the mangroves. Earlier studies showed that this measure was 
not always a success due to e.g. grazing of livestock in the mangroves, fishing and logging. 
Inclusion of a question about use of the mangroves is recommended to identify local 
implementation challenges.  
 
The proposed strategies could potentially create more recreational area. More information on the 
recreational activities that the local community undertakes (or would like to undertake), could help 
in designing the measures in such a way that they provide recreational services for the (local) 
community.  
 
Especially for the households that are planned to be relocated, it is important to understand the 
service level of their current location. This includes the travel time to work (primary and secondary 
job) and means of travel, as well as the travel time to attend education of the youngest household 
members. Also, distance to medical services and church or mosque can be important. 
Furthermore, the social network of households in the direct surroundings affects the attachment to 
a certain location. As such, it is of great importance to understand the social network including the 
distance to family members and friends from their current location.  
 
Summary of recommended topics 

- Food security 

- Access to drinking water 

- Use of the river  

- Use of mangroves 

- Recreation 

- For households planned to be relocated: Service level of current location 

5.5.2 Socio-economic survey businesses 
The socio-economic business survey covers management and staff, business income and 
expenses and income and livelihood enhancement opportunities. This provides a good overview 
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of the current status of the business and helps to understand the impact of flooding and financial 
compensation needed in case of relocation.  
 
Also, for businesses the services provided by the river can be better understood. Examples of 
these services are cooling water, irrigation water, sand and transportation, and discharges. Our 
recommendation is to include questions on the use of the river and the services the river provides 
for the business. Better understanding can help to design measures in such a way that these 
services are supported or strengthened.  
 
Summary of recommended topics 

- Use of the river by different business classes 

5.5.3 Flooding disaster awareness and attitudes, impacts and damages 
This part of the survey is about past flood experiences, including the duration, depth and damages. 
Furthermore, the survey contains questions on familiarity with the disaster risk reduction 
management committee, the presence of an evacuation center and information sources on 
flooding. This information is needed to obtain a good understanding on the impact of flooding for 
households.  
 
However, these questions do not cover all potential impacts, such as flood impacts on health and 
transport. In the downstream part of the Buayan – Malungon river basin, one of the key impacts of 
flooding for local communities are the health impacts, especially the increase abundance of 
waterborne diseases, such as diarrhea. Including a question on the past impact of flooding on 
health is therefore highly recommended. For example, did you or one of your household members 
ever got sick as a result of a flooding. Followed by question on the type, duration and frequency of 
the sickness, duration and how often this happens. Also, a question on lost working days and 
medical expenses could be interesting follow-up questions.  
 
Connectivity of villages and cities could be hampered due to flooding, e.g. roads could be 
inundated or even highly damaged. Understanding the past impact of flooding on transport 
connectivity could support a better forecasting of the indirect impacts of flooding. Therefore, the 
NbS consultant team recommends including a question related to the frequency and duration of 
flood induced transport disruption.  
 
The recommendation was given to include questions on food security and drinking water access 
in the household socio-economic section. Aside of a general understanding of these aspects, the 
impact of flooding on food security and drinking water access should be better understood. This 
supports the identification of benefits of the proposed measures. An example could be: Did you 
ever experience reduced access to drinking water during or in the aftermath of flood?  
 
Households adapt to recurring events, such as river flooding. Understanding their flood 
preparedness level also supports a better understanding of the actual impact of flooding on the 
household. For example, when households can replace their furniture on time to higher areas, the 
actual damage to households will be lower in comparison with a situation when no measures are 
taken. Furthermore, households can take more structural adaptation measures, such as raising 
the doorstep, to adapt to flooding. Insight in the adaptation behavior helps to interpret the 
calculated flood damage, since when a lot of household adaptation measures are taken the 
calculated damage is expected to be an overestimation of the actual damage. Furthermore, it might 
give insight in the potential for household adaptation measures, aside of the more structural 
measures. Therefore, a question on the need for financial or technical support to consider 
adaptation measures could be included in the questionnaire.  
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Summary of recommended topics  

- Health impact 

- Connectivity/Transport impact 

- Impact on food security and access to drinking water  

- Adaptation behavior of households 

5.5.4 Disturbance losses and inventory of losses 
The last part of the survey mainly focuses on making an inventory of losses for a better assessment 
of the damage and compensation purposes. Aside of the loss of assets, there might be other losses 
relevant to survey. For example, the loss of working days due to floods and the resulting loss of 
income.  
 
This part of the survey also contains questions on relocation, including a question on the 
preparedness of the respondent to be relocated. A better understanding of the attitude of the 
respondent towards relocation could be obtained when asked under which conditions the 
respondent is prepared to be relocated. For example, which services are essential on the new 
location.  
 
The survey could end with an open question on suggestions of the respondent regarding flood 
adaptation measures and on ways how they can be involved, e.g. in maintenance. 
 

Summary of recommended topics 

- Loss of working days 

- Attitude towards relocation 

- Involvement of local community in maintenance of NbS 
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6 Tagum – Libuganon – Wetlands to enhance drainage capacity 

6.1 Description of main problems 

6.1.1 Upstream 
High slopes along the Pantaron mountain range, bordering the west of the upper basin, make this 
area susceptible to landslides. The tributaries in this area are dammed (Mabantao Dam and 
Mamacao Kipaliko Dam) causing frequent floods. Flood levels of 5 m have been recorded at 
Florida, Kapalong, but overall there is little impacted population or infrastructure in this area. NbS 
in this area of the basin should aim at reducing landslide occurrences and at reducing vulnerability 
of residents. Options for land-use management and relocation of vulnerable communities should 
be explored.  

6.1.2 Midstream 
Flooding occurs at the confluence of the Libuganon and Saug rivers, exacerbated by bridges 
downstream constricting flow. The municipalities of Asuncion and New Corella in the Saug River 
basin are hotspots for flooding, but also depend on the river for irrigation of banana plantations 
and for recreation and tourism due to its crystal-clear waters. Quarrying activities are common and 
exert a large influence on the geomorphology of the basin. Both quarrying and flooding may be 
responsible for observed erosion and bed incision. Earthquake-induced landslides are also 
frequent in the East due to fault lines along the Compostella valley. Possible NbS in this area 
should focus on solving bottle necks and providing more room for the river through widening 
bridges constricting the flow downstream. Options for land-use management to reduce the 
occurrence of land-slides and smart quarrying practices can be implemented to re-meander 
waterways that have been channelized or straightened. Finally, providing space for the river and 
lengthening the path of the river in the midsection, will flatten peak flows into the lower basin, which 
currently has poor drainage conditions. Such solutions would include re-meandering through smart 
quarrying practices and restoring wetlands that can act as natural retention areas. 

