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INTRODUCTION

The Philippines is an archipelago whose islands are located on the western margin 
of the Pacific Ocean “Ring of Fire” and is undergoing mountain building through volcanic 
activities. The mountainous terrain includes mountain ranges and active volcanoes. Its 
geographic location being just north of the equator gives the country a moderate tropical 
climate suitable for crop production. However, the country is continuously threatened by 
natural and man-made hazards that resulted in loss of human lives and properties.

Basically, people live in a naturally formed hydrological unit called watershed. Of 
the total Philippine land area, about 70% is considered a major watershed which is found 
within 419 river basins all over the Philippine archipelago. However, its watersheds are 
naturally prone to environmental disasters due to several active faults, steep topography, 
poor vegetation cover and socio-economic pressures that contributed to the environmental 
disasters. Recent events such as the landslides in Ginsaugon, Leyte and Real, Quezon 
have highlighted the importance of identifying the vulnerability levels of our watersheds. 
If only development plans have identified vulnerability areas and included measures to 
reduce hazards, human sufferings and economic losses would have been avoided or 
reduced. 

In support to Agenda No. 2 of the 12-point agenda of then DENR Secretary Angelo 
T. Reyes, the Research Sector banner project on the vulnerability assessment of selected 
characterized watersheds in the country was conceptualized and formulated. Vulnerability 
assessment is an approach in identifying and determining the degree to which a system 
is susceptible to or unable to cope with adverse effects of natural hazards such as soil 
erosion, flooding, landslides, pollution, forest/grass fires, etc. or man-made (anthropogenic) 
hazards. It has been designed as a rapid planning and decision making tool for application 
to address issues on the vulnerability of watersheds in order to minimize the risk to 
environmental disasters. Therefore, it is hoped that familiarizing the planners with an 
approach for incorporating hazard management into development planning can improve 
the planning process in the Philippines thereby giving hope for sustainable development.

Natural events such as earthquakes, typhoons, and heavy rains can be hazardous 
and pose a major threat to human beings. Moreover, the effect may be aggravated by 
actions made by man that would likely increase the vulnerability or lack of action to 
anticipate and mitigate the potential damages of these events.
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Watershed is one of the basic life-supporting ecosystems that is threatened by 
the abovementioned environmental disasters (natural and man-made) because of its bio-
geophysical attributes and its socio-economic significance. Thus, in order to minimize 
its further destruction and degradation, assessing the vulnerability of a watershed to soil 
erosion, landslides, flooding, forest/grass fire and biodiversity loss is of utmost importance. 
The assessment can provide information in coming up with an integrated watershed 
management plan.

1.1   Purpose

The aim of vulnerability assessment is to provide the policy and decision-makers 
with science-based information on the magnitude and/or degree of vulnerability of a 
watershed to natural and anthropogenic hazards. It also analyzes and determines as to 
where and what interventions should be conducted as well as the strategies and methods 
to be applied. It is then a very important input to the formulation of an integrated watershed 
management plan. 

The goal is to ensure adequate protection from the environmental hazard, thus the 
process include identification of hazard, assessment of vulnerability and formulation of 
interventions to reduce possible damage or enhance the coping capacity of the system.

1.2   Scope

The scope of assessment covers hazards posing threat to various watershed 
resources as presented below:

Watershed Resource Hazard
Soil/Geology Erosion/Landslide
Vegetation Fire/Deforestation/Biodiversity Loss

Water Pollution/Flooding
Fauna Poaching/Biodiversity Loss
Human Flooding/Landslide
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1.3   Conceptual Framework

Vulnerability of watershed resources is dependent on natural forces (bio-physical 
attributes) and anthropogenic forces. Both forces can have aggravating or mitigating 
factors affecting the vulnerability of the resources. For example, in the case of vulnerability 
to forest/grass fire, the bio-physical attributes of the area may have an aggravating or 
mitigating effect. Grassland vegetation, dry spell, slope can aggravate the occurrence of 
fire while abundance of rainfall or a climate with an even distribution of rainfall can mitigate 
or minimize the vulnerability of the area to fire. As to anthropogenic forces, open access, 
farming systems and the like may aggravate fire occurrence while controlled access, 
proper management and other related activities may reduce vulnerability of the watershed 

to fire. This is reflected in the conceptual framework shown in Figure 1.

Figure 1. Conceptual framework in assessing vulnerability of watershed to hazards.
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FOREWORD

This manual was formulated to provide 
direction to DENR technical staff in the conduct 
of vulnerability assessment of watersheds. The 
watershed characterization report contains 
comprehensive inventories of the natural and 
social environment. Vulnerability assessment 
can provide more meaning to watershed 

characterization data in coming up with a responsive integrated watershed management 
plan. This provides watershed managers with the data and program to manage the 
complexities of the watershed. 

 Watershed characterization and vulnerability assessment requires an 
interdisciplinary approach to a complex problem. Vulnerability assessment enables one to 
understand the interrelationship of the watershed’s natural and social factors that magnify 
or intensify the effects of natural hazards. For example, inadequate agricultural practices 
on the slopes of upland sections of the watersheds may cause increased levels of erosion 
and increase vulnerability to flooding downstream. For sustainable development of the 
watershed, identification of the most frequent hazards taking place over the past few years 
in the area may play a vital role in assigning priorities. 

 The assessment of the natural resources, infrastructure facilities and anthropogenic 
pressures during the conduct of watershed characterization are the essential inputs for 
the vulnerability assessment in a watershed. In turn, the vulnerability assessment can 
be effectively utilized in the planning for the sustainable development of the watershed, 
conserving its natural resources and minimizing possible loss of lives and properties.

      MARCIAL C. AMARO JR., CESO III
           Director 
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PREFACE
 

This manual was initiated by the members 
of the vulnerability assessment (VA) research 
group headed by Dr. Antonio M. Daño with the 
support of Fe T. Ociones (Natural Resources 
Specialist), Juan B. Ebora (Socio-economic 
Specialist) and Alvin F. Olvida (GIS Analyst). 
It started as a set of guidelines to ERDS for 

conducting watershed vulnerability assessment. Revisions were made along the way 
during the elevation of the project into a banner program of the DENR Research Sector 
in 2007. 

The manual is the result of a series of revisions of the guidelines and as an offshoot 
of the technical symposium held in Panglao Island, Bohol province during the last quarter 
of 2009. The manual attempts to incorporate the various concerns/problems encountered 
during the implementation of the banner program. This guideline has seven (7) key parts 
that cover the following:

• Introduction. This outlines the purpose, scope and conceptual framework of 
the vulnerability assessment of watersheds.

• General guidelines

• Methodology in conducting vulnerability assessment. This chapter focuses on 
the step by step methodology in assessing the various hazards that include 
landslide, soil erosion, forest fire, flooding, water pollution and biodiversity loss/
deforestation.

• Guide in scaling of factors affecting vulnerability of watershed to hazards.

• Annexes. This portion includes suggested VA Outline Report; guide in assessing 
the adequacy of watershed characterization report (DMC 2008-05) and guide 
in GIS application using MANIFOLD software.
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This manual is a continuing document. It will need updating as new data and 
information become available. Suggestions to improve and update the contents are 
most welcome. It is with high hopes that this humble piece of work will help our DENR 
field personnel in integrating vulnerability assessment in watershed characterization and 
integrated watershed management planning.

      ANTONIO M. DAÑO, Ph.D.
        National Program Leader
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Definition of Key Terms

Bifurcation ratio indicates the absorption rate of the channel.

Characterized Watershed is a watershed comprehensively assessed by
 technical experts as to its biological, physical, socio-economic, and vulnerable  

characteristics from the forest land down to the coastal areas (as the case maybe) in 
order to have an understanding of and control over the various biological, physical and 
socio-economic processes in the watershed. 

Flood is a large quantity of water covering what is usually dry land, as the result of a river 
or sea flowing over its usual limits, the breaking of a dam, a tidal wave, or a strong wind 
which drives waves inland.

Floodmark is the highest level reached by a flood.

Geographic Information System (GIS) is a computer-based tool for mapping and 
analyzing spatial data. It integrates hardware, software, and data for capturing, 
managing, analyzing, and displaying all forms of geographically referenced information. 
GIS allows us to view, understand, question, interpret, and visualize data in many ways 
that reveal relationships, patterns, and trends in the form of maps, globes, reports, and 
charts.

Hazard is defined as a potentially damaging event or physical disturbance which can be 
categorized as natural (soil erosion, landslides, flood and drought) and man-made 
(deforestation, biodiversity loss, forest fire, and water pollution).

Integrated Watershed Management Plan is a holistic and collaborative land and other 
resource use interventions that would guide and organize the sustainable development 
and management of the various ecosystems (forest, grassland, upland, lowland, urban, 
coastal, and marine areas) in a watershed towards the attainment and optimization of 
the desired goods and services (environmental, socio-cultural and economic benefits) 
without affecting adversely soil and water resources. It considered the multiple natural 
resources and the relationship among land-use, soil, water and linkages between 
uplands and downstream areas. 

Landslide is the slipping down of masses of earth and rock from a hillside or cliff. It is 
a gravity-driven downslope movement of a slide mass composed of rock, soil and 
vegetation.

Map is a representation, usually on plane surface, of all or parts of the earth or some other 
body showing a group of features in terms of their relative size and position.

Risk is the possibility or likelihood of danger, disaster, harm or loss.

Soil erosion is the wearing away of the land surface by running water, wind, ice, or other 
geological agents, including such processes as gravitational creep. It is a process 
that involves the detachment and movement of soil particles by an agent and the 

subsequent deposition.
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Vulnerability is the degree to which a system is susceptible to or unable to cope with 
adverse effects of natural or man-made (anthropogenic) hazards.

Vulnerability Assessment is a profile discussing the relationship between natural 
and anthropogenic hazards and recipient subject (watershed). The vulnerability 
assessment identifies the strength and weaknesses of the recipient subject in relation 
to the identified hazard.

Watershed is a topographically delineated area of land from which rainwater can drain as 
surface run-off via a specific stream or river system to a common outlet point which 
may be a dam, irrigation system or municipal water supply take off point, or where the 
stream/river discharges into a larger river, lake or sea. It is the catchment area of a 
river system. It includes small watersheds with area of 10,000 ha and below; medium 
scale watershed with area of more than 10,000 ha to 50,000 ha; and large scale 
watershed with area above 50,000 ha. 

Watershed Characterization is an activity that involves the gathering of information 
describing the bio-physical and socio-economic condition of a watershed from the 
forest down to the coastal areas (as the case may be) and determination of issues, 
vulnerability, and opportunities for development interventions in order to have an 
understanding of and control over the various biological, physical and socio-economic 
processes in the watershed.
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ACRONYMS
A & D - Alienable and Disposable
ANR - Assisted Natural Regeneration
BSWM - Bureau of Soils and Water Management
BSWM-DA - Bureau of Soils and Water Management-Department of Agriculture
CADC - Certificate of Ancestral Domain Claim
CALC - Certificate of Ancestral Land Claim
CAR - Cordillera Autonomous Region
CBFMA - Community-Based Forest Management Agreement
CDMP - Comprehensive Development and Management Plan
DAO - DENR Administrative Order
DBH - Diameter at Breast Height
DENR - Department of Environment and Natural Resources
DENR MC - Department of Environment and Natural Resources Memorandum Circular 
ENSO - El Niño Southern Oscillation
ESRI - Environmental Systems Research Institute
FAO - Food and Agriculture Organization
FGD - Focus Group Discussion
GAD - Gender and Development
GIS - Geographic Information System
GPS - Global Positioning System
IFMA - Integrated Forest Management Agreement
IPCC - Intergovernmental Panel on Climate Change
IWMP - Integrated Watershed Management Plan
LC - Land Classification
LGUs - Local Government Units
LMU - Land Management Unit
MGB - Mines and Geosciences Bureau
NAMRIA - National Mapping and Resource Information Authority 
NGOs - Non-Government Organizations
NIPAS - National Integrated Protected Area System
PAGASA - Philippine Atmospheric, Geophysical and Astronomical Services Adminstration
PAR - Philippine Area of Responsibility
PHIVOLCS - Philippine Institute of Volcanology and Seismology
SAV - Surface-Area-to-Volume
SIFMA - Socialized Integrated Forest Management Agreement
SWOT - Strengths, Weaknesses, Opportunities and Threats
TSI - Timber Stand Improvement
USDA - U. S. Department of Agriculture
USLE - Universal Soil Loss Equation
VA - Vulnerability Assessment
WMPT - Watershed Management Planning Team
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GENERAL GUIDELINES

The following considerations should be looked into in the conduct of vulnerability 
assessment studies (Daño et. al. 2007): 

• There are no hard rules that restrain ingenuity or getting into deeper and more 
scientific approach in vulnerability assessment. The approach contained in 
this manual involves assigning values to qualitative factors (slope, land use, 
rainfall, fault lines, attitudes, etc.) or indicator values to quantitative factors.

• Form your multidisciplinary team. The team should be composed of specialists 
from various fields (natural sciences, biological and social sciences).

• As a team, review the sufficiency of the characterization documents. If there are 
lacking documents, make a schedule of field activities to fill the gap. Common 
deficiency of documents include vegetation survey properly presented in 
biodiversity indices, importance value and other indicators; hydrology, social 
indicators like attitudes and perceptions, etc.

• Level off; determine the hazards in the watershed. Hazards for assessment 
include landslide, flood, fire, pollution, biodiversity loss/deforestation and 
others which the team found relevant.

• Determine the factors that influenced the vulnerability or the characteristics of 
the watershed which aggravate or lessen the effects of the hazards (strengths 
and weaknesses of the watershed). 