6.1.3 Downstream 
The downstream river basin has been heavily modified. Large parts of the rivers are embanked 
and straightened, disconnecting natural distributaries and putting ancient villages that were 
originally located alongside natural water ways, in flood prone areas. Furthermore, these 
embanked channels cut off drainage from the plains towards the sea. Similarly, roads built on 
embankments with insufficient transverse drainage essentially act as dikes. Further exacerbating 
the poor drainage of the area, is the disconnect of the Libuganon estuary, with 3 natural outlets 
into the sea, from the river network. All flows now converge to a single outlet of the Tagum-
Libuganon River. Overflowing of the rivers and mad-made channels are rather frequent in the lower 
basin and water accumulates in the areas with poor drainage. Such areas are the municipalities of 
Carmen and Braulio-Dujali where significant assets are exposed to floods, including dense urban 
areas, hamlets, fishponds and annual crops, as well as main road infrastructure. NbS in this area 
should focus on improving drainage from the plains to the sea. This involves removing obstacles 
to flow or improving transverse drainage through these obstacles by elevating roads, upgrading 
culverts and widening bridges. Furthermore, solutions that involve reconnecting old channels to 
increase discharge capacity will improve drainage from the plains to the sea. 

6.2 Selection of hotspots 

Adjacent to the Tagum-Libuganon river basin, the Tuganay river is situated in the Eastern part of 
the River Basin. The Tuganay catchment contains eight rivers, which are from south to north: 
Lasana, Ising, Locutan, Panaga, Balagunan, Tuganay, Anibongan and Salaw rivers. The basin 
has the total area of 804 km2. One of the hotspots in this river basin is Carmen municipality, which 
has a population of 74,679 people, according to the 2015 Census. People report regular flooding 



 

 

   

11204073-002-ZWS-0001, September, 2020 

   

79 
 
Nature-based solutions in Philippine river basins 

of Carmen city, especially barangays Tuganay, Alejal and Ising. Flood modelling confirms these 
observations and historic analysis show that construction of two major roads worsened flood 
events by funneling water towards these specific neighborhoods and by blocking the Ising river. 
As a result, Ising river silted rapidly. Although Tuganay river is embanked, during flood events with 
higher return periods, these embankments are breached or overtopped and the Tuganay spills into 
the Ising wetland area. This area mostly consists of rice fields (95%).  

6.3 Exploration of possible NbS 

We propose an integrated system approach that explores the following measures: 
• Structural: construction of bridges and culverts in the road to accommodate peak run off 

during 100-year events. The diameter of present culverts appears insufficient to allow 
free flow relative to the water level as shown in the image below  

• NbS: reviving of the Ising river, including buffer zones with wetland areas that perform and 
contribute to the following functions: 1. Water purification, 2. Water retention and flood risk 
reduction, 3. Sediment trapping, 4. Recreation (bird watching/fishing) and 5. Biodiversity 
and natural value. 

• Comprehensive land-use planning that 1. Evaluates current land use practices, 2. 
Proposes sustainable land-use practices and 3. Explores possible ratio between rice and 
wetland that will optimize flood risk reduction and agricultural productivity. 

• Possible retention areas in combination with wetland revival to investigate whether 
retention areas will alleviate flood problems and water availability for agricultural purposes. 

• A green river like connection between the Tuganay and Ising river, to reduce uncontrolled 
flooding of both the Ising wetland and Carmen city, to improve natural quality of the Ising 
river and the Ising wetlands and to reduce water logging in rice fields.  

 
The Ising wetland could provide diverse and vital ecosystem goods and services for the Ising River 
and adjacent ecosystems.  Among them are the following:  

• provision of vegetation filters to trap water contaminants that could improve water quality;  

• trapping of sediments to reduce soil erosion;  

• storing and slowing down floodwaters that could protect downstream areas from 
destructive floods;  

• serving as habitat of important flora and fauna which could serve as food for locals and 
source of wildlife to support ecotourism activities like bird watching; and 

• storing carbon with increased floral species, density and volume.  

Figure 6.1: Example of a culvert in the river basin (Latitude: 7.413192 degrees 

and Longitude: 125.701525 degrees) . 
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In the absence of any available floral and faunal information for the Ising wetland, information from 
the Agusan marsh, another important but critical wetland in the region, revealed a highly diverse 
flora species of trees (112 species) and bamboo, vines, lianas and epiphytes, grasses, ground 
ferns, and other herbaceous plants.  As a wildlife sanctuary it is home threatened species - Silvery 
Kingfisher (Alcedo argentatus), Darter, (Anhinga melanogaster), Philippine Duck (Anas luzonica), 
Mindanao Tarictic Hornbill (Penelopides affinis) Black-Headed Tailorbird (Orthotumus nigriceps) 
and the Naked-Faced Spider-Hunter (Arachnoter clarae).  Thus, the Ising wetland potentially could 
be an important biodiversity conservation area. 
 
At present, the Ising wetland is dominated by irrigated rice (and plantations of banana) while some 
areas are likely perennially underwater so that some areas have existing inland fish production as 
evidenced by a photo (from Google Earth Pro) of inland fish vendors  along the roadside of Sto. 
Tomas-Carmen Road (see Figure 6.2); in some areas egrets, a type of migratory bird common in 
some riceland in the Philippines, can be found in the area. Google earth maps also indicates 
massive eutrophication, due to pollutants most likely coming from the agricultural farms (95% 
annual crops and 5% perennial crops) surrounding Ising River. This could have clogged this 
drainage system, which reduces its capacity to absorb and retard floodwaters.  Also, siltation is 
visible, with the surrounding farms as prime suspect for the source of sediments. 
 

 
 

Figure 6.2: Rows of inland fish vendors along Sto. Tomas -Carmen Road (Latitude:  

7.365273°; Longitude: 125.698430° from Google Earth Pro Streetview) .  

 

Floodplains are planted mostly with rice and banana (areas downstream close to the coast are 
mostly planted to coconut mixed with banana and other crops). An article by Huesca (2016) on 
Mindanao in a book entitled Human Insecurities in Southeast Asia reports a World Bank study that 
banana plantation in these are threats on territorial and aquatic biodiversity due to chemical 
spraying. This same article also mentions a concern by Mindanao Development Authority that soil 
erosion causes natural habitat destruction. The report specifies banana plantation in Kapalong and 
Carmen, Davao del Norte. For these, the provincial framework plan requires that Davao del Norte 
will need to establish about 730 hectares of forest cover in order to maintain ecological balance. 
The crucial areas for these are in the upstream municipality of Santo Tomas and Kapalong.  
 