• Make a date with history and look around, review past occurrences and similar 
situations nearby that show similar patterns.

• Secure all the thematic maps from the GIS unit, request the unit to produce the 
thematic map if not yet available. The maps are important outputs in watershed 
characterization. The following maps must be available:

• watershed/drainage

• administrative

• climatic 

• typhoon frequency 

• elevation 
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• soil

• geologic

• fault line 

• slope (must be derived from a 20 m contour interval map)

• land use/vegetative 

• land classification 

• other maps like population and infrastructure can be validated during the
 field visits  

•	 Assign numerical scores for each item based on the weights or importance of 
the factor, referring to literatures, interviews, focus group discussions (FGDs), 
direct observations, etc. The team should deliberate on numerical assignments 
if necessary and whatever value assigned must be a consensus value.

•	 Determine the vulnerability of the watershed to natural and anthropogenic 
hazards (landslide, flood, fire, deforestation/biodiversity loss, pollution, etc.) 
based on the results of numerical scores of the various factors used in the 
analysis. The following scale is recommended: 1 – slightly vulnerable (low 
vulnerability), 2 – fairly vulnerable, 3 – moderately vulnerable, 4 – highly 
vulnerable, 5 – very highly vulnerable. For uniformity, use the following colors: 
green (low vulnerability), light blue (fair vulnerability), dark blue (moderate 
vulnerability), yellow (high vulnerability) and red (very high vulnerability).

•	 Conduct consultations or workshops in coming up with mitigating measures to 
address the hazard and in coming up with policy recommendations.

•	 Prepare a report on the assessment (see suggested tentative outline of report 
in Annex 1). The most important part of the assessment is the formulation of the 
mitigation measures which shall serve as important output in the development 
of the detailed watershed management plan.

2.1    Points for GAD concerns in Vulnerability Assessment

a)	 Activities/roles/responsibilities specific to men, women and children.

b)	 What are the attributes (skills, education, age distribution, etc.) that may 
affect welfare in terms of gender?

c)	 Based on the state of vulnerability, what are the implications of the activities, 
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causes and effects on specific gender group and their welfare?

d)	 What are the coping mechanisms (disaster brigades, warning systems, 
preparedness drills)?

e)	 What are the roles of institutions (DENR, LGUs, NGOs, etc)? What needs 
to be done?

2.2.    Climate Change and Vulnerability Assessment

Climate change and variability has become a major public and political issue 
during recent years. It is a national concern since climate change affects all aspects of 
human life. Climate in the Philippines is influenced by the complex interactions of several 
factors. Extreme climate conditions form an inherent component of the country’s climate 
system; these could cause natural disasters that could devastate the country’s economy 
and environment or result in loss of lives and damage to properties. Studies revealed 
that more than 50% of the annual rainfall in the Philippines could be attributed to tropical 
cyclone occurrences. On the average, 19 to 20 tropical cyclones enter the Philippine Area 
of Responsibility (PAR) annually. The minimum occurrence was in 1998 with 11 tropical 
cyclones and the maximum was in 1993 with 32.

An attempt to initially investigate possible effects of climate change/variability to 
watersheds serving multi-purpose dams in the Philippines indicated a generally increasing 
trend of yearly temperature at representative stations. The inter-annual variations of 
yearly and seasonal rainfall, however, indicated geographic patterns of trends. There is a 
tendency to believe that the trends exhibited by the mentioned parameters are associated 
with some shifting in the global circulation patterns. Effects of other factors such as land use 
changes, increase in population, and other non-climatic factors to such trends, however, 
cannot be discounted (Jose and Cruz 1999).

The global adverse impacts of the unusual climatic anomalies that occur 
simultaneously with El Niño Southern Oscillation (ENSO) events have been among the 
primary concerns confronting researchers. Common reported probable scenarios under 
climate change include:

• Increase in magnitude of floods, number of typhoons and drought

• Change in rainfall and temperature

Major types of disasters associated with ENSO related extreme climatic events 
resulting in huge losses in the environment sector include mass movements/
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landslides, floods and forest fires. Aside from the mentioned disasters, climate change 
also affects the biodiversity in the watershed. 

Climate change and variability analysis were given less emphasis during the first 
three years of the program due to absence of climatic data in the watershed. In putting 
emphasis on the impact of climate change in vulnerability assessment of watersheds, it 
is important to understand the nature of the risks from climate change, where natural and 
human systems are likely to be most vulnerable, and what may be achieved by adaptive 
responses (Figure 2). 

In doing so, the following are suggested to incorporate climate change in the 
current vulnerability assessment activities:

1. Secure long-term daily climatic data (particularly rainfall and temperature) and 
typhoon occurrences. Make separate analysis for annual, monthly, seasonal, 
weekly and daily climatic data (maximum and minimum values).

2. Calculate statistical information such as mean, standard deviations, skewness, 
and recurrence intervals.

3. Conduct pattern analysis using any of these methods: i) variation of mean 
annual data around mean data for the period; ii) moving mean (5-year and    
11-year moving mean); and iii) mass curve method; etc.   

Figure 2. Conceptual framework of climate change and vulnerability assessment.
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4. Determine if changes occur and the degree of change.

5. Assess the sensitivity of the bio-physical and human environment to the change 
in climate extremes.

- Will the 1-2oC increase in temperature affect the biodiversity?

- Will the 10 percent increase in rainfall cause more landslides and flooding?

- Will the 1-2oC increase in temperature increase forest fire occurrence? 

The Intergovernmental Panel on Climate Change (IPCC) defines vulnerability to 
climate change as a function of three factors:

1. Types and magnitude of EXPOSURE to climate change;

2. SENSITIVITY of the ecosystems; and

3. Coping or ADAPTIVE CAPACITY of the system.

It is expressed as:

Assessment of vulnerability of watersheds to climate change therefore involves 
research into the Exposure, Sensitivity and Adaptive Capacity level of the watershed to 
a specific impact, for example, increase frequency of flooding. The degree of Exposure 
can be based on the suggested steps mentioned above while Sensitivity (geology, soil, 
vegetation, topography, etc.) and Adaptive Capacity (socio-economic attributes) can be 
based on the rating as contained in this manual.

Vulnerability (V) = f (Exposure, Sensitivity, Adaptive Capacity)



CHAPTER 3
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   METHODOLOGY 

The methodology in conducting the Vulnerability Assessment of Watersheds 
follows the process flow presented in Figure 3. 

Step 1.  Formation of Multidisciplinary Team and Site Selection: 

 A multidisciplinary team coming from various DENR sectors/services should be 
created possibly through a Special Order signed by the Regional Executive Director.  
Levelling-off workshop should then be conducted to understand the concept of vulnerability 
assessment as well as delineate responsibilities for the joint research undertaking. 

Figure 3. Process flow of vulnerability assessment activities.
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Step 2.  Gathering/Updating of Watershed Characterization Data

 This involves the updating/gathering of secondary and primary data on various 
watershed characteristics. The activity involves the review of the watershed characterization 
report to determine data gaps that should be augmented through field visits or other 
means. DENR MC 2008-05 can be used to assess the sufficiency of the characterization 
report (see Annex II). The assessment should include the following: 

 2a. Bio-physical Assessment

• Watershed morphology (area, elevation, slope, drainage pattern/density)

• Geology and soils (geologic materials and arrangement, fault lines, physical 
and chemical soil properties) 

• Climate (annual/monthly rainfall, evaporation, typhoon occurrence and 
frequency, etc.) 

• Land use/vegetation (vegetation and extent of area). Land use mapping with 
the use of LANDSAT/spot images can be employed coupled with field check 
and onsite verification on some land uses. 

• Hydrology (streamflow, water quality, flood and drought occurrence). Water 
samples taken at different times of the year and analyzed for various water 
quality parameters (temperature, pH, dissolved oxygen, conductivity, alkalinity, 
etc.).  

Gathered information can be translated into thematic maps, tables and/or graphs.

2b. Socio-economic Assessment

Data on socio-demography (sex, age, income, education, etc.) gathered through 
interviews should be reviewed as well. Assessment must include the attitudes, awareness 
and perceptions of watershed occupants towards existing programs in the area that may 
aggravate or reduce the vulnerability of the watershed to certain hazards. Maps showing 
the location of critical facilities (i.e., schools, roads and bridges, hospitals, floodplain/
riverbank houses) and other critical structures should also be made. 
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Step 3.  Hazard Identification and Mapping

Hazards occurring in the watershed, both upstream and downstream portions, 
should be identified from watershed characterization data and site visitations. The 
focus of hazard identification may include flooding, landslide/erosion, forest/grass fire, 
water pollution, deforestation/illegal logging and biodiversity loss. Hazard information 
from the Mines and Geosciences Bureau (MGB), Philippine Institute of Volcanology 
and Seismology (PHIVOLCS), Philippine Atmospheric, Geophysical and Astronomical 
Services Administration (PAGASA) and other agencies should also be sourced out. 

This part of the assessment is equivalent to a scoping activity in environmental 
assessment. The purpose is to focus on priority and critical hazards in the watershed. 
Hazards and its contributory factors can be initially determined through:

• Analysis of watershed characterization data;

• Field observation of hazards occurring in the watershed (i.e., landslide); and

• Conduct of FGD with the occupants of the watershed and other key informants. 

Specific locations where the hazards were observed should be recorded in the 
field map during the field surveys and inputted to maps generated using geographic 
information system (GIS) software (see Annex 3.1). The observed hazard locations are 
useful in validating GIS generated model. A crucial element in reducing vulnerability to 
natural hazards is the analysis of human settlements and infrastructures as gathered 
during field validation and focus group discussions. 

3.1    Landslide Assessment

 Landslides (Figure 4) occur when 
the force of gravity pulls rock, debris or soil 
down a slope. Fundamentally, it is a form 
of erosion called mass wasting, defined as 
erosion involving gravity as the agent causing 
movement. Consequently, landslides only 
occur when the downslope weight (driving 
force) of the slide mass exceeds the strength 
of the soil (resisting force) along the slip 

surface. 

 Figure 4. Landslide occurrence in Real,
 Quezon Province 
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 Landslides are divided into different types according to the material being moved 
and type of movement (Varnes 1978). Speed of movement and amount of water mixed 
with the material are secondary parameters defining some landslide types. Recognizing 
the types of landslides present in an area helps explain how and where factors contributed 
to natural slope instability in the past.

Department of Environment and Natural Resources-Comprehensive Development 
and Management Plan (DENR-CDMP 2005), in its Landslide Mapping and Vulnerability 
Assessment report, recognized that the factors causing landslide include weak rock 
or soil; foliated/fractured rocks due to earthquakes and natural weathering process; 
steep mountainous terrain; high drainage density and climatic factors particularly high 
rainfall and frequency of typhoons. Gunther (2006) gave an overview of methods in 
landslide assessment (Exhibit A) which include: a) geomorphologic mapping; b) heuristic 
analysis (index-based); c) analysis of inventories; d) statistical modeling; and e) process 
based (conceptual). For this manual, the recommended method is a combination of 
geomorphologic mapping and heuristic analysis. 

Exhibit A. Conceptual example: Heuristic weighted matrix overlay 
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For assessing landslide vulnerability due to bio-physical factors, various thematic 
maps can be assigned class and weights (index-based) according to their relative 
importance in influencing landslide like what is presented in Exhibit A. These are briefly 
discussed below and their rating is presented in Chapter 4.

a)  Slope

In order to make the assessment more systematic, all slopes from 0-8% slope (level 
to gently sloping) can be categorized as areas with low vulnerability to landslides. Steep 
slopes (>50%) can be considered as areas that are very highly vulnerable to landslide 
occurrence. 

b) Soil

One of the most known parameters contributing to the occurrence of landslide is soil 
characteristics. In the absence of detailed soil texture and hydraulic conductivity analysis, 
a general soil map based on soil classification can be used. Young soil (inceptisols) can be 
considered less susceptible to landslide as compared to old and weathered soils (oxisol 
and ultisol). 

c) Climate

c.1. Rainfall

Rainfall is considered as the triggering factor to the occurrence of landslide. In the 
absence of rainfall isohyte, historical monthly average rainfall can be used in assessing 
the vulnerability of the watershed to landslide.  

c.2. Typhoon Occurrence

Together with the data on rainfall, the typhoon occurrence can be combined to 
represent the effect of climate to landslide occurrence. The Typhoon Incidence Map as 
identified by the joint Typhoon Warning Center can be applied.

d) Geology

d.1. Lithology

Geologic map from MGB can be utilized. If geo-hazard map is available, this can  
also be used to represent the geologic contribution to landslide occurrence. Rating can be 

inferred based on general rock consolidation. That is, young sedimentary deposits 
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are less hardened compared to old sedimentary deposits. Likewise, igneous rocks and 
intrusives are likely to be harder. Peckley et al. (2010) provides a guide in assessing 
rainfall-induced landslide.  However, it is also advisable to consult a geologist.

d.2. Distance From Fault Line

Areas near a fault line can be considered more weathered and fractured as 
compared to areas farther from the fault line. The method currently employed is to consider 
areas within 0.5 kilometer from the fault line as very highly vulnerable while areas farther 
will be less vulnerable.  

e) Land Use

Land use maps derived from LANDSAT satellite images can be analyzed and 
validated in the field. Rating based on the presence and type of vegetation cover in the 
watershed is presented in Chapter 4 (Table 6). Data on previous land use can also be 
utilized to determine the changes in terms of land use in the watershed. 

f) Others

f.1. River cut 

Deep river valleys and gullies are known to induce landslides since they have 
inherent steep slopes and the possibility of undercutting during bankful river discharge. 
River traversing in a very steep slope is therefore vulnerable to landslide. 

f.2. Road Cut

Road cuts in steep slopes are known to induce landslides. Unprotected road cuts 
will be more susceptible to landslides. Road widening on very steep slopes naturally 
produce steep road cuts.

Generation of Spatial Maps using GIS. Actual landslide locations in the watershed 
should be determined using the Global Positioning System (GPS) or by simple use of the 
1:50,000 map. The thematic maps such as contour, geology, vegetation, rainfall, typhoon 
frequency, soils, and land use should be generated using GIS. The vector files of these 
maps are converted to grid.

Factor Analysis and Development of GIS Procedures. Analysis of factors affecting 
landslides (both physical and anthropogenic) shall serve as key inputs in validating the 
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relative contribution of the various watershed attributes to the occurrence of hazards 
(Annex 3.2). 

For assessing landslide vulnerability due to physical factors, the different thematic 
maps (slope, soil, geology/seismic, land use and climate) are assigned with corresponding 
rates/weights and overlaid based on the following relationships as presented in Figure 5:

          
Where: 
 L = landslide vulnerability; 
 f = formation;
 Sl = slope factor; 
 Cl = climate factor; 
 r = rainfall amount;  
 t = typhoon frequency; 
 G = geology factor with consideration to formation (f), age (a) and relative distance
        to the fault line (f); 
 S = soil factor as soil type (t) and soil morphological classification (c); and
 Lu = land use factor 

Figure 5. Thematic maps to be overlaid with corresponding values arriving at a vulnerability
   map as an output.

L = f [Sl, Cl(r + t), G (f + a + f), S (t + c), Lu]
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Each factor should be assigned a relative weight according to their influence in landslide 
occurrence. Each factor class is also assigned a class rating (Table 1). 

Vulnerability (slight, fair, moderate, high and very high) can be assigned based on 
the hazard value; thus a map will be zoned into vulnerability classes. Landslide vulnerability 
map due to physical factors are calculated for each hazard unit as the sum of weighted 
product of individual factors as shown in Equation 2:

       
Where:
 Lp = landslide vulnerability due to physical factors
 Sl = slope factor
 R = rainfall
 G = geology factor
 S = soil factor
 Lu = land use factor

   
The schematic diagram of the GIS-assisted model on landslide assessment due 

to physical factors is presented in Figure 6. Model inputs will be in grid formats with the 
specific hazard values and the model applied to assess and map out areas vulnerable to 
landslide.

 The anthropogenic factor can be computed as the average of the hazard values 
of the three identified factors (farming systems, ground disturbance, and occupancy and 
habitation). Then, the overall watershed vulnerability to landslide can be calculated by 
incorporating the anthropogenic factors and categorizing it based on Table 1. The relative 
weights of physical and anthropogenic factors are 0.90 and 0.10, respectively, as shown 
in Equation 3:

        

Lp   =   0.35Sl + 0.2R + 0.2G + 0.1S + 0.15Lu

Lw = 0.9Lp + 0.1La

Table 1. Vulnerability class for landslide assessment.

Landslide Vulnerability Class Rating
Slightly Vulnerable < 2.1
Fairly Vulnerable 2.1 - 2.79
Moderately Vulnerable 2.8 - 3.49
Highly Vulnerable 3.5 - 4.19
Very Highly Vulnerable > 4.2
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Where: 

 Lw = overall landslide vulnerability; 

 Lp = landslide vulnerability due to physical factors; and 

 La = landslide vulnerability due to anthropogenic factors 

These weights have been considered because vulnerability to landslides is chiefly physical 
in nature.

 

 Exhibit B shows sample hazard category maps based on slope, geology, land use, 
rainfall, soil and the resulting vulnerability map.
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Figure 6. Schematic diagram of a GIS-assisted approach on landslide assessment (physical
   factors).

Exhibit B. Sample hazard category maps
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EXHIBIT B (continuation…..)

Final VA Map

Exhibit B. Continued.....



23

Manual on Vulnerability Assessment of Watersheds

Exhibit B. Continued.....
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3.2    Soil Erosion Assessment
 

In general, soil erosion (Fig. 7) is favored by high rainfall and intensive hillyland 
agriculture in the humid tropics. However, the magnitude differs in time and space due to 
disparity in edaphic and other factors. Scientific studies on soil erosion need adequate 
funding and considerable time to generate reliable results. In spite of this, a number of 
parametric models have been developed to predict soil erosion. Wischmeier and Smith 
(1978) pioneered the universally accepted model in predicting soil loss known as the 
Universal Soil Loss Equation (USLE). USLE takes into account several factors such as 
rainfall, soil erodibility, slope length and gradient, erosion control practice and land cover 
(as shown in Figure 8). However, other researchers have developed physically-oriented 
and event-based models. 

Generally, conventional approaches yield point-based or plot-scale information. 
In order to put meaning to this information, Lanuza (1999) developed a methodology of 
upscaling using GIS. GIS can integrate the spatial and analytical functionality for spatially 
distributed data. Nowadays, spatial and relational database can be integrated and 
managed using GIS (Annex 3.3). The development of GIS has enabled to construct strong 
physically-based models and facilitated the prediction of soil loss in a spatially distributed 
manner (Zollweg et al. 1996; Dickinson and Collins 1998). 

3.2.1    USLE approach

The generation of the rainfall erosivity (R), soil erodibility (K), slope length and 
gradient factor (LS), cover factor (C) and erosion factor (P) for soil erosion modeling  can 
be adopted based on the methodology developed by Lanuza (2007) (Fig. 8). The critical 
factors affecting soil erosion are based on the empirical formula developed by Wischmeier 

and Smith (1978) which computes soil loss as a product of six major factors with 
numerical values. 

Figure 7. Soil erosion occurences caused by natural and anthropogenic factors in the watershed.
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The USLE is represented by: 

        
Where: 

 A = annual soil loss (tons/ha/yr); 

 R = rainfall erosivity; 

 K = soil erodibility; 

 LS = topographic factor (slope length and gradient); 

 C = land cover factor; and 

 P = erosion control factor 

Maps covering each parameter (R, K, LS, C and P) will be integrated to generate a 
composite map of areas vulnerable to soil erosion based on the advanced GIS functionality. 
This soil erosion vulnerability map can be classified into different priority classes (Table 2):

A = R * K * LS * C * P

Figure 8. Schematic diagram of the GIS-assisted soil erosion model using USLE (Lanuza, 2007)
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3.2.2    Map index approach
Another approach that can be employed is through the simple overlay approach 

based on indices which is similar to the methodology employed in landslide analysis. The 
erosion model is expressed in terms of the relationship:

It can be observed that the factors considered is similar to those considered in the 
first approach based on USLE formula. Rating of the above-mentioned factors is presented 
in Chapter 4. 

3.3    Flooding

Flood is a natural and recurring event for a river or stream resulting from heavy or 
continuous precipitation exceeding the absorptive capacity of soil and the flow capacity 
of rivers, streams, and coastal areas. Statistically, streams will equal or exceed the mean 
annual flood once every 2.33 years (Leopold et al. 1964). Basically, flooding causes a 
watercourse to overflow its banks onto adjacent lands. In China, flooding is one of the 
most severe natural disasters. Generally, the frequency of inundation depends on the 
climate, the material that makes up the banks of the stream and the channel slope. When 
there is substantial rainfall occurrence in a particular season each year, the floodplain may 
be inundated nearly every year, even along large streams with very small channel slopes. 

Like many countries, stream-gauging records in the Philippines are inadequate or 
absent. As a result, flood hazard assessments based on direct measurements may not be 
possible, because there is no basis to determine the specific flood levels and recurrence 
intervals for given events. Hazard assessments based on remote sensing data, damage 
reports, and field observations can substitute when quantitative data are scarce. They 

Soil Erosion Class Soil Loss (tons/ha/yr)
Very Low 0-7
Low   8-12
Moderate 13-25
High 26-37
Very High    >37

Table 2. Different soil erosion priority classes (Stone, 2006)

Erosion= f (slope, climate, land use, soil and management practices)
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present mapped information defining flood-prone areas which will probably be inundated 
by a flood of a specified interval (Riggs 1985).

Floods occur when the carrying capacity of a stream or river channel is exceeded, 
leading to bank overflow. Flood becomes hazardous if it occurs in flood prone areas 
causing more damages (Fig. 9). They are affected by rainfall events – short duration, high 
intensity rainfall that can lead to flashflood while long duration of moderate intensity results 
to slow flood event.

Two approaches can be considered:

a) Simple = this involves mapping of past and existing flood prone zones as 
indication of areas at risk. Documentation of flood levels and interview with local residents 
may also be conducted.

Locations of flood-prone areas should be mapped out using GPS. Focus of 
assessment should be the flood level during the past flood episodes. These should be 
validated during community discussions. 

The flood-prone area map can be generated by calculating areas with elevations 
below the elevation of the highest flood water mark. The schematic diagram of the GIS-
assisted model is presented in Figure 10. The information gathered from key informants 
will be validated by gathering GPS readings on the location of flooding.

Figure 9. Flood occurences in Calamba, Laguna and Marikina City.
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b) Detailed = this approach needs the assistance of a hydrologist. 

The maximum river capacity which is the threshold before flood occurs can be computed 
by the following steps. First the velocity of discharge can be calculated by the equation:
	

	

Where: 
 v = discharge velocity
 n = Manning coefficient of roughness
 R = channel perimeter (base x height of channel)
 S = is the slope of channel

Then the total river discharge capacity can be calculated:

Where:  
 Qr = total river discharge capacity
 A = river cross-section (m2)
 v = velocity

Qr = Av

Figure 10. Schematic diagram of the GIS-assisted approach in flood vulnerability assessment.
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The total drainage discharge during a given flood/rainfall event (5-year and 100-year) 
can be computed assuming the rational hydraulic equation:

Where:  
 QD = total drainage discharge
 c = runoff coefficient
  i = rainfall intensity of the rainfall event
 A = watershed area in (ha)

Rainfall intensity on various recurrence interval or probability of occurrence can be 
determined through analysis of rainfall data and application of hydrologic frequency 
analysis (normal, log-normal, Pearson Type III or Gumbel analysis). 

QD = ciA

Exhibit C. Flood analysis showing the location of critical facilities in Tignoan Watershed, Quezon 
Province
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3.4    Water Pollution

Water pollution refers to any alteration of the physical, chemical, biological, or 
radiological properties of a water body resulting to the impairment of its purity or quality 
(Fig. 11). 

The assessment involves two major activities:

 a) Review and comparison of the gathered water quality data with the DENR
 water quality standards as contained in DAO 35 (Table 3); and

 b) Mapping of sources of pollutants.

Table 3. Water quality standards set by the DENR

Figure 11. Water pollution in San Cristobal River in Laguna and Cabalisian River in Pangasinan.

Class Water Discoloration due to 
Sediments

Level of Chemical and Biological 
Contaminants

1 Negligible sediments None, Class A/AA water
2 Slight discoloration after heavy rainfall Low, Class B water
3 Moderate discoloration after heavy 

rainfall
Low level of contaminants which 
are still within DENR limits

4 Severe discoloration throughout the 
rainy season

Levels of contaminants exceeded 
DENR standards

5 Very severe discoloration throughout 
the rainy season

Levels of biological contaminants 
are very high that could lead to 
widespread incidence of water 
borne diseases
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3.5    Forest/Grass Fire

A forest fire is an uncontained and freely spreading combustion which consumes 
the natural fuels of a forest, that is, duff, litter, grass, dead branch wood, snags, logs, 
stumps, weeds, brush, foliage and to a limited degree, green trees (Brown and Davis 
1973).

Natural (lightning, drought) and man-made activities (camp fire, smokers, debris 
burning/clearing of the area for planting purposes, incendiary and lumbering) can cause 
forest fire (Fig. 12).

Fire behavior model requires elevation, slope, aspect, weather and vegetation to 
simulate fire behavior across the landscape. In general, most fire behavior models require 
estimates of the following variables in order to generate predictions: total above-ground 
biomass contributing to the forward rate-of-spread of the fire; mean stand height; fuel 
particle surface-area-to-volume (SAV); and moisture content. Acquiring these estimates 
can be very costly. For this project, the fire hazard factor can be applied in the analysis. 
“Hazard Factor” means the factors which influence the potential of a geographic area to 
burn. Hazard factors are climate, topography, natural vegetative fuels, natural vegetative 
fuel distribution and anthropogenic factors. Spread of fire which is mostly due to wind 
speed and direction is not incorporated in the model as these parameters are mostly 
absent in watersheds. Review of the data from CAR and Region 3 showed that forest fires 
were highly influenced by anthropogenic factors and in reported cases occurred where 
plantations are established (Table 4). 

Figure 12. Damaged landscapes caused by forest fires in Benguet Province.
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The assessment procedure follows the guide as presented in Table 8, the map 
overlay as presented earlier in other hazards and the model:

3.6    Deforestation/Biodiversity Loss Assessment

Deforestation can be considered to be mainly due to anthropogenic factors and the 
assessment follows an almost similar procedure (scaling) as presented in Table 5. 