The DENR’s Protected Areas and Wildlife Bureau (now Biodiversity Management Bureau - BMB) 
National Wetlands Action Plan for the Philippines for 2011-2016 consider the Carmen wetland as 
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an inland wetland. However, the land classification map for Davao del Norte indicates that these 
areas are Alienable and Disposable (A&D) lands (or lands that are titled or can be titled, and not 
public or forestlands) with only about 3 hectares classified as timberland in the Municipality of 
Carmen. This means this cannot be considered public lands (to be under management by DENR-
BMB) unless so declared or purchased back by the government from current owners. Furthermore, 
under the DA’s Strategic Agriculture and Fisheries Development Zones (SAFDZ), the whole of 
Davao del Norte is crop and fishery development zone (refer to Physical Framework Plan for Davao 
Region), and under the One-Town-One Product program, Carmen will specialize in production of 
animal feeds and Dujali on organic rice (See Figure 6.3). These plans apply to A&D lands under 
crop production. 
 

 
Figure 6.3: Egrets (white objects), common in most riceland in the Philippines, are 

also found in the area (photo from Google Earth Pro Streetview, Latitude:  

7.376601°; Longitude: 125.703269°) . 

6.4 Input for feasibility study and community questionnaire 

6.4.1 Quantification of co-benefits 

The exploration of co-benefits requires further detailed study in the feasibility phase. Each co-
benefit can be quantified using different valuation methods. The following sections provide an 
overview of possible methods.  

6.4.2 Water purification functions 
Wetlands with high biodiversity help purify water and provide habitat for fish, reptiles, birds and 
small aquatic invertebrates. In other words, wetlands provide natural water treatment service by 
filtering the run off such as sediment, excess nutrients and chemicals flow off of the land before it 
reaches open water. Nutrients are stored and absorbed by plants or microorganisms. Sediment 
settles at the bottom after reaching an area with slow water flow.  
 
Two methods of valuation can be used to estimate the economic value of wetlands’ water 
purification function depending on the use of the resource. First, one can use the cost of treating 
water from the wetland if water is being used for drinking purposes. Second, a production function 
method values water purification service as inputs in production of commercially marketed goods. 
For instance, the fishery value of wetland as a nature-based solution can be calculated by 
estimating the increased value of fish catch in an improved or restored wetland. A related and 
much complete method is the net factor income approach wherein the value of wetland is 
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estimated by subtracting the cost of inputs in producing marketed goods (e.g., fishery) from the 
value of outputs 

6.4.3 Water retention and flood risk reduction 
Wetlands act as a buffer for excess rain in our environment. When an area gets a lot of rain, the 
wetlands soak up excess water like a sponge. As a result, wetlands would potentially reduce 
flooding in nearby areas and provide a natural form of protection. This water retention and flood 
risk reduction services that wetland ecosystem provides can be valued through the avoided 
damage cost approach. The monetary value of water retention by wetland ecosystem can be 
estimated as the avoided cost of damage to property downstream.   

6.4.4 Sediment trapping 
The benefit of sediment trapping service from wetland ecosystem is realized through reduced 
siltation of river banks. The monetary value of this benefit can be measured through (a) dredging 
cost reduction, and (b) improved fishery productivity of river, which can be estimated using 
production function approach or net factor income method. 

6.4.5 Recreation (bird watching/fishing) 
Wetlands provide many opportunities for recreation activities such as fishing, bird watching, 
boating, etc.  Travel cost method (zonal and individual) is a revealed preference method of valuing 
benefits of a recreation site through observable behavior of recreation site (wetland) visitors.  The 
value of recreation site can be estimated from the number of visitors and the cost of travelling 
there. Travel costs to a site can be regarded as the price of access to the site.  Another method to 
value the recreation benefits from wetland is through willingness-to-pay in a contingent valuation 
method (CVM) survey.  This method asks visitors directly in a survey about their willingness to pay 
according to their satisfaction from visiting the site subject to their income constraints.   

6.4.6 Biodiversity and natural value 
Biodiversity is a complex concept of ecosystem condition that supports the delivery of ecosystem 
service to provide human welfare.  The CVM is considered the most appropriate economic 
valuation technique considering that benefits from biodiversity conservation, or biodiversity per se, 
arise mostly from non-use value. This involves household survey asking directly their willingness 
to pay in a program for wetland improvement or restoration contingent upon the hypothetical 
scenario of improving the wetland ecosystem biodiversity condition. 

6.4.7 Cross-cutting Valuation Method 
All valuation methods discussed above for various wetland ecosystem functions and condition 
require mostly collection of primary data or at least administrative data that are time consuming 
and need some financial resources to perform. To address these concerns, the benefit transfer 
method can be used wherein the existing value of wetland ecosystem function or service from 
original study site is transferred to the policy site of interest with some adjustments. Three benefit 
transfer methods applicable for the analysis: (1) unit value transfer, (2) value function transfer, and 
(3) meta-analytic value function transfer. 

6.4.8 Valuing Soil Erosion 

6.4.8.1 On-site soil erosion 

Soil erosion affects productivity on-site.  The monetary value the on-site impacts on soil erosion 
can be estimated in two ways: (1) replacement cost approach, and (2) change in productivity or 
opportunity approach to account the cost of production.  The replacement cost approach assesses 
the cost of fertilizer equivalent that should be replaced for the nutrient lost through erosion. The 
change in productivity, on the other hand, determines the yield or net income changes with and 
without soil conservation or nature-based strategy. 
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6.4.8.2 Off-site soil erosion 
As recommended in the literature, one can use the watershed approach as the unit of analysis in 
the off-site impact assessment of soil erosion. At the watershed level we value the off-site impacts 
(or benefits) of NbS in terms of sediment control. The ideal valuation method for this regulating 
type of ecosystem service is by using econometric model or process-based models, e.g., Soil and 
Water Assessment Tool (SWAT) and Integrated Valuation of Ecosystem Services and Tradeoffs 
(InVEST) (Sharp et al 2016). However, in case time and input data constraints are limiting the use 
of econometric and process-based models, the benefit or value transfer method can be used to 
estimate the off-site impacts instead. The value of sediment control ecosystem service at the policy 
sites can be estimated as: 
 
 Value(Policy Site) = Value(Study Site) * Watershed Area(Policy Site) 

 
The Carmen wetland appears to be part of a larger floodplain that resulted from long-term erosions 
that occurred over a long period. A check in Google Earth Pro indicates that the elevation of the 
wetland is lower than its surrounding areas (see Figure 6.4). Based on the hydrology report of IPIF, 
the Tuganay river, which overflow to the said wetland, start in the upstream of the municipality of 
Sto. Tomas while Tagum river which contribute to downstream flooding originate in the uplands of 
municipality of Kapalong and part of Asuncion. Both meanders to the floodplains which include 
mostly the Municipality of Dujali and Carmen, and both are silted or obstructed by water hyacinths. 
An in-depth analysis of soil erosion in the watershed is recommended to provide a more holistic 
and comprehensive approach to the problem of soil erosion.   
 