Land Use % Occurence
Plantations 60
Forest 35
Grassland 5

Causes % Occurence
Kaingin 17
Picnic/Playing 12
Hunting 5
Cigarette throwing 5
Incendiarism 4
Grazing 2
Undetermined 55

Table 4. Percentage of fire occurences in relation to land use and causes in CAR

Table 5. Vulnerability ratings with corresponding numerical equivalents of indicators

Fire = Bio-physical factors (40%) + Anthropogenic (60%)

Rating Indicators
Number of 
trees/ha 

(15cm and 
up dbh)

Presence 
of Endemic 
Species of 
Flora and 

Fauna

Presence of 
Threatened /
Rare Species 

(Flora and 
Fauna)

Presence 
of Exotics

Species 
Richness

Disease 
Incidence

Very High   > 16 0-3 > 87 0-5
High 12-15 4-7 67-86   6-10
Moderate   8-11   8-11 45-66 11-15
Low 4-7 12-15 23-44 16-20
Very Low 0-3   > 16   1-22   > 21
100% 10% 20% 20% 20% 20% 10%



33

Manual on Vulnerability Assessment of Watersheds

The model can be presented as:	

Where:  richness = refers to biodiversity richness of the area (high to low)

  threats = are the bio-physical and anthropogenic factors causing susceptibility to
       biodiversity loss     

Using an updated land use/land cover map of the watershed under investigation, 
each land cover type shall be characterized using line transect-square plot technique of 
plant inventory. Series of sampling points (oriented at north-south and east-west directions 
and spaced 1km apart) shall be established where the observation plots will be set up. 
Each observation plot shall consist of two squares, the smaller nested within the larger, 
as follows: 

• 20m x 20m main plot for tallying all trees 15cm and bigger in dbh/dab, mature 
bamboo, rattan and other palms; and

• 4m x 4m subplot for trees less than 15cm in diameter, seedlings, immature 
rattan, bamboo and other palms, as well as climbers and other ground 
vegetation  

Within each plot, the following measurements shall be taken:

    Site Characteristics

a) GPS coordinates

b) Slope (%)

c) Elevation (m)

d) Aspect/exposure

e) Vegetative cover/plant community type

Plants in 20m x 20m main plot

a) for trees 15cm and larger in dbh:  species identity, dbh, estimated total and
    merchantable heights
b) bamboo: species, number of culms at least 3m long in a clump and average total
    height, number of clump
c) rattans: species, number of canes at least 3m long, mean length of mature cane

VAbiodiversity loss = Richness (50%) + Threats (50%)
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d) palms: species, total height

e) orchids and other epiphytes: presence is noted

Plants in 4m x 4m subplot

a) tree taxa: species and number of individuals i.e. seedlings (<1.5m in ht) and
    saplings up to 14.9cm in diameter
b) immature rattan, vines and other creepers, bamboos, palms, bananas, shrubs,

        herbs, ferns, grasses and other ground vegetation: species and
                number of individuals

Specimens of unidentified species and those that need verification shall be collected 
and properly tagged (indicating plot, subplot and species numbers corresponding to the 
tally sheets) and processed for proper identification at the herbarium. The collected data 
shall be collated and processed to determine species composition, structure, indices of 
species diversity (species richness, Shannon, evenness, etc) and related parameters.

Fauna Survey

Sampling of faunal forms (birds, mammals, herps, macro fungi and insects) shall 
be conducted along the plots established by the vegetation survey group. Systematic 
listing of observed faunal forms shall be conducted. Also, secondary information on the 
presence of faunal forms shall be gathered from local informants.

The collected data shall be collated and processed to determine species 
composition per faunal form and indices of species diversity (species richness, Shannon, 
evenness, etc).

Step 4.   GIS and Spatial Analysis

Overlay and index method which involves combining various watershed attributes 
(e.g., geology, soils, slope, climate, land use, anthropogenic factors) can be employed. In 
this approach, all attributes were assigned classes (Class 1 – 5) and weights (1-100 %). 
For example: slope may be given 40%; rainfall amount and typhoon frequency (20%); 
geology and fault line (20%); soil (15%) and anthropogenic factors (5%). This method was 
considered to be the simplest approach in vulnerability assessment that can be adopted by 
the DENR regional offices and is still favored by many researchers and planning agencies 

in various countries. Overlay and index method attempts to be more quantitative by 



35

Manual on Vulnerability Assessment of Watersheds

assigning different numerical scores and weights to the attributes in developing a range of 
vulnerability classes which are then displayed in the map.

Results of this activity include the spatial location of vulnerable areas including 
their degree of vulnerability.

Step  5.  Formulation of Mitigating Measures 
Series of FGDs in the area, as well as workshops by the technical team and key 

persons, should be conducted to come up with appropriate mitigating measures to prevent 
the disaster due to the identified hazard/s. The mitigating measures should focus on 
interventions that may reduce the effects of the identified hazard or improve the adaptation 
of the watershed to the identified hazard/s. The team should be specific in terms of the 
kind of interventions appropriate for different locations.

Step 6.  Review, Analysis and Policy Recommendation
Existing policies gathered during the conduct of watershed characterization should 

be reviewed and national policies analyzed as to its relevance. Series of in-house workshops 
should be initiated by the team to come up with needed policy recommendations as a legal 
support to address the identified problems and minimize damage due to the hazards.





CHAPTER 4
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Guide in Scaling of Factors Affecting Vulnerability 
of Watershed to Various Hazards

The approach in vulnerability assessment contained in this manual involves 
assigning values to factors considered to affect the vulnerability of watershed resources 
to hazards being investigated. The succeeding pages provide guidelines in assigning 
values to qualitative factors. Factors which are considered to have high influence in the 
vulnerability of the watershed are rated as 5 while those with very minimal effect are given 
a rating of 1 as outlined below:

 
4.1    VULNERABILITY TO LANDSLIDES

Table 6. Guide in scaling of factors in vulnerability to landslides

1 - Factor plays a role in VERY LOW VULNERABILITY of the watershed
2 - Factor plays a role in LOW VULNERABILITY of the watershed
3 - Factor plays a role in MODERATE VULNERABILITY of the watershed
4 - Factor plays a role in HIGH VULNERABILITY of the watershed 
5 - Factor plays a role in VERY HIGH VULNERABILITY of the watershed

PHYSICAL FACTORS* CLASS DESCRIPTION
A. SLOPE (30-35%) 1 Slope, in general, is not steep (< 8%)

2 Slope, in general, is slightly steep (8.1-18%)
3 Slope, in general, is fairly steep (18.1-30%)
4 Slope, in general, is moderately steep (30.1-50%)
5 Slope, in general, is very steep (> 50%)

B. SOIL MORPHOLOGY/
GENESIS (10%)

SOIL TYPE
1 Tropaquepts w/ Entropepts; Udorthents & Tropepts
2 Tropopsamments w/ Troporthents; Eutrandepts w/ 

Eutropepts
3 Tropudalfs w/ Tropepts
4 Entropepts w/ Dystropepts
5 Tropudults w/ Tropudalfs; Mountain soils w/ 

Entisols, Inceptisols, Ultisols and Alfisols
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PHYSICAL FACTORS* CLASS DESCRIPTION
C. CLIMATE (20%)
Monthly Rainfall MAXIMUM MONTHLY RAINFALL

1 Very low monthly rainfall (< 100mm)
2 Low monthly rainfall (100.1-200mm)
3 Moderate monthly rainfall (200.1-300mm)
4 High monthly rainfall (300.1-500mm)
5 Very high monthly rainfall (> 500mm)

Typhoon Frequency
(see Philippine typhoon 
frequency map)

TYPHOON FREQUENCY
1 Very low frequency
2 Low frequency
3 Moderate frequency
4 High frequency
5 Very high frequency

D. GEOLOGY** 
(20-25%)
Lithology DESCRIPTION

1 Pliocene-Quaternary (QV); Paleocene (Sedimentary
& Metamorphic rocks); Pre-juracic

2 Undifferentiated (UV; KPg1; KPg2)
3 Oligocene (SPg2); Paleocene-Eocene (SPg1)
4 Pliocene-Pleistocene (N3+Q1); Upper Miocene - 

Pliocene (N2)
5 Recent (R); Quaternary (QAV); Plioliocene - 

Quaternary (QVP)

Proximity to Fault Lines DESCRIPTION
1 There are fault lines beyond 8km
2 There are fault lines within 5-8km
3 There are fault lines within 2-5km
4 There are fault lines within 0.5-2km
5 Fault lines run 0.5km from the area

E. VEGETATION 
COVER/LAND USE 
(10%)

VEGETATION COVER
1 The vegetation/cover of the watershed does not 

favor any landslide (closed forest)
2 The vegetation/cover of the watershed slightly favor 

minor landslide (open forest; plantations)

Table 6. Continued...
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Table 6. Continued...

PHYSICAL FACTORS* CLASS DESCRIPTION
E. VEGETATION 
COVER/LAND USE 
(10%)

VEGETATION COVER
3 The vegetation/cover of the watershed moderately 

favor landslide (shrubs; natural grassland)
4 The vegetation/cover of the watershed highly favor 

minor landslide (agricultural/cultivated; pasture land; 
built-up)

5 The vegetation/cover of the watershed highly favor 
major landslide (bare)

ANTHROPOGENIC 
FACTORS*** (5-10%)

A. FARMING 
SYSTEMS 1 The farming systems in the watershed do not favor 

any landslide
2 The farming systems in the watershed slightly favor 

minor landslides
3 The farming systems in the watershed slightly favor 

major landslides
4 The farming systems in the watershed highly favor 

minor landslides
5 The farming systems in the watershed highly favor 

major landslides

B. GROUND 
DISTURBANCE BY 
HUMAN ACTIVITIES

1 There are no ground disturbances caused by 
human activities in the watershed (road 
construction, mining, digging, for any purpose)

2 There are minimal ground disturbances caused by 
human activities in the watershed (road 
construction, mining, digging, for any purpose)

3 There are few ground disturbances caused by 
human activities in the watershed (road 
construction, mining, digging, for any purpose)

4 There are many ground disturbances caused by 
human activities in the watershed (road 
construction, mining, digging, for any purpose)

5 There are major ground disturbances caused by 
human activities in the watershed (road 
construction, mining, digging, for any purpose)
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PHYSICAL FACTORS* CLASS DESCRIPTION
A. SLOPE (30-40%)

1 Slope, in general, is not steep (< 8%)
2 Slope, in general, is slightly steep (8.1-18%)
3 Slope, in general, is fairly steep (18.1-30%)
4 Slope, in general, is moderately steep (30.1-50%)
5 Slope, in general, is very steep (> 50%)

B. SOIL TYPE (20%) SOIL TYPE
1 Clayey (> 50% clay) and high on organic matter 

(OM) (> 2%)
2 Clayey with low OM
3 Sandy soil
4 Silty soil with high OM 
5 Silty soil with low OM

*Weights should be validated individually
**Modified from Daag et.al. (2006)
***Anthropogenic factors are more of aggravating factors; vulnerability to landslides is chiefly 
physical in nature. Thus, when watersheds are characterized as physically highly vulnerable, low 
vulnerability in anthropogenic terms must not offset its high vulnerability.

4.2    VULNERABILITY OF WATERSHED TO SOIL EROSION

Table 6. Continued...

ANTHROPOGENIC 
FACTORS*** (5-10%)

CLASS DESCRIPTION

C. OCCUPANCY AND 
HABITATIONS 1 The watershed is not occupied for habitation of 

upland communities
2 There are a few and small areas occupied for 

habitation of upland communities
3 There are some large areas occupied for habitation 

of upland communities
4 There are many and vast areas occupied for 

habitation of upland communities
5 There are major and vast areas occupied for 

habitation of upland communities

Table 7. Guide in scaling of factors in vulnerability to soil erosion
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Table 7. Continued...

PHYSICAL FACTORS* CLASS
C. CLIMATE (20%)
Monthly Rainfall MAXIMUM MONTHLY RAINFALL

1 Very low monthly rainfall (< 100mm)
2 Low monthly rainfall (100.1-200mm)
3 Moderate monthly rainfall (200.1-300mm)
4 High monthly rainfall (300.1-500mm)
5 Very high monthly rainfall (> 500mm)

Typhoon Frequency
(see typhoon frequency 
map)

TYPHOON FREQUENCY
1 Very low frequency
2 Low frequency
3 Moderate frequency
4 High frequency
5 Very high frequency

D. VEGETATION 
COVER/LAND USE 
(20%)

VEGETATION COVER
1 Closed forest canopy
2 Open forest; old plantations; built-up
3 Mix of horticulture and annual crops
4 Planted with annual crops
5 Bare or cultivated throughout the year

E. CROPPING 
MANAGEMENT 
PRACTICES (10-15%)

FACTOR MANAGEMENT PRACTICES
1 Natural forest with little disturbances
2 Good cropping management practices (hedge-

rows, contouring)
3 With management practices but not consistently 

practiced
4 Some management practices
5 No management practices
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4.3    VULNERABILITY OF WATERSHED TO FOREST/GRASS FIRE

Table 8. Guide in scaling of factors in vulnerability to forest/grass fire

BIO-PHYSICAL 
FACTORS

CLASS DESCRIPTION

A. VEGETATION (can 
be used in analysis of 
land use map)

1 Vegetation types negligibly favor the 
occurence and spread of fire in the watershed

2 Vegetation types favor a minimal scale of 
occurence and spread of fire in the watershed

3 Vegetation types favor the occurence and spread 
of fire but only in isolated areas of the watershed

4 Vegetation types highly favor the occurence and 
spread of fire in large parts of the watershed

5 Vegetation types strongly favor the occurence 
and spread of fire in major parts of the watershed

B. DRY FUEL 
MATERIALS

1 There are minimal to negligible dry fuel materials 
(dry grass, litter, sticks, peat) that can be ignited 
into uncontrolled forest fire

2 There are little amounts of dry fuel materials that 
can  be ignited and cause minimal damage

3 There are moderate amounts of dry fuel 
materials that can be ignited and cause 
considerable damage

4 There are plenty of dry fuel materials that can be 
ignited and cause large scale damage

5 There are abundant dry fuel materials that can be 
ignited and cause large scale damage

C. SLOPE AND 
TERRAIN

1 Watershed slopes and general terrain negligibly 
favor fire occurence (steep slope and so less 
accessible)

2 Watershed slopes and general terrain slightly 
favor fire occurence

3 Watershed slopes and general terrain moderately 
favor fire occurence

4 Watershed slopes and general terrain highly favor 
fire occurence

5 Watershed slopes and general terrain severely 
favor fire occurence (gentle slope)
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Table 8. Continued...

BIO-PHYSICAL 
FACTORS

CLASS DESCRIPTION

D. ASPECT IN 
RELATION TO WIND 
AND EXPOSURE

1 The general aspect of the watershed negligibly 
favors fire occurence

2 The general aspect of the watershed slightly 
favors fire occurence

3 The general aspect of the watershed moderately 
favors fire ocurence

4 The general aspect of the watershed highly favors 
fire occurence

5 The general aspect of the watershed severely 
favors fire occurence

E. DRY SPELL 
(Climate)

1 Dry spells in the watershed negligibly favor the 
occurence of fire

2 Dry spells in the watershed slightly favor the 
occurence of fire

3 Dry spells in the watershed moderately favor the 
occurence of fire

4 Dry spells in the watershed highly favor the 
occurence of fire (Type 1)

5 Dry spells in the watershed severely favor the 
occurence of fire (Type 1 climate with > 3 months 
dry spell)

F. FIRE BREAKS 1 There are sufficient firebreaks in fire prone areas 
and these are maintained

2 There are few firebreaks in the area and these 
are maintained

3 There are very few firebreaks in the watershed 
but are not maintained

4 There are insignificant number of firebreaks in the 
entire watershed and are not maintained

5 There are no firebreaks in the entire watershed 

G. NATURAL 
BARRIERS

1 There are sufficient natural barriers in fire prone 
areas with very high effectiveness in preventing 
the spread of fire

2 There are natural barriers in fire prone areas with 
high effectiveness in preventing the spread of fire



45

Manual on Vulnerability Assessment of Watersheds

Table 8. Continued...

BIO-PHYSICAL 
FACTORS

CLASS DESCRIPTION

G. NATURAL 
BARRIERS

3 There are natural barriers in fire prone areas with 
moderate effectiveness in preventing the spread 
of fire

4 There are natural barriers in fire prone areas but 
are limited and not effective in preventing the 
spread of fire

5 There are no natural barriers to hinder the spread 
of fire

H. PROXIMITY TO 
FIRE PRONE AREAS 
(grassland and 
plantations)

1 The watershed is far from fire prone areas
2 The watershed is near fire prone areas but the 

chances of fire outbreak are small due to natural 
barriers

3 The watershed is adjacent to fire prone areas but 
spread inside the area can be prevented

4 The watershed is adjacent to fire prone areas and 
prevention of spread inside the area is difficult

5 The watershed is adjacent to fire prone areas 
and prevention of spread inside the area is very 
difficult

I. ACCESSIBILITY
 

1 Areas in the watershed are not readily accessible 
to passersby who could help increase the 
chances of starting fire

2 Areas in the watershed are limitedly accessible to 
passersby who could help increase the chances 
of starting fire

3 Areas in the watershed are moderately accessible 
to passersby who could help increase the 
chances of starting fire

4 Areas in the watershed are readily accessible 
most of the time to passersby who could help 
increase the chances of starting fire

5 Areas in the watershed are readily accessible 
any time of the day to passersby who could help 
increase the chances of starting fire
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Table 8. Continued...

BIO-PHYSICAL 
FACTORS

CLASS DESCRIPTION

J. INFRASTRUCTURE 1 There are nil to minimal infrastructures (houses, 
buildings, dumps, etc) in the watershed that could 
help increase the chance of starting a fire

2 There are few infrastructures (houses, buildings, 
dumps, etc) in the watershed that could help 
increase the chance of starting a fire

3 There are some infrastructures (houses, 
buildings, dumps, etc) in the watershed that could 
help increase the chance of starting a fire

4 There are many infrastructures (houses, 
buildings, dumps, etc) in the watershed that could 
help increase the chance of starting a fire

5 There are abundant infrastructures (houses, 
buildings, dumps, etc) in the watershed that could 
help increase the chance of starting a fire

ANTHROPOGENIC 
FACTORS

A. SOCIO-CULTURAL
Access/Property Rights 1 Property rights are defined (with tenurial 

instruments); access by the public is very limited; 
protection from fire is private and well enforced

2 Property rights are defined (with tenurial 
instruments); access by the public is limited; 
protection from fire is not well enforced

3 Property rights are not defined (with tenurial 
instruments); access by the public is limited; 
protection from fire is not enforced

4 Property rights are not defined (with tenurial 
instruments); access by the public is often not 
limited; protection from fire is not enforced

5 Property rights are not defined (with tenurial 
instruments); access by the public is open; 
protection from fire is not enforced

Decision-making 1 Tight social knit; significant community decisions 
for fire prevention and control are established

2 Social knit is extended from family to community; 
limited significant decisions for fire prevention and 
control are established
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Table 8. Continued...

ANTHROPOGENIC 
FACTORS

CLASS DESCRIPTION

A. SOCIO-CULTURAL
Decision-making 3 Decision-making for fire prevention and control is 

limited to close kin; minimal influence is 
established

4 Decision-making is individualistic; concerns for 
fire in adjacent areas are neglected

5 There are no clear patterns of decision-making 
relative to fire prevention and control

Leadership 1 With well established leadership that facilitates 
fire prevention measures

2 With identified fire marshals/leaders only in 
emergencies

3 With identified fire marshals/leaders but are 
ineffective

4 With identified fire marshals/leaders but are not 
performing their tasks

5 No identified leadership; fire mitigation and 
control are done individually

Incendiarism 1 There are no known records/account of 
incendiarism in the watershed

2 There are records/accounts of incendiarism but 
treated only as isolated cases

3 There are records/accounts of intermittent 
incendiarism hence, cannot be treated as habitual

4 There are records/accounts of incendiarism which 
are likely habitual

5 Habitual incendiarism is observed in the 
watershed

B. PSYCHO-
SOCIOLOGICAL
Awareness/Knowledge 1 Community has a very high level of awareness/

knowledge on the importance and dangers of fire 
in the watershed

2 Community has a high level of awareness/
knowledge on the importance and dangers of fire 
in the watershed

3 Community has a moderate level of awareness/
knowledge on the importance and dangers of fire 
in the watershed
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Table 8. Continued...

ANTHROPOGENIC 
FACTORS

CLASS DESCRIPTION

B. PSYCHO-
SOCIOLOGICAL
Awareness/Knowledge 4 Community has a low level of awareness/

knowledge on the importance and dangers of fire 
in the watershed

5 Community is not aware or does not have 
knowledge on the importance and dangers of fire 
in the watershed

Beliefs 1 The community, in general, very strongly believes 
in watershed fire prevention and protection 
measures

2 The community, in general, strongly believes in 
watershed fire prevention and protection 
measures

3 The community, in general, believes in watershed 
fire prevention and protection measures

4 The community, in general, is unsure about 
watershed fire prevention and protection 
measures

5 The community, in general, does not believe in 
watershed fire prevention and protection 
measures

Perceptions 1 The community very strongly agrees that there 
should be a concerted effort for watershed fire 
prevention and protection

2 The community strongly agrees that there should 
be a concerted effort for watershed fire prevention 
and protection

3 The community agrees that there should be a 
concerted effort for watershed fire prevention and 
protection

4 The community is doubtful about a concerted 
effort for watershed fire prevention and protection

5 The community disagrees on a concerted effort 
for watershed fire prevention and protection
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Table 8. Continued...

ANTHROPOGENIC 
FACTORS

CLASS DESCRIPTION

B. PSYCHO-
SOCIOLOGICAL
Attitudes 1 Majority of community members show their 

willingness and regularly participate in watershed 
fire prevention and protection

2 Majority of community members show their 
willingness and often participate in watershed fire 
prevention and protection

3 Many of community members show their 
willingness and sometimes participate in 
watershed fire prevention and protection

4 Majority of community members are adamant 
to participate in watershed fire prevention and 
protection

5 Community members, in general, do not show 
willingness and do not participate in watershed 
fire prevention and protection

C. ECONOMY
Household/Community 
Economy

1 Household and community farm incomes are not 
dependent on fire prone activities in the 
watershed

2 Household and community farm incomes are 
sometimes dependent on fire prone activities in 
the watershed

3 Household and community farm incomes are 
moderately dependent on fire prone activities in 
the watershed

4 Household and community farm incomes are 
highly dependent on fire prone activities in the 
watershed

5 Household and community farm incomes are 
severely dependent on fire prone activities in the 
watershed

Markets (and Prices) 1 Market and prices do not favor fire prone 
activities (illegal charcoal-making, bees hunting, 
illegal game hunting) in the watershed

2 Market and prices slightly favor fire prone 
activities in the watershed
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Table 8. Continued...

ANTHROPOGENIC 
FACTORS

CLASS DESCRIPTION

C. ECONOMY
Markets (and Prices) 3 Market and prices moderately favor fire prone 

activities in the watershed
4 Market and prices strongly favor fire prone 

activities in the watershed
5 Market and prices very strongly favor fire prone 

activities in the watershed

Capital Investment 1 There is always sufficient capital for fire mitigation 
and control measures in the watershed

2 There is often available but insufficient capital for 
fire mitigation and control measures in the 
watershed

3 There is sometimes available but insufficient 
capital for fire mitigation and control measures in 
the watershed

4 There is rarely available but insufficient capital for 
fire mitigation and control measures in the 
watershed

5 There is always no available capital for fire 
mitigation and control measures in the watershed

Technology 1 There are available, effective and affordable 
technologies that can help mitigate vulnerability to 
fire

2 There are available technologies but of limited 
capacity and utility

3 There are available technologies but are not 
readily affordable due to high costs

4 There are available technologies but are not 
ideally applicable to local conditions

5 There are no available technologies for fire 
mitigation
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Table 8. Continued...

ANTHROPOGENIC 
FACTORS

CLASS DESCRIPTION

D. POLITICAL/
INSTITUTIONAL
Institutions 1 There are institutions that very effectively enforce 

governance in fire prevention and control
2 There are institutions that effectively enforce 

governance in fire prevention and control
3 There are institutions that enforce governance in 

fire prevention and control but are often short of 
resources; services are intermittent

4 There are institutions but services are usually 
ineffective

5 There are no visible institutions for fire 
management

Policies 1 Policies are clear, effective, and are always 
observed

2 Policies are clear, effective, and are often 
observed

3 Policies are clear, effective, and are sometimes 
observed

4 Policies are clear, effective, but are not observed
5 Policies are unclear, ineffective, and are not 

observed
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4.4    VULNERABILITY OF WATERSHED TO ILLEGAL CUTTING,
 DEFORESTATION AND/OR BIODIVERSITY LOSS

Table 9. Guide in scaling of factors in vulnerability to illegal cutting, deforestation, and/or 
biodiversity loss

BIO-PHYSICAL 
FACTORS

CLASS DESCRIPTION

A. NATURE OF 
FOREST

1 Age and composition of tree species in the 
watershed make said species very lowly 
preferred and gathered illegally

2 Age and composition of tree species in the 
watershed make said species lowly preferred and 
gathered illegally

3 Age and composition of tree species in the 
watershed make said species moderately 
preferred and gathered illegally

4 Age and composition of tree species in the 
watershed make said species highly preferred 
and gathered illegally

5 Age and composition of tree species in the 
watershed make said species very highly 
preferred and gathered illegally

B. SLOPE, TERRAIN, 
ACCESSIBILITY AND 
ESCAPE ROUTES

1 Slope and terrain very lowly favor easy 
access and escape of poachers

2 Slope and terrain lowly favor easy access and 
escape of poachers

3 Slope and terrain moderately favor easy access 
and escape of poachers

4 Slope and terrain highly favor easy access and 
escape of poachers

5 Slope and terrain very highly favor easy access 
and escape of poachers

C. ROAD AND 
RIVER SYSTEMS FOR 
TRANSPORT

1 There are no road and/or river systems that 
facilitate easy transport of illegally gathered logs, 
poles, flitches and similar wood products

2 There are minimal road and/or river systems that 
facilitate easy transport of illegally gathered logs, 
poles, flitches and similar wood products

3 There are very few road and/or river systems that 
facilitate easy transport of illegally gathered logs, 
poles, flitches and similar wood products
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Table 9. Continued...

BIO-PHYSICAL 
FACTORS

CLASS DESCRIPTION

C. ROAD AND 
RIVER SYSTEMS FOR 
TRANSPORT

4 There are few road and/or river systems that 
facilitate easy transport of illegally gathered logs, 
poles, flitches and similar wood products

5 There are many road and/or river systems that 
facilitate easy transport of illegally gathered logs, 
poles, flitches and similar wood products

D. PESTS AND 
DISEASES

1 There are no reported recurring pests and 
diseases incidence that can cause serious 
deforestation in the watershed

2 There are reported recurring tree pests and 
diseases incidence but can cause insignificant 
damage

3 There are reported recurring tree pests and 
diseases incidence but can cause only few 
damage and can be remedied with minor 
replanting

4 There are reported recurring tree pests and 
diseases incidence that can cause damage in the 
watershed

5 There are reported recurring tree pests and 
diseases incidence that can cause major damage 
in the watershed 

E. OTHER NATURAL 
DISTURBANCE

1 The area is not prone to or has no reported 
recurring cases of natural disturbances such as 
typhoons, landslides, drought and invasive 
species

2 The area is slightly prone to or has few reported 
recurring cases of natural disturbances

3 The area is moderately prone to or has some 
reported recurring cases of natural disturbances

4 The area is prone to or has reported recurring 
cases of natural disturbances

5 The area is highly prone to or has many reported 
recurring cases of natural disturbances
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Table 9. Continued...