 
Figure 6.4: Red arrow points to low areas of the Ising wetlan d, about 5 masl 

versus 6 to 8 masl in downstream of Ising river.  

6.4.9 Developing land-use strategies 
The Department of Agriculture rice suitability map indicate that this area is moderately to marginally 
suitable for rice production.5 The limiting factors are soil fertility and soil texture. The DA’s fertility 
map also indicates the area is mostly moderately low in terms of fertility. An analysis of the threats 
to the Ising wetlands should be carried out to develop necessary conservation and protection 

 
5 Most farmers plant inbreed rice with average production of 5 to 6 metric tons per hectare. A model farmer in the nearby 

municipality of New Corella, was able to produce 10.2 metric tons per hectare using US-88, a hybrid rice variety 

(Source: https://businessmirror.com.ph/2018/01/15/davao-del-norte-farmer-wins-da-award-for-high-yield-rice-harvest/). 
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strategies in combination with the most appropriate land use. The analysis should encompass land 
classification, land suitability, current land use and land use policies, both local and national. This 
can help in developing strategies to increase the value of the Ising wetland in providing ecosystem 
goods and services, particularly in reducing flood risks and damage. Strategy definition should 
involve the LGU, concerned stakeholders, and relevant government agencies.  
 
Textbox 6.1: Summary of impact of NbS on main issues in the basin including co-

benefits. 

Impact of NbS 
 

Main issues in the basin 
 
Waterlogging due to a lack of drainage, river flooding and flooding as a result of Typhoons 

- Casualties 

- Flood damages 

- Damages to agricultural production and goods 
 
Erosion and bed incision 

- Damages to properties 
 
Human induced issues include mining and quarrying activities, resulting in erosion and 
siltation, and a lack of solid waste management. The basin is situated in one of the poorest 
regions of the Philippines. 
 
Impact of proposed NbS on issues in the basin 
Land use planning, construction of bridges and culverts, reviving the Ising river and wetland 
revival is expected to significantly reduce waterlogging, river flooding and erosion issues, as 
there will be more drainage capacity in the system and more retention areas that can reduce 
flood peaks. The decrease in especially waterlogging will reduce damage to houses, as well 
as to agricultural yield. Furthermore, the biodiversity will significantly increase, also improving 
recreation opportunities.  

Co-benefits 

- Water purification 

- Sediment trapping 

- Recreation (bird watching/fishing) 

- Increases agricultural production (due to reduced waterlogging) 

- Biodiversity and natural value. 
 

 

6.5 Topics for community questionnaire 

• Land-use planning: potential for sustainable cropping schemes and alternative crops (in 
relation to banana farming (why here?) and to reverting land back to wetland/river area? 
What are alternative livelihood options?; 

• Explore inland fishery production in the wetland, and feasibility of inland recreation fishing 
along with dining/restaurant (similar to Uma sa Taba Resort downstream in Bagay Taba, 
Carmen); and 

• Explore whether and how the local community can be involved in maintaining the wetlands 
and culverts, e.g. how to avoid clogging of the culverts with solid waste.  
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7 Conclusions and recommendations 

Generic conclusions 

Including nature and nature-based solutions into management of rivers and coasts is a field with 
global attention. Although an increasing number of projects that strive to nourish ecosystem 
functions and natural areas, are implemented, this line of work is no common practice yet, due to 
amongst others lacking generic guidelines and rules, and a small evidence base. Especially, NRM 
integrates multiple river functions and works from a basin perspective, is hampered by institutional 
and legislation constraints. Agencies have their own mandate and evaluation metrics that often 
focus on a single function and on smaller time and spatial scales. On the long-term, to fully utilize 
and integrate ecosystems into infrastructure planning requires transformational change in the way 
economic benefits of projects are now assessed and in our attitude against natural hazards.  
 
In this study, we use the NRM approach to assess flood and erosion problems in six river basins 
in the Philippines. For all basins, Room for the River was taken as a strategy for comparison, 
focusing on low interference with natural river dynamics and allowing space for the river to overflow 
on the floodplains during peak discharges. Also, a risk-based approach was advocated, focusing 
hard interventions on areas with vital assets or many people. For three basins specific sites were 
selected, where we went through an assessment process with multiple stakeholders and experts 
to come through optimal interventions. As a basis for this and working from the NRM principles, a 
basin perspective to local problems was adopted and multiple objectives were integrated in the 
evaluation of alternatives.  
 
For each basin, characteristics and problems were identified for upstream, midstream and 
downstream. Main problems identified in upstream sections consisted of deforestation and land 
use practices that increase probability on landslides. Therefore, for all upstream areas, reforesting 
and adapting land-use management is considered the most effective management strategy. There 
is a need to better facilitate, reinforce and control these strategies. In the midstream, most rivers 
experienced effects from heavy quarrying. The quarrying can potentially result in bed incision, 
erosion of river banks and lowering of ground water tables. Limiting quarrying activities and 
installment of quarrying facilities that are owned by local municipalities is strongly advised. 
Quarrying activities should be accompanied with a monitoring program that focus on maintaining 
morphological quality of the river. Several rivers show signs of straightening and channelization in 
the midsection. To reduce downstream flood peaks, it is strongly recommended to maintain length 
of the river flow path in the midsections. Also, maintaining surface roughness to slow overland flow 
is important here.  
 
In the midstream and downstream sections, there are examples of narrow bridges that block river 
flow during peak discharges and thereby cause flooding upstream of the bridge. It is recommended 
to extent the width of multiple bridges to avoid blockage of the river and collapsing bridges. In many 
basins, population pressure is highest in the downstream. Flat coastal plains and increasing sea 
level hinder river discharge and can result in combined events with high water levels, high 
discharges and high rainfall that result in urban flooding. River mouths are often mobile and 
management of mobile river mouths in densely populated areas poses a major challenge. In 
several areas it can be explored to fixate the river mouth at one side and leave space for flood 
waters, flood plains and mangroves on the other side. Living too close to the coast makes coastal 
communities vulnerable but is often linked to livelihood practices such as fisheries. Several good 
practices are available to increase resilience of coastal communities. Stakeholder involvement and 
consultation is a key element here to come up with interventions that benefit all people that live in 
these areas.  
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Conclusions for the three basins 

In every basin, different NbS were recommended, indicating that the selection of suitable NbS 
highly depend on context specific factors, such as type of flooding, inhabitants and natural state of 
the river. The current study showed that there is large potential for NbS in the examined river 
basins. Although NbS upstream of the hotspot area were preferred to reduce flooding, from a 
physical perspective, upstream implementation was not always feasible, e.g. due to a lack of 
space. The downstream area of the Buayan – Malungon river basin could be a flagship project for 
Room for the River strategies in the Philippines. The Abra river basin has potential to be the first 
basin implementing a ‘smart’ adaptive quarrying strategy, implying that quarrying will be used to 
reduce river bank erosion and flooding, instead of constructing grey infrastructure. In the Tagum-
Libuganon, the combination of (revival of) wetlands with either retention areas or buffer zones 
increases drainage capacity and reduces pluvial and fluvial flooding. Besides the impact of these 
wetlands on reducing flood risk, wetland restoration may improve water quality and biodiversity in 
the area. This can turn into enhanced environmental quality of the whole area and of the local 
agriculture practices. The more elaborate analysis for the Buayan – Malungon showed that 
considering the co-benefits of solutions, provides better decision-support information. The MCA 
executed there, indicated that a more comprehensive list of indicators, representing multiple co-
benefits, could lead to different outcomes.  
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A. Nature-based solutions for flood risk management 

A.1 Floodplain widening  

Driver: Flood retention / Nature 

Where: Middle course / lower course 

Function: 
- Flood safety / Nature 
Co-benefits:  
- Aesthetical value 
Disadvantages: 
- Requires enforcement 
- Requires maintenance 
- Requires space 
 
Description of the measure 

Natural flood plains are areas that are regularly flooded by the river, thus providing a buffer during 
high flows. Many flood plains have been lost to urban areas or agricultural purposes or have been 
separated from the river by channelization. Restoring flood plain width results in a larger 
conveyance capacity, leading to lower high-water peaks. Moreover, wider floodplains increase 
natural value of the river by offering more room to flood plain forests and associated species. This 
measure is often less suitable in urban areas, because of the low availability of space. Also, 
agricultural areas might be less suitable; the cost-efficiency of the measure might decrease due to 
land acquisition costs. 
 
Short-term effects 

Local flood plain widening increases local discharge capacity and thereby leads to lowered local 
water levels during high discharges. The exact discharge at which the effect becomes visible, 
depends on the discharge at which floodplains are flooded naturally (bankfull discharge). If the 
bankfull discharge is higher than the desired discharge at which flood plain widening becomes 
effective in lowering water levels, floodplain lowering can be considered. However, impacts on 
erosion and sedimentation should be studied when floodplain lowering is considered.  
 
Long-term effects 

On a longer time scale, the water level lowering can decrease due to sedimentation upstream and 
along the widened flood plain. A widened flood plain leads to less discharge through the main 
channel, with sedimentation (bed level increase) in the main channel as a result. Therefore, water 
levels will increase again on the long term. Whether or not the net effect is a lowered water level 
over the full reach, depends on local characteristics and requires research before implementation. 
 
Operation and maintenance requirements 

Floodplain widening often involves reverting urban or agricultural area back to a more natural area. 
Gradual reduction of the effectiveness due to sedimentation might necessitate maintenance in the 
form of dredging or excavation of the main channel. Enforcement might be needed to maintain 
flood plains and avoid different land use. 
 

Examples 

- Restoration of floodplains of the River IJssel, The Netherlands 
- Danube floodplain restoration6  

Implementation costs ($-$$$) Maintenance costs 

$ $ 

 
6 http://www.interreg-danube.eu/approved-projects/danube-floodplain 

Figure A.1. Widened floodplain at Zwolle, The 

Netherlands 
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A.2 Retention areas 

 
Driver: Flood retention 

Where: Middle course / lower course / urban areas 

Function: 

- Flood safety / water supply 
Co-benefits: 

- Possibility to restore natural values 
- Possibility to restore recreational values 
- Beneficial for water storage and supply 
- Decrease urban heat effect 
- Increase Water Supply 
Disadvantages: 

- Requires space 
 

Detailed description 
In many cities, a large fraction of the surface consists of impermeable materials (asphalt, concrete). 
This prevents (pluvial) water from infiltrating which reduces the natural storage capacity of the area 
and increases direct run-off resulting in higher pluvial flood levels in urban areas. Urban retention 
areas are designed to store water during (extreme) rainfall events. Retention areas are often ponds 
with additional storage capacity but can also consist of a (vegetated) depression which is usually 
dry but allows for storage and infiltration during heavy precipitation. This measure is made greener 
by adding vegetation to improve permeability.  
 
Fluvial retention areas are often designed to store water during extreme discharge events. 
Increased storage during the first stage of the flood wave has negligible effect, while storage just 
before the top of the wave gives maximum effect (Jansen et al, 1979), due to retardation of storage. 
The moment of inflow of a retention area can be taken into account in the design of the retention 
area. Additionally, the location of a fluvial retention area should be considered. The retention area 
lowers the water level for areas downstream, so for maximum effect a retention area should be 
installed upstream of vulnerable areas. A fluvial retention area can be combined with natural 
retention areas like wetlands to increase the capacity and making it a greener measure.   
 

Operation and maintenance requirements 

A retention area generally has a low maintenance requirement. If the retention area always 
contains water, measures might be needed to ensure the water quality. Also, the outlet should be 
checked regularly (for example after a flooding event or once per year) to prevent blocking of the 
outlet by vegetation or waste. 
 
Examples 
- Fourth Ward Park, Atlanta, USA (urban)7  
- Retention area Volkerrak-Zoommeer, The Netherlands (fluvial)8  
 
Implementation costs ($-$$$) Maintenance costs 
$/$$ $ 

 
  

 
7 http://www.h4wpc.org/ 
8 https://www.ruimtevoorderivier.nl/english/ 

Figure A.2: Retention basin in Atlanta, USA 

http://www.h4wpc.org/
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A.3 Wetland restoration 

 
Driver: Flood retention/ Erosion reduction/ 

Where: Middle course / lower course  

Function: 

- Flood safety / Erosion reduction 
Co-benefits: 

- Restore natural values 
- Restore recreational values 
- Improve water quality  
Disadvantages: 

- Requires space 
 
 

Detailed description 

Wetlands are natural retention areas along the rivers acting as buffers, soaking up and storing a 
significant amount of floodwater. Wetlands also control erosion and improve water quality. Coastal 
wetlands and mangroves further serve as storm surge protectors during extreme weather and 
mitigate coastal erosion. In many areas, wetlands are encroached on by urban and agricultural 
development reducing buffer capacity. Restoring natural wetlands reduces local erosion and flood 
frequency and intensity downstream with the additional benefit of improving water quality. 
 