ANTHROPOGENIC
FACTORS

CLASS DESCRIPTION

A. PROPERTY 
RIGHTS AND ACCESS 
TO THE WATERSHED

1 Majority of the watershed is covered with defined 
property rights due to tenurial instruments and 
access is very limited

2 Access is relatively limited due to tenurial 
instruments covering some areas of the 
watershed

3 Limited to open access; without clear tenurial 
instruments

4 Unclear tenurial instruments; potential for 
encroachment is quite high

5 Open access to public; potential for squatting and 
encroachment is very high

B. FARMING 
SYSTEMS

1 Farming systems do not, in any way, pave way to 
illegal logging

2 Farming systems may slightly involve felling of 
and illegal gathering of trees

3 Farming systems may moderately involve felling 
of and illegal gathering of trees

4 Farming systems may highly involve felling of and 
illegal gathering of trees

5 Farming systems are fronts for illegal logging 
activities

C. OTHER ECONOMIC 
ACTIVITIES

1 There are no other economic activities in the 
watershed that favor deforestation or illegal 
logging (e.g., mining)

2 There are minimal other economic activities in the 
watershed that slightly favor deforestation

3 There are few other economic activities in the 
watershed that moderately favor deforestation

4 There are some other economic activities in the 
watershed that highly favor deforestation

5 There are many other economic activities in the 
watershed that highly favor deforestation
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Table 9. Continued...

ANTHROPOGENIC
FACTORS

CLASS DESCRIPTION

D. MARKET FOR 
ILLEGALLY 
GATHERED GOODS

1 Market and prices do not favor deforestation and 
illegal logging

2 Market and prices lowly favor deforestation and 
illegal logging

3 Market and prices slightly favor deforestation and 
illegal logging

4 Market and prices moderately favor deforestation 
and illegal logging

5 Market and prices highly favor deforestation and 
illegal logging

E. ENCROACHMENT 
AND SQUATTING

1 There are no cases of encroachment or squatting 
in the watershed

2 There are minimal cases of encroachment or 
squatting in the watershed with few reported 
cases of illegal logging and tree gathering

3 There are many cases of encroachment or 
squatting in the watershed with few reported 
cases of illegal logging and tree gathering

4 There are many cases of encroachment or 
squatting in the watershed with some reported 
cases of illegal logging and tree gathering

5 There are many cases of encroachment or 
squatting in the watershed with many reported 
cases of illegal logging and tree gathering

F. COMMUNITY 
PARTICIPATION IN 
PROTECTION 
MEASURES

1 The communities actively participate in any 
protection measures to prevent illegal logging

2 The communities often participate in any 
protection measures to prevent illegal logging

3 The communities sometimes participate in any 
protection measures to prevent illegal logging

4 The communities seldom participate in any 
protection measures to prevent illegal logging

5 The communities do not participate in any 
protection measures to prevent illegal logging
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Table 9. Continued...

ANTHROPOGENIC
FACTORS

CLASS DESCRIPTION

G. CUSTOMS AND 
TRADITIONS

1 Customs and traditions in the communitie do not 
involve illegal logging activities

2 Customs and traditions in the communities 
seldom involve illegal logging activities

3 Customs and traditions in the communities 
sometimes involve illegal logging activities

4 Customs and traditions in the communities often 
involve illegal logging activities

5 Customs and traditions in the communities 
always involve illegal logging activities

H. ATTITUDES, 
BELIEFS, AND 
PRACTICES

1 Attitudes, beliefs and practices in the 
communities do not involve illegal logging 
activities

2 Attitudes, beliefs and practices in the 
communities seldom involve illegal logging 
activities

3 Attitudes, beliefs and practices in the 
communities sometimes involve illegal logging 
activities

4 Attitudes, beliefs and practices in the 
communities often involve illegal logging activities

5 Attitudes, beliefs and practices in the 
communities always involve illegal logging 
activities

I. GOVERNANCE AND 
POLICIES

1 Forest governance is always visible and illegal 
logging policies are well enforced

2 Forest governance is often visible and illegal 
logging policies are sometimes enforced

3 Forest governance is sometimes visible and 
illegal logging policies are not enforced

4 Forest governance is seldom visible and illegal 
logging policies are not enforced

5 Forest governance is not visible and illegal 
logging policies are not always enforced
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Table 9. Continued...

ANTHROPOGENIC
FACTORS

CLASS DESCRIPTION

J. TENURIAL 
INSTRUMENTS

1 There are well-placed tenurial instruments 
covering most of the areas in the watershed that 
vouch for protection against illegal logging and 
deforestation

2 There are well-placed tenurial instruments in 
most of the areas in the watershed but protection 
against illegal logging and deforestation is not 
well enforced

3 There are tenurial instruments covering small 
parts of the areas in the watershed but protection 
against illegal logging and deforestation is not 
well enforced

4 There are no well-placed tenurial instruments in 
the watershed and protection against illegal 
logging and deforestation is seldom enforced

5 There are no well-placed tenurial instruments in 
the watershed and protection against illegal 
logging and deforestation is not totally enforced

K. FACILITIES AND 
EQUIPMENT

1 There are always available facilities and 
equipment that can be used by authorities and 
communities for surveillance and control against 
illegal logging

2 There are sometimes available facilities and 
equipment that can be used by authorities and 
communities for surveillance and control against 
illegal logging

3 There is a shortage of facilities and equipment 
that can be used by authorities and communities 
for surveillance and control against illegal logging

4 There is a serious shortage of facilities and 
equipment that can be used by authorities and 
communities for surveillance and control against 
illegal logging

5 There are no available facilities and equipment 
that can be used by authorities and communities 
for surveillance and control against illegal logging
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4.5    VULNERABILITY OF WATERSHEDS TO OTHER RESOURCES
 DEGRADATION

Table 10. Guide in scaling of factors in vulnerability to other resource degradation

BIO-PHYSICAL
FACTORS

CLASS DESCRIPTION

A. NATURE OF 
RESOURCES

1 The inherent characteristics of the resources do 
not make it easily degradable naturally or 
obtainable through illegal means

2 The inherent characteristics of the resources 
sometimes make it easily degradable naturally or 
obtainable through illegal means

3 The inherent characteristics of the resources 
often make it easily degradable naturally or 
obtainable through illegal means

4 The inherent characteristics of the resources 
most often make it easily degradable naturally or 
obtainable through illegal means

5 The inherent characteristics of the resources 
always make it easily degradable naturally or 
obtainable through illegal means

B. ACCESSIBILITY 1 The resource is not easily accessible to 
communities and would-be poachers

2 The resource is seldom easily accessible to 
communities and would-be poachers

3 The resource is sometimes easily accessible to 
communities and would-be poachers

4 The resource is often easily accessible to 
communities and would-be poachers

5 The resource is always easily accessible to 
communities and would-be poachers

C. SLOPE, 
TERRAIN AND 
ESCAPE ROUTES

1 Slope and terrain do not favor easy access and 
escape of poachers

2 Slope and terrain seldom favor easy access and 
escape of poachers

3 Slope and terrain sometimes favor easy access 
and escape of poachers

4 Slope and terrain often favor easy access and 
escape of poachers

5 Slope and terrain always favor easy access and 
escape of poachers
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Table 10. Continued...

BIO-PHYSICAL
FACTORS

CLASS DESCRIPTION

D. ROADS, RIVERS 
AND TRANSPORT 
SYSTEMS

1 There are no road, river and transport systems 
that facilitate easy movement of illegally gathered 
resources

2 There are minimal road, river and transport 
systems that facilitate easy movement of illegally 
gathered resources

3 There are few road, river and transport systems 
that facilitate easy movement of illegally gathered 
resources

4 There are some road, river and transport systems 
that facilitate easy movement of illegally gathered 
resources

5 There are many road, river and transport systems 
that facilitate easy movement of illegally gathered 
resources

E. PESTS AND 
DISEASES

1 There are no reported recurring pest and 
diseases incidence (when applicable) that cause 
serious degradation of the resource in the 
watershed 

2 There are reported recurring pest and diseases 
incidence but caused only negligible to minimal 
damage

3 There are reported recurring pest and diseases 
incidence but caused only moderate damage and 
can be remedied with minor rehabilitation

4 There are reported recurring pest and diseases 
incidence but caused minor damage in the 
watershed 

5 There are reported recurring pest and diseases 
incidence but caused severe damage in the 
watershed

F. OTHER NATURAL 
DISTURBANCES

1 The area is not prone to or have no reported 
recurring cases of natural disturbances such as 
typhoons, landslides, drought and invasive 
species

2 The area is slightly prone to have some reported 
recurring cases of natural disturbances

3 The area is moderately prone to or have some 
reported recurring cases of natural disturbances
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Table 10. Continued...

BIO-PHYSICAL
FACTORS

CLASS DESCRIPTION

F. OTHER NATURAL 
DISTURBANCES

4 The area is highly prone to or have many 
reported recurring cases of natural disturbances

5 The area is very highly prone to or have many 
reported recurring cases of natural disturbances

SOCIO-ECONOMIC, 
CULTURAL AND 
INSTITUTIONAL 

FACTORS
A. ACCESS TO THE 
WATERSHED

1 The watershed is not easily accessible to 
communities and gatherers

2 The watershed is seldom accessible to 
communities and gatherers

3 The watershed is sometimes accessible to 
communities and gatherers

4 The watershed is often accessible to communities 
and gatherers

5 The watershed is always accessible to 
communities and gatherers

B. RELATIVE 
IMPORTANCE OF THE 
RESOURCE

1 The resource is not very important to the daily 
lives of the communities and gatherers

2 The resource is seldom important to the daily 
lives of the communities and gatherers

3 The resource is sometimes important to the daily 
lives of the communities and gatherers

4 The resource is often very important to the daily 
lives of the communities and gatherers

5 The resource is always very important to the daily 
lives of the communities and gatherers

C. OCCUPANCY AND 
HABITATIONS

1 Most of the watershed is not occupied by upland 
communities

2 Few areas of the watershed are not occupied by 
upland communities

3 Some areas of the watershed are not occupied by 
upland communities

4 Many parts of the watershed are occupied by 
upland communities

5 Most of the watershed are occupied by upland 
communities
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Table 10. Continued...

SOCIO-ECONOMIC, 
CULTURAL AND 
INSTITUTIONAL 

FACTORS

CLASS DESCRIPTION

D. MARKET FOR 
ILLEGALLY 
GATHERED GOODS

1 Market and prices do not favor illegal gathering 
and wanton exploitation of the resource

2 Market and prices seldom favor illegal gathering 
and wanton exploitation of the resource

3 Market and prices sometimes favor illegal 
gathering and wanton exploitation of the resource

4 Market and prices often favor illegal gathering 
and wanton exploitation of the resource

5 Market and prices always favor illegal gathering 
and wanton exploitation of the resource

E. COMMUNITY 
PARTICIPATION IN 
PROTECTION 
MEASURES

1 The communities actively participate in any 
protection measures to prevent resource 
degradation 

2 The communities often participate in any 
protection measures to prevent resource 
degradation

3 The communities sometimes participate in any 
protection measures to prevent resource 
degradation

4 The communities seldom participate in any 
protection measures to prevent resource 
degradation

5 The communities do not participate in any 
protection measures to prevent resource 
degradation

F. CUSTOMS AND 
TRADITIONS

1 Customs and traditions in the communities do not 
involve illegal resource extraction activities

2 Customs and traditions in the communities 
seldom involve illegal resource extraction 
activities

3 Customs and traditions in the communities 
sometimes involve illegal resource extraction 
activities

4 Customs and traditions in the communities 
often involve illegal resource extraction activities

5 Customs and traditions in the communities 
always involve illegal resource extraction 
activities
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Table 10. Continued...

SOCIO-ECONOMIC, 
CULTURAL AND 
INSTITUTIONAL 

FACTORS

CLASS DESCRIPTION

G. ATTITUDES, 
BELIEFS AND 
PRACTICES

1 Attitudes, beliefs and practices in the 
communities do not involve illegal resource 
extraction activities

2 Attitudes, beliefs and practices in the 
communities seldom involve illegal resource 
extraction activities

3 Attitudes, beliefs and practices in the 
communities sometimes involve illegal resource 
extraction activities

4 Attitudes, beliefs and practices in the 
communities often involve illegal resource 
extraction activities

5 Attitudes, beliefs and practices in the 
communities always involve illegal resource 
extraction activities

H. GOVERNANCE 
AND POLICIES

1 Resource extraction governance is always visible 
and illegal logging policies are well enforced

2 Resource extraction governance is often visible 
and illegal logging policies are enforced

3 Resource extraction governance is sometimes 
visible and illegal logging policies are sometimes 
enforced

4 Resource extraction governance is seldom visible 
and illegal logging policies are not well enforced

5 Resource extraction governance is not visible and 
illegal logging policies are not enforced

I. FACILITIES AND 
EQUIPMENT

1 There are always available facilities and 
equipment that can be used by authorities and 
communities for surveillance and control against 
illegal logging

2 There are often available facilities and equipment 
that can be used by authorities and communities 
for surveillance and control against illegal logging

3 There are sometimes available facilities and 
equipment that can be used by authorities and 
communities for surveillance and control against 
illegal logging
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Computation:

a) Mark the numerical score for each item based on your literature, interviews,
    focus group discussions, direct observations, and Delphi approach.
b) Add the numerical scores for each item and divide the sum by the frequency.

c) Take the simple average and round up to a single digit.

d) Characterize your watershed in terms of vulnerability to hazards from the scales
    below:

     > 2.1   - Slightly Vulnerable

2.1 - 2.79 - Fairly Vulnerable

2.8 - 3.49 - Moderately Vulnerable

3.5 - 4.19 - Highly Vulnerable

     > 4.2   - Very Highly Vulnerable

Table 10. Continued...