Short-term effects 

Restored wetlands and mangroves may require some time to establish. 
 

Long-term effects 

Once established, the additional buffer from these wetlands would result in reduced water levels 
downstream. Locally, erosion is reduced and water quality is improved. 
 
Operation and maintenance requirements 

An established wetland and mangrove forest have generally low maintenance requirements. 
 
Examples 
- Minnesota State Wetland Program, USA9 
- Tomago Wetland restoration, AU10 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
9 https://www.dnr.state.mn.us/eco/wetlands/index.html 
10 http://www.wrl.unsw.edu.au/research/tomago-wetland-restoration-project 

Implementation costs ($-$$$) Maintenance costs 
$/$$ $ 

Figure A.3: Tomago Wetland, AU 

https://www.dnr.state.mn.us/eco/wetlands/index.html
http://www.wrl.unsw.edu.au/research/tomago-wetland-restoration-project
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A.4 Embankment removal 

 
Driver: Flood retention  

Where: Upper/middle/lower course 

Function:  
- Flood safety / Nature 
Co-benefits: 

- Decrease erosion (restore sediment balance) 
- Aesthetical value 
Disadvantages: 

- Can lead to increased bed levels 
 
Description of the measure 

Artificial embankments are built along rivers to prevent flooding and erosion of adjacent lands. 
Fixing the banks limits the river’s natural movements, leading to degradation of the river, increased 
flow velocities and decreased biodiversity. Forcing the river into a smaller main channel, leads to 
increased river bed incision and lower river and groundwater levels in many cases (REFORM, 
2015). Lateral connections to the floodplains are further inhibited by embankments, leading to a 
lower storage capacity.  
 
Partially or fully removing embankments restores the river’s natural dynamics and values 
alleviating the aforementioned consequences. Partial embankment further has the benefit of 
diverting overflow away from valuable assets on the embanked river side. Bank removal is a 
prerequisite for other measures, like re-meandering. “Green alternatives” such as natural sloping 
green banks are preferable, but grey measures might be unavoidable in case of strong hydrological 
constraints. 
 

Short-term effects 

Removing (high) embankments increases storage, thereby lowering downstream water levels. 
Significant removal of embankments results in a larger river width and a lower water depth, which 
may be unfavourable for navigation purposes. The increased variety of flow regimes offers 
changes for different habitat types to develop, increasing natural as well as aesthetical value of 
the river. 
 
Long-term effects 

Earlier flooding of the floodplains decreases bed erosion during high discharge, when erosion is 
often most profound. This causes the bed level to stabilize or even increase. Increased deposition 
leads to increased water levels on the long term. 
 
Operation and maintenance requirements 

Increased sedimentation might cause the need for regular dredging. The frequency of this 
maintenance depends on local characteristics. 
 
Examples 

- Upper Drava River, Austria11 
- Moizari River, Japan 12 
 

Implementation costs ($-$$$) Maintenance costs 

$ (removal) $$$ (retreat) 0 (removal) $ (retreat) 

 
11 http://wiki.reformrivers.eu/index.php/Drava_-_Kleblach) 
12 http://www.a-rr.net/jp/en/waterside/domestic/docs/03-0005Eng.pdf) 

Figure A.4: Partial removal of river embankment  

http://wiki.reformrivers.eu/index.php/Drava_-_Kleblach
http://www.a-rr.net/jp/en/waterside/domestic/docs/03-0005Eng.pdf


 

 

   

11204073-002-ZWS-0001, September, 2020 

   

95 
 
Nature-based solutions in Philippine river basins 

A.5 Meander restoration 

 
Driver: Flood retention  

Where: Middle course 

Function: 

- Flood safety / Nature 
Co-benefits: 

- Decrease erosion (restore sediment balance) 
- Aesthetical value 
- Improved water quality 
Disadvantages: 

- Requires space 
- Requires enforcement 
 
Detailed description 

A river meander is a U-bend formed by the river, allowing it to decrease water velocity. In the past, 
rivers have been straightened by cutting off meanders to, for example, facilitate shipping or to gain 
land for cultivation. Meander restoration can either consist of creating a new meandering course 
or of reconnecting cut-off meanders. Due to the increased river length, the storage capacity of the 
river increases, and flow velocities decrease, thus lowering downstream flood levels on a short 
term. Meander restoration often also has a positive impact on sedimentation, slowing down bed 
degradation, and on biodiversity, by providing a range of aquatic and riparian landscapes.  
 

Short-term effects 

Meander restoration increases buffer capacity, thereby lowering flood levels. Due to the increased 
length, the water level slope decreases. 
 
Long-term effects 

The decrease of slope leads to lower flow velocities and increased sedimentation. In time, the river 
will adjust to the new slope by increasing its bed levels. This also causes increased water levels. 
On the longer term, dredging might be needed to maintain lowered bed levels and water levels. 
 
Operation and maintenance requirements 

Restored meanders often do not require maintenance. However, if a meander is artificially created, 
maintenance might be required to keep the entrance open (dredging). Research on the natural 
river behavior prior to construction is advised. 
 

Examples 

- Floodplain restoration and re-connecting of oxbows in the Morava River, Slovakia13 
- Winding streams restoration in the Shibetsu River, Japan14 
 

Implementation costs ($-$$$) Maintenance costs 

$$ $ 

 
13 http://nwrm.eu/case-study/restoration-oxbows-and-floodplains-morava-river-slovakia 
14 http://www.a-rr.net/jp/en/waterside/domestic/docs/03-0006Eng.pdf 

Figure A.5: Restored meander in the Morava 

River, Slovakia 

http://nwrm.eu/case-study/restoration-oxbows-and-floodplains-morava-river-slovakia
http://www.a-rr.net/jp/en/waterside/domestic/docs/03-0006Eng.pdf
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A.6 Zonation/Building codes 

 

Driver: Flood safety 

Where: Urban 

Function:  
- Flood safety 
Co-benefits:  
- Possibly restore natural value 
- Possibly restore recreational value 
 
 

 

 

 

Description of the measure 

Zonation/Building codes is a land use management measure which focuses on residential areas. 
By implementing building codes, local authorities can decide which buildings and land uses are 
allowed near the river. This ensures that houses and important buildings are located outside the 
reach of a flood, so the risk of flooding is reduced. Note that the local authorities must determine 
which flood levels are accounted for in the zonation. There are multiple ways of implementing 
zonation, ranging from loose enforcement that only applies to the construction of new houses and 
buildings, to strict enforcement that ensures existing land use also changes. The impact and 
expenses of this measure depend on the chosen approach.  
 
Short-term effects 

The flood risk decreases, so the amount of damage during a flood decreases. 
 
Long-term effects 

This measure has no effect on the riverine system. However, on the long-term existing land uses 
can slowly be changed, for instance in combination with land use management. 
 
Operation and maintenance requirements 

This measure needs enforcement, which makes sure that residents comply with the zonation. 
 
Examples 

- Changing buildings codes for hazard reduction, The Philippines15  
- Relocation to reduce flood risk in Kinston, USA16 

 
 
 

  

 
15 http://www.worldbank.org/en/news/feature/2016/06/27/mainstreaming-risk-reduction-in-the-national-building-code 
16 https://www.fema.gov/media-library-data/20130726-1515-20490-7614/kinston_cs.pdf 

Implementation costs ($-$$$) Maintenance costs 

$ $ 

Figure A.6: Reducing flood risk by removing 

residential structures from floodplains in the 

USA 

http://www.worldbank.org/en/news/feature/2016/06/27/mainstreaming-risk-reduction-in-the-national-building-code-protecting-lives-and-property-from-disaster-risk-in-the-philippines
https://www.fema.gov/media-library-data/20130726-1515-20490-7614/kinston_cs.pdf
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A.7 Elevating houses 

 
Driver: Flood safety 

Where: Middle course / lower course 

Function: 

- Flood safety  
Co-benefits: 

Disadvantages: 

- Requires space 
- Requires enforcement 
 
 
 

 

 

 

 

Detailed description 

Communities on the flood plains are susceptible to flooding. Elevating these communities on stilts 
or on constructed mounds reduces overall exposure to the hazard.  
 

Short-term effects 

Applying this measure instantly reduces community exposure and vulnerability to flooding. 
 
Operation and maintenance requirements 

Elevating communities is costly and would require regular inspection and maintenance in case of 
structural instability of the mounds and stilts. 
 
Examples 

- Overdiepse Polder, NL17 
 

 
 

 
 
 
 
  

 
17 https://www.ruimtevoorderivier.nl/river-widening-overdiepse-polder/ 

Implementation costs ($-$$$) Maintenance costs 

$/$$ $$ 

Figure A.7: Lifting up communities 

https://www.ruimtevoorderivier.nl/river-widening-overdiepse-polder/
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A.8 Reviving old channels 

 
Driver: Flood retention 

Where: Middle course / lower course 

Function: 

- Flood safety 
Co-benefits: 

- Decreases bed degradation 
- Possibility to restore natural values 
Disadvantages: 

- Requires space 
 
 
 
Description of the measure 
Reviving old channels is specifically meant for increasing local discharge capacity. This measure 
is especially effective in reducing local water levels, and when no storage is added by this measure, 
the direct downstream effects will be marginal. Although a side channel requires space, it also 
offers opportunities for recreation or nature value recovery. 
 
Short-term effects 
A side channel effectively increases discharge capacity. Therefore, local flood levels decrease. 
The effect on downstream water levels however, is neglectable. 
 
Long-term effects 
As flow velocities generally decrease by construction of a side channel, certain locations will be 
subject to increased sedimentation. Increased sedimentation will occur at the entrance of the side 
channel. Also, a sedimentation front will develop in the main channel at the upstream end of the 
measure. This front progresses in downstream direction, and dredging might be required to prevent 
increased bed levels. Sedimentation in the side channel itself is often prevented by construction of 
a (submerged) sill that blocks sediment supply. 
 
Operation and maintenance requirements 
Maintenance requirements of a side channel depend on the way of construction of a side channel.  
 
Examples 
- Side channel at Nijmegen Lent, The Netherlands18 
- Reconnecting a side channel in the Danube River, Hungary19 
 
Implementation costs ($-$$$) Maintenance costs 
$$$ $ 

 

 
18 https://www.ruimtevoorderivier.nl/room-for-the-waal/ 
19 http://wiki.reformrivers.eu/index.php/V%C3%A9n_Duna_-_side_arm_reopening 

Figure A.8: Reconnected side channel in the 

Danube River, Hungary 

https://www.ruimtevoorderivier.nl/room-for-the-waal/
http://wiki.reformrivers.eu/index.php/V%C3%A9n_Duna_-_side_arm_reopening
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A.9 Removing Obstacles 

 

Driver: Flood retention 

Where: All 

Function: 

- Flood safety 
Co-benefits: 

- Possibility to restore natural values  
Disadvantages:  
- Requires regular maintenance  
 
 

 

 

Description of the measure 

Obstacles in the flow area can consist of objects in the main channel (bridge pillars, piers, groynes), 
or in the flood plain (bridge pillars, buildings, vegetation). Regular vegetation removal (mowing) in 
the flood plain can be seen as obstacle removal. By removing (part of) these obstacles, local 
conveyance capacity increases, leading to locally lowered water levels.  
 
Increasing the smoothness of the flood plain or main channel increases local discharge capacity 
and leads to lowered local water levels. At the same time, decreased flood wave damping 
increases downstream water levels. The lowered local water level leads to a steeper water level 
gradient, with the possible effect that upstream erosion increases, thereby endangering upstream 
construction works such as bridge piers. 
 
Removal of obstacles is mainly advised at locations where discharge capacity needs to be 
increased but the available space is limited. 
 
Short-term effects 

The local water level is lowered due to increased conveyance capacity. Due to the increased 
propagation speed of the flood wave, downstream flood levels increase. 
 
Long-term effects 

A lower water level always leads to a steeper water level gradient, thereby increasing upstream 
erosion.  
 
Operation and maintenance requirements 

In case of floodplain smoothing by removing vegetation, regular maintenance is needed to keep 
the floodplain smooth. In case of removal of for example bridge piers, no further maintenance is 
required. 
 