SOCIO-ECONOMIC, 
CULTURAL AND 
INSTITUTIONAL 

FACTORS

CLASS DESCRIPTION

I. FACILITIES AND 
EQUIPMENT

4 There is a serious shortage of facilities and 
equipment that can be used by authorities and 
communities for surveillance and control against 
illegal logging

5 There are no available facilities and equipment 
that can be used by authorities and communities 
for surveillance and control against illegal logging
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ANNEX II. WATERSHED CHARACTERIZATION 
ANNOTATED OUTLINE

For ease in evaluating the completeness of watershed characterization reports, 
DMC 2008-05 is attached below for reference. 

The watershed is described or characterized in terms of its bio-physical (geology, 
landforms, climate, hydrology, soils, vegetation, fauna and natural hazards) and socio-
institutional characteristics. Suggested contents of watershed characterization document 
include:

I.    INTRODUCTION AND BACKGROUND INFORMATION
Describe the importance of the watershed. Include watershed name, total area, 

location in terms of provinces, municipalities and barangays covered (as appropriate). 
Include Integrated Watershed Management Plan (IWMP) purpose of characterization.

II.   PRESENT STATE OF THE WATERSHED
The narrative report on the present condition of the watershed shall be consistent 

with the thematic maps. Data shall as much as practicable be broken down by sub-
watersheds. 

2.1    PHYSICAL ENVIRONMENT

2.1.1  Geophysical Location

Discuss the watershed area (in ha.), its administrative jurisdiction, relative 
geographical location, and coordinates supported by base map and location maps.

2.1.2  Topography/Geo-morphological Features

Describe the topography of the watershed (slope, elevation and land forms), 
exposure and drainage patterns as well as its geo-morphological features.

Discuss how geo-morphological features influence the amount and velocity of 
water moving over land surfaces, their effects on soil erosion and suitability to various 
land uses.



73

Manual on Vulnerability Assessment of Watersheds

In order to determine watershed vulnerability the following shall be presented:

A. Watershed-shape Parameters

1. Area = Discuss the effects of peak flow and time for flood flow to reach a given 
station.  

2. Gravelius form factor = Discuss the relationship of the basin form factor with intense 
rainfall. 

3. Bifurcation ratio = Discuss the ratio of the number of streams (in the watershed) of 
any given order to the number of the streams in the next lower order and its influence on 
flood discharges. 

4. Elongation ratio = Discuss the ratio between the diameter of a circle with the same 
area as the watershed and the maximum length of the watershed (which is the distance 
from the outlet to the farthest point in the watershed).

5. Circulatory ratio (compactness coefficient) = Discuss the ratio of the circumference 
of a circle with the same area as the basin to the basin perimeter.

6. Basin length = Discuss the measure from the outlet of the basin to its drainage 
divide.

B. Watershed-Relief Features

1. Relief ratio = Discuss the relative relief ratio together with climatic factors of erosion 
in relation to sediment yield.

2. Relative relief  =       

  Gf  =       Average width     
 Axial length of basin

Relief ratio = Highest point - Lowest point
    Maximum basin length

     Highest elevation     
 Perimeter of the basin
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3. Elevation = Discuss the variation in elevation, median elevation and mean elevation 
of a watershed in relation to temperature and precipitation.

 

4. Slope = Discuss the mean slope, slope maps, maximum valley slope.

The following slope classification shall be used:

C. Channel Morphology  

Describe the drainage net of a watershed and correlate the hydrologic and sediment 
characteristics within the watershed using Cross section and profile; Sinuosity index (SI); 
stream ordering; and stream length.

D. Discuss the drainage texture of the watershed using the following:

1. Drainage density = Describe the efficiency with which a stream collects and 
discharges available water.

2. Discuss the stream density

      

3. Length of overland flow = Discuss the distance over which runoff will flow before 
concentrating into permanent channels.

      

 

Sub-watershed Slope Area (Hectares)
Level to gently sloping (0-8%)
Moderate (8-18%)
Steep (18-30%)
Very Steep (30-50%)
Severely Steep (> 50%)

Dd =   L   =    Total length of stream   
           A           Area of watershed

DS =   N   =    Number of streams   
           A           Area of watershed

Fl =     1    
        2 Dd
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2.1.3  Geology

Indicate and discuss the general geological composition, formation, age and 
lithology relative to map of geo-hazard areas/seismicity of areas near fault lines. Relate 
watershed geology to its hypsometry and its influence in the erosion cycle of the watershed.

Discuss the geological feature (textural and structural) of the watershed in relation 
to soil and water. Support with a geologic map. Discuss also whether there are indications 
of underground water, seepage and filtration. Indicate the effects of the geological feature 
on the watershed hydrology. Data may be accessed from the Mines and Geosciences unit 
of the DENR or from other concerned Offices.

2.1.4  Soil

Indicate and discuss major soil type condition and characteristics and erosion 
susceptibility based on soil map. Include the influence of soil characteristics and infiltration 
capacity of watersheds and subsequent surface runoff, groundwater recharge and 
related processes. Assess soil characteristics relative to the suitability of an area for crop 
production. 

Essential features to be included are:

A. Soil Texture = relative proportions of various size groups.

Clay = less than 0.002 mm in diameter.

Silt = greater than 0.002 mm but less than 0.05 mm.

Sand = greater than 0.05 but less than 200 mm 

B. Soil Structure  

Discuss the aggregation of primary soil particles into compound particles or 
clusters, in terms of grade (structureless, weak, moderate, strong); size (very fine, fine, 
medium, coarse and very coarse); and shape (platy, prismatic, columnar, blocky, sub-
angular, granular or crumb).

  

C. Bulk Density and Permeability 

Discuss the quality of soil that enables it to transmit water or air (very slow, slow, 
moderately slow, moderate, moderately rapid, rapid and very rapid).
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D. Erosion Condition  

Describe the area affected by various types of soil erosion prevailing in the 
watershed area such as:

• Non-slight erosion

• Moderate erosion

• Severe erosion

• Very severe erosion

Each degree or type of soil erosion should be presented by areas (in hectares) and 
supported with maps.

Emphasize water quantity, quality and appropriate uses.

Identify priority area requiring immediate attention and relate erosion condition 
with the suitability of land uses and the effectiveness of various conservation strategies.

E. Soil Fertility 

Discuss pH, plant nutrient and organic matter content and origin of parent material 
(e.g. limestone, volcanic, alluvial, etc.).

F. Soil Depth 

Discuss the conduct of soil survey and analysis. Collect soil samples from the 
upper, middle and lower elevations. Bring collected soil samples to the laboratory for 
analysis. Secondary data will suffice, if this information is available in other concerned 
agencies.

Indicate major soil type condition and characteristics and erosion susceptibility 
based on soil map. Include discussion on morphological characteristics and chemical 
properties of the soil in the watersheds.

2.1.5  Land Classification/Legal Status of Land

Discuss the extent of Alienable and Disposable (A & D) and forestland in terms 
of the area coverage within the watershed. Present the extent of area in tables and land 
classification map.
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2.1.6  Land Capability 

Discuss the capacity of land to support the production of a given combination of 
plants and animals and the allocation of different sub-watersheds to the best uses. 

The WMPT can use available system of land capability classification developed 
by the USDA Soil Conservation Service, or adopt the Land Management Unit (LMU) 
approach being employed by BSWM. 

2.1.7  Land Use

Make a survey of the land uses, either in the field or in the office using recently 
taken aerial photographs or satellite imageries. Most land uses, especially those that 
involve human interventions, affect soil properties of a watershed.

Discuss the prevailing and actual manner of utilization of land, its allocation, 
development and management. Discuss further its existing land use type per municipality 
and extent (in ha.), supported by tables.

Obtain land-based maps from BSWM-DA and forest cover maps of the country 
from NAMRIA. If resources are sufficient, gather also past and recent satellite images 
from various concerned sources.

• Land Use Category:

• Built-up areas

• Barren land

• Lahar

• Inland water

• Inland water pond

• Fishpond

• Agriculture areas

• Forest

- Production

- Protection

- Other uses/special uses
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Discuss in portion based on existing land use, tenurial arrangements and existing/
proposed foreign-assisted and locally funded projects in the watershed. Support discussion 
with the Municipal/Provincial land use map.

2.1.8  Climate

Indicate the climate type where the area belongs. Include climatic data on actual 
precipitation (rainfall distribution, pattern, intensity, amount and extreme rainfall events, 
air, temperature, evaporation, relative humidity and wind direction or velocity, if available).  
Where a weather station does not exist within the watershed, inferences may be drawn 
from climatic data obtained from the nearest PAGASA weather station.

Discuss the indicative influence of climate on the different bio-physical and socio-
economic features and process within a watershed.

 

2.1.9  Hydrology

Include data on surface run-off, stream flow or discharge, soil erosion and sediment 
load.

Relate description with the drainage map.  The following data are needed:

• Drainage pattern

• Stream flow rate (daily/annual)

• Peak flow and minimum flow

• Sedimentation

• Stream flow quantity/quality (dissolved chemical constituents such as Ca,   
nitrate, phosphate, etc. and micro-organisms like fecal and total coliform  
and physical and chemical properties of water (temperature, conductivity, pH, 
salinity, COD).

• Location of springs including discharge 

Water uses (irrigation, hydropower, domestic, industrial use, etc.) with an indication 
of the water yield in terms of quality (potability pollution level) and quantity (volume and 
flow regime).

Discuss the stream flow rate and quality by using a wide variety of methods and 
instrumentations. Data can be generated through various means such as rainfall-stream 
flow relationship and modeling.
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2.1.10  Infrastructure

Describe all existing/proposed infrastructure facilities/projects to be introduced.  
Indicate this in the land uses map.

2.2    BIOLOGICAL RESOURCES

2.2.1  Vegetation 

Discuss the vegetation analysis in determining the composition, type and structure 
of plant communities, volume and density of trees and percent ground and canopy cover 
in the watershed.

Use aerial photographs and remotely sensed imageries of vegetation distribution 
and quality information, as available.

Present the existing forest cover, including species composition of the watershed, 
supported by vegetative cover map. Results shall be presented in terms of volume, 
biodiversity indices, and/or endangered/threatened status. Use the Food and Agriculture 
Organization (FAO) land/forest cover categories:

• Forest

 ♦ Closed Broadleaved Forest

 ♦ Open Broadleaved Forest

 ♦ Closed Coniferous Forest

 ♦ Open Coniferous Forest

 ♦ Closed Mixed Forest

 ♦ Open Mixed Forest

 ♦ Closed Broadleaved Plantation

 ♦ Open Broadleaved Plantation

 ♦ Closed Coniferous Plantation

 ♦ Open Coniferous Plantation

 ♦ Closed Bamboo/Boho Formation

 ♦ Open Bamboo/Boho Formation

 ♦ Closed Mangrove Forest

 ♦ Open Mangrove Forest
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• Other Wooded Land

 ♦ Shrubs

 ♦ Forest Fallow System

 ♦ Wooded Grassland

• Other Lands

 ♦ Grassland

 ♦ Marshland

 ♦ Annual Crop

 ♦ Perennial Crop

2.2.2.  Fauna 

Assess the faunal population in a watershed to determine species composition, 
density, distribution or occurrence and diversity for proper management. Present results of 
faunal inventory in terms of volume, biodiversity indices and/or conservation status.

Enumerate the conservation status whether critically endangered, endangered, 
vulnerable, other threatened species, and other wildlife species. 

2.3    SOCIO-ECONOMIC SURVEY AND DEMOGRAPHY

Describe and analyze the socio-economic features of the watershed. Discuss 
the roles of the various stakeholders within the watershed that influence the watershed 
sustainability.

The WMPT can use the following primary data collection tools: informal survey, 
direct observation, use of key informants, groups or individual interviews, iterative 
discussion/village-level participatory workshop, and formal verification survey.

2.3.1  Population Density

Gather information on the number of population segregated by sex, age and their 
distribution in the watershed area by barangay. Tabulate data by barangay and attach as 
appendix. These data may be taken from the office of the Barangay Captain or Office of 
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the Mayor.  Make appropriate graphs and tables.  Relate discussion on the population 
map.

 2.3.2  Age Structure

Indicate age range and dependency ratio of the present population within the locality 
or affected areas. Classify according to age classes. Use this information to estimate the 
number of potential workers or respondents in the watershed.  

 2.3.3  Household/Family Size

Indicate average number of persons per household. Gather data from the municipal 
office or the Barangay Captains. These data should be tabulated for presentation.

 2.3.4  Livelihood and Income/Profile/Sources

Present level of income of the occupants based on their current occupation.  
Discuss the average annual household income per municipality and primary sources of 
livelihood in the community. Validate these during the field visits.

These data can be gathered from existing municipal socio-economic profile.

 2.3.5  Sectoral Production

Discuss the major source of livelihood in the community with respect to agriculture, 
fishery, forestry, mining and quarrying trade and industry, financing network and other 
industry type.

 2.3.6  Employment Pattern and Projection

Indicate current employment and unemployment status opportunities and 
projections up to the next 10 years.