Examples 

- Removal of an artificial elevated area from the floodplain of the Rhine River, The Netherlands20.  
- Cheonggyecheon River Restoration, South Korea21  
 

Implementation costs ($-$$$) Maintenance costs 

$ $ 

 

 
20 https://www.ruimtevoorderivier.nl/project/obstakelverwijdering-elst/ 
21 https://urban-regeneration.worldbank.org/Seoul 

Figure A.9: Remaining columns after highway 

removal, South Korea 

https://www.ruimtevoorderivier.nl/project/obstakelverwijdering-elst/
https://urban-regeneration.worldbank.org/Seoul
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A.10 Early-warning system 

Driver: Flood protection 

Where: All 
Function: 

- Flood safety 
Co-benefits: 

- No-regret measure 
Disadvantages: 

- 
 

 

 

 

 

 

 

Description of the measure 

When an area is prone to flooding, but the population density or economic value is low, the decision 
can be made not to increase flood protection measures. In this case a flood early-warning system 
can be designed to prevent casualties or economic damage. In densely populated (urban) areas, 
a flood early-warning system can be set up to mitigate economic damage in case of flooding. The 
advantage of an early-warning system is that negative effects of flooding are decreased, while the 
river system remains unchanged. Also, this is a relatively cheap measure. An early-warning system 
often combines an extensive monitoring system in combination with a runoff-model (Plate, 2007). 
Depending on the scale of the catchment and location within the catchment, it is advised to include 
the upstream sub-catchments within the monitoring and modelling system.  
 
Short-term effects 

An early-warning system limits economic damage and casualties by flooding. 
 
Long-term effects 

This is a no-regret measure with no effect on the riverine system. 
 
Operation and maintenance requirements 

An early warning system is often based on a network of observations and, possibly, a model. After 
set-up, little maintenance is required except for maintenance of measurement equipment and 
updating the model in case of changes in the system. 
 
Examples 

- Flood early-warning system in Metro Manila, Philippines 
- Community-based warning system in India22  
 

Implementation costs ($-$$$) Maintenance costs 

$$ $ 

 
22 https://unfccc.int/climate-action/momentum-for-change/activity-database/community-based-flood-early-warning-system-

india 

Figure A.10: Flood warning system in 

Metro Manila, The Philippines 

https://unfccc.int/climate-action/momentum-for-change/activity-database/community-based-flood-early-warning-system-india
https://unfccc.int/climate-action/momentum-for-change/activity-database/community-based-flood-early-warning-system-india
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B. Economic valuation approaches 

Table B.1. Economic quantification approaches derived from Burkhard and Maes (2017). 

Method Description Application to ES 

Market prices Prices for ecosystem services (ES) that 
are directly observed in markets 

ES that are traded directly in 
markets, such as food or 
timber 

Public pricing  Public expenditure or monetary 
incentives as an indicator of value 
(costs of watershed protection) 

ES for which there are public 
expenditures, such as water 

Defensive 
expenditure 

Expenditure on protection of 
ecosystems 

ES from protected 
ecosystems 

Replacement costs The costs of replacing ES with a man-
made service 

ES that have a man-made 
equivalent, such as 
replacing the flood protection 
characteristics of mangroves 
with a dike.  

Restoration costs Costs of restoring degraded 
ecosystems to ensure provision of ES 

Any ES that can be provided 
by restored ecosystems 

Damage cost 
avoided  

Estimate damage avoided due to 
ecosystem services (e.g. coastal 
protection by dunes) 

Ecosystems that provide 
storm or flood protection to 
houses or other assets 

Net factor income  Revenue from sales of environment 
related goods minus cost of other 
inputs 

Ecosystems that provide an 
input in the production of 
marketed goods 

Production function  Statistical estimation of production 
function for marketed goods including 
an ES input (e.g. soil quality as an input 
to agricultural production) 

Ecosystems that provide an 
input in the production of 
marketed goods 

Hedonic pricing Estimate influence of environmental 
characteristics on price of marketed 
goods 

Environmental 
characteristics that vary 
across goods (usually 
houses) 

Travel costs Travel costs and visit rates to estimate 
demand for recreation sites 

Recreation sites 

Contingent valuation  Ask people to state their willingness-to-
pay (WTP) for an ES through surveys 

All ES 

Choice modelling Ask people to make trade-offs between 
ES and other goods to elicit WTP 

All ES 

Group valuation Ask groups of stakeholders to state 
their WTP for an ES through group 
discussions 

All ES 

Value transfer Using the values of primary studies 
(see before) for other contexts. A 
division can be made between unit 
value transfer, value function transfer 
and meta-analytic function transfer. 

All ES 

 
  



 

 

 
 
 

 

Nature-based solutions in Philippine river basins 

 

11204073-002-ZWS-0001, September, 2020 

102 

C. How to make a flood hazard zone map 

Start with downloading the flood hazard maps from https://lipad-fmc.dream.upd.edu.ph/ for the 
basin you are interested in. Download all three maps available for the basin. These represent the 
effects of a flood occurring with a 1/5 per year frequency, a 1/25 per year frequency and a 1/100 
per year frequency. 
 
Open them in GIS (ArcGis, Qgis or any other GIS package) and merge the three in a way that all 
information on the flood frequencies and depths is stored (Union in ArcGIS). 
 
Now you have a polygon shape containing information for each area (polygon) on the flood depth 
in a 1/5 per year flood, a 1/25 per year flood and a 1/100 per year flood.  
 
For example, an area may not be flooded in a 1/5 per year flood, and has a flood hazard of 1 in a 
1/25 per year flood and a hazard of 3 in a 1/100 per year flood. 
 
The areas are reclassified according to the table below to generate 4 different flood classes. 
 

Table C.1: Flood hazards classification as been used for the flood risk assessment for the Buayan-Malungon basin.  

Flood hazard classification  New classification 
1/5 per 
year flood 

1/25 per 
year flood 

1/100 per 
year flood 

 

0  0  0  No flooding 

0  0  1  Low hazard flooding 

0  0  2  Low chance of medium to high hazard flooding 

0  0  3  Low chance of medium to high hazard flooding 

0  1  1  Low hazard flooding 

0  1  2  Low chance of medium to high hazard flooding 

0  1  3  Low chance of medium to high hazard flooding 

0  2  2  Medium to high chance of medium to high hazard flooding 

0  2  3  Medium to high chance of medium to high hazard flooding 

0  3  3  Medium to high chance of medium to high hazard flooding 

1  1  1  Low hazard flooding 

1  1  2  Low chance of medium to high hazard flooding 

1  1  3  Low chance of medium to high hazard flooding 

1  2  2  Medium to high chance of medium to high hazard flooding 

1  2  3  Medium to high chance of medium to high hazard flooding 

1  3  3  Medium to high chance of medium to high hazard flooding 

2  2  2  Medium to high chance of medium to high hazard flooding 

2  2  3  Medium to high chance of medium to high hazard flooding 

2  3  3  Medium to high chance of medium to high hazard flooding 

3  3  3  Medium to high chance of medium to high hazard flooding 

 
In which flood hazards are described as follows: 
 Flood hazard Flooding depth 

0 Not flooded - 
1 Low hazard  0.1 – 0.5 m 
2 Medium hazard  0.5 – 1.5 m 
3 High hazard > 1.5 m 

 

https://lipad-fmc.dream.upd.edu.ph/