 2.3.7  Social, Educational and Medical Services

Discuss birth, mortality statistics as well as the medical services in the community.  
Generate statistics on the educational attainment of the people and social services 
available in the area. Tabulate the data.
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 2.3.8  Transportation and Communication

Discuss the accessibility of the project area and the means of transportation 
available. Data on this may be taken from the road map of the municipality. Indicate also 
the frequency of trips per day. Gather data during field visits.

 2.3.9  Tourism and Recreation 

Indicate the existing and potential ecotourism and recreational spots in the locality 
and the number of visitors in the area’s tourist spots.

 2.3.10  Religious Sectors, Political and Social Organization

 2.3.10.1  Cooperative/NGOs/Social Organization

Discuss accredited or non-accredited NGOs within the area and services rendered 
and extended to the people in community development projects. Indicate dialects spoken 
by the people.  

 2.3.10.2  Religion

Indicate the religious affiliation of the various households in the community.

 2.3.10.3  Political 

Discuss the political units and boundaries of districts, municipalities, chartered 
cities, barangay and sitios. Associate this with the political map of the area affected.

 2.3.10.4  Citizen Participation

Describe the participation of residents and private organizations in decision-
making, consultation, dialogues, election, etc.

 2.3.10.5  Ancestral Domain Claims

Discuss areas with Certificate of Ancestral Land Claim (CALC)/Certificate of 
Ancestral Domain Claim (CADC) issuances.
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 2.3.11  Behavioral and Cultural Pattern

Discuss the activities and cultural patterns, motivation, reaction and folkways 
of the indigenous people and other occupants in the watershed. Include their positive 
and negative responses and attitudes, along with their reasons, towards projects and 
interventions.

III.   VULNERABILITY ASSESSMENT
Determine and describe the vulnerability of the watershed to natural and 

anthropogenic hazards (landslide, flood, fire, deforestation, biodiversity loss, pollution, 
etc.) based on the results of numerical scores of the various factors used in the analysis.  
The following scales are recommended: < 2.1 – slightly vulnerable (low vulnerability), 2.1-
2.79 – fairly vulnerable, 2.8-3.49 – moderately vulnerable, 3.5-4.19 – highly vulnerable, > 
4.2 – very highly vulnerable.

Conduct consultations or workshops in coming up with mitigating measures to 
address the hazards and in coming up with policy recommendations.

Identify the Hazard and Critical Factor Analysis for the following: Landslide and 
Soil Erosion, Flood, Fire, Deforestation and Biodiversity Loss, Water Pollution and others.

Determine the hazards in terms of their impact to communities, present coping-up 
mechanisms and gender sensitivity.

Discuss the mitigation and policy recommendations. 

IV.   ANALYSES OF ENVIRONMENTAL ISSUES, PROBLEMS AND
       OPPORTUNITIES

Discuss both the identified and potential environmental issues/problems and 
opportunities for each ecosystem in the watershed, based on the analysis of the data 
presented earlier.

• Forest Ecosystem

• Upland Ecosystem

• Grassland Ecosystem

• Lowland/Urban Ecosystem

• Coastal and Marine Ecosystem
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V.   MAPS
The following maps (with the scale of 1:50,000) shall be submitted and correlated 

along with the narrative discussion. The maps should be properly dated and referenced.  
Mapping conventions in terms of legends and colors, positioning as legends etc. should 
be observed and followed.

5.1    LOCATION MAP

Map showing the location of the watershed coordinates.

5.2    POLITICAL/ADMINISTRATIVE BOUNDARY MAP

Map indicating boundaries of provinces and municipalities/barangays covered by 
the watershed including road network.

5.3    CLIMATIC CLASSIFICATION MAP

Map showing the climatic type of the watershed.

5.4    TOPOGRAPHIC MAP

Map showing the topography and elevations.

5.5    SLOPE MAP

Map showing the slope category of the area.

   

  

5.6    GEOLOGIC MAP

Map showing the geological features of the area.

 

SLOPE CATEGORY SLOPE RANGE
Level to gently sloping 0-8%
Moderate   8-18%
Steep 18-30%
Very steep 30-50%
Severely steep above 50%
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5.7    SEISMICITY MAP FROM PHIVOLCS

Map showing the location of faultlines, if applicable.

5.8    DRAINAGE MAP

Map showing the drainage system of the area.

5.9    SOIL MAP

Map showing the physiological properties and location of soil sampling sites.

5.10  VEGETATIVE LAND COVER MAP

Map showing the land/forest cover of the area.

5.11   LAND USE MAP

 Land Use Category should include the following:

• Built-up area

• Forest

 ♦ Production

 ♦ Protection

• Agriculture

 ♦ Ricefield

 ♦ Cornland

 ♦ Plantation

 ♦ Other Fruits

 ♦ Livestock Farm

 ♦ Fishponds

 ♦ Prawn Farms

 ♦ Saltbeds

 ♦ Others
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• Other Uses/Special Uses

 ♦ Tourism/Outdoor Recreation

 ♦ Memorial Park

5.12  LAND MANAGEMENT MAP

• Showing areas covered by TL’s

• Community-Based Forest Management Agreements (CBFMAs)

• Development Projects

• Foreshore leases

• Private lands

• National Integrated Protected Area System (NIPAS) areas

• Integrated Forest Management Agreement (IFMA)/Socialized Integrated 
Forest Management Agreement (SIFMA) areas

• Forest land grazing leases

• Military reservation

• Watershed reservations

• Communal Forest

• Mineral reservations and areas covered by mining rights

• Others

5.13  LAND CLASSIFICATION MAP

Map showing the boundaries of permanent forest and identifying boundary conflicts 
between Land Classification (LC) and cadastral maps.

 

5.14  SOIL EROSION MAP

Map showing the erosion susceptibility of the area. 

 Description

 Non-slight erosion

 Moderate erosion

 Severe erosion

 Very severe erosion
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5.15  POPULATION MAP

Map indicating the size of the population per settlement group within the watershed.

 

5.16  INFRASTRUCTURE MAP

Map showing the different structures within the area.

5.17  LAND CAPABILITY

Based on the map prepared by the BSWM.

5.18  MAP OF GEO-HAZARD AREAS

Bases on maps prepared by MGB.

VI.   ANALYSES OF DATA AND INFORMATION GATHERED IN THE
       CHARACTERIZATION PHASE

The WMPT shall analyze data gathered based on the integrated and participatory 
management, development and rehabilitation requirements of the watershed in relation 
to the interrelationships of problems and issues existing from the forests down to the 
coastal areas. As such, the nature and extent of best watershed uses shall be based 
on the quantity and quality of stream flow, rate of sedimentation, level of biodiversity, 
and economic activities to be maintained by stakeholders under sustainable watershed 
management.

The WMPT could use any analysis tool depending on the availability of information, 
the peculiarity of the watershed, and the capacity of the team.

Some of the tools often used are as follows:

1. SWOT Analysis

SWOT Analysis is a strategic planning tool used to evaluate the Strengths, 
Weaknesses, Opportunities and Threats involved in a development initiative. It is basic, 
straightforward model that provides direction and serves as a basis for the development 
of plans. It is the first stage of planning and helps design makers to focus on key issues.  
It involves specifying the objective of the project and identifying the internal and external 

factors that are favorable and unfavorable to achieving that objective. The role of 
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SWOT analysis is to take the information from the environmental analysis and separate 
it into internal issues (strengths and weaknesses) and external issues (opportunities and 
threats). Once this is completed, SWOT analysis determines if the information indicates 
something that will accomplish its objectives (a strength or opportunity), or if it indicates 
an obstacle that must be overcome or minimized to achieve desired results (weakness or 
threat).

Simple rules for successful SWOT Analysis:

• Be realistic about the strengths and weaknesses when conducting SWOT 
analysis.

• SWOT analysis should distinguish between what is the condition of the area 
today, and what it could be in the future.

• SWOT should always be specific.

• Keep your SWOT short and simple.  Avoid complexity and over analysis.

• SWOT is subjective.

2. Problem Tree Analysis

Problem tree analysis is central to many forms of project planning and is well-
developed among development agencies.  Problem tree analysis (also called Situational 
analysis or just Problem analysis) helps to find solutions by mapping out the anatomy of 
cause and effect around an issue. This brings several advantages:

• The problem can be broken down into manageable and definable categories.  
This enables a clearer prioritization of factors and helps focus objectives;

• There is more understanding of the problem and it’s often interconnected and 
even contradictory to causes. This is often the first step in finding win-win 
solutions;

• It identified the constituent issues and arguments, and can help establish who 
the political actors and what processes are at each stage;

• It can help establish whether further information, evidence or resources are 
needed to make a strong case, or build a convincing solution;

• Present issues – rather than apparent, future or past issues are dealt with and 
identified; and
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• The process of analysis often helps build a shared sense of understanding, 
purpose and action.

Discussion questions might include:

• Does this represent the reality? Are the economic, political and socio-cultural 
dimensions to the problem considered?

• Which causes and consequences are getting better, which are getting worse 
and which are staying the same?

• What are the most serious consequences?  Which are of most concern?  What 
criteria are important to us in thinking about a way forward?

• Which causes are easiest/most difficult to address?  What possible solutions 
or options might there be?  Where could a policy change help address a cause 
or consequence, or create a solution?

• What decisions have we made, and what actions have we agreed? 

Steps

• List all the problems that come to mind.  Problems need to be carefully identified; 
they should be existing problems not possible, imagined or future ones.  The 
problem is an existing negative situation and not the absence of a solution.

• Identify a core problem (this may involve considerable trial and error before 
settling on one).

• Determine which problems are “Causes” and which are “Effects”.

• Arrange in hierarchy both Causes and Effects, i.e. how do the causes relate to 
each other – which leads to the other.

3. Geographic Information System (GIS)

A Geographic Information System (GIS) is a computer-based tool for mapping and 
analyzing things that exist and events that happen on earth. GIS technology integrates 
common database operation such as query and statistical analysis with the unique 
visualization and geographic analysis benefits offered by maps Environmental Systems 
Research Institute (ESRI). Among other things, GIS is an information technology which 
stores, analyzes and displays both spatial and non-spatial data. It is a decision support 

system involving the integration of spatially-referenced data in a problem solving 
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environment. Also known as geospatial technology, GIS is able to integrate spatial data 
into new analytical information. 

For the DENR Field Offices to perform GIS tasks, the following components are 
needed: (i) People – with background on and/or interested to work in GIS; (ii) Data – 
availability and accuracy of the data can affect the integrity of the produced thematic maps; 
(iii) Hardware – hardware capabilities can affect processing speed, ease of use and the 
type of output available; (iv) Software – different GIS softwares are available, these include 
not only actual GIS software but also various database, drawing, statistical, imaging and 
other softwares; and (v) Procedure – analysis requires well-defined, consistent methods 
to produce accurate, and reproducible results.

To prepare GIS-based thematic maps of the watershed, any of the following data 
sources could be used depending on what is available: hardcopy maps (sometimes 
referred to as analogue maps); aerial photographs; remotely sensed imagery; point data 
samples from surveys (e.g. GPD readings); and existing digital data files.  However, it is 
important to use the Topographic Map of NAMRIA (with scale of 1:50,000) as reference in 
preparing the base map of the watershed.

There are several techniques to input spatial data into a GIS: manual digitizing; 
automatic scanning; enter coordinates using coordinate geometry; and conversion of 
existing digital data.

The GIS output could be used as inputs for watershed planning purposes and 
bases for decision-making. Areas need immediate interventions could be identified through 
watershed modeling (e.g. hydrological, sedimentation or erosion modeling).

4. Land Use Determination Matrix

The analyses of the data gathered during the characterization phase shall be 
based on the development and rehabilitation requirements of the watershed in relation to 
the problems on deforestation and the general loss of the soil fertility due to soil erosion or 
the rapid destruction of soil organic matter.  These are as follows:

• For open, cogonal and degraded areas = Reforestation;

• For brushland with sporadically growing forest trees = Assisted Natural 
Regeneration (ANR);

• For cultivated areas = Agroforestry;

• For coastal areas = Plantation establishment (in areas without mangrove 
plantations) or Protection (in areas with natural mangrove plantations);
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• For inadequately stocked forest areas = Enrichment planting;

• For Alienable & Disposable (A & D) areas = Seedling production for distribution 
to assist in the rehabilitation of their areas;

• For river banks and buffer zones of A & D = Structural/vegetative measures;

• For areas dominated by agricultural/swidden farms/kaingin = Agriculture (0-
18% in slope)/Agroforestry (18-30% slope with slight erosion and 0-18% slope 
with severe or very severe erosion)/Production Forest (18-30% slope with 
severe erosion or 30-50% slope with slight erosion)/Protection Forest (18-30% 
slope with severe erosion or 30-50% with severe to very severe erosion and all 
areas above 50% in slope);

• For areas dominated by grasslands and shrublands = Agriculture (0-18% in 
slope)/Agroforestry (18-30% slope with slight erosion)/Production Forest (18-
30% slope with severe erosion or 30-50% slope with slight erosion)/Protection 
Forest (18-30% slope with very severe erosion or 30-50% with severe to very 
severe erosion and all areas above 50% in slope);

• For areas dominated by brushlands = Agriculture (0-18% slope)/Agroforestry/
Production Forests-ANR (18-30% slope)/Production Forests (all areas 30-50% 
slope)/Protection Forests (all areas above 50% in slope); and

• For areas dominated by residual forests = Agriculture (all areas 0-18% slope)/
Agroforestry/Production Forests-ANR/Timber Stand Improvement (TSI) (all 
areas 30-50% slope)/Protection Forests – ANR/TSI (all areas above 50% in 
slope).

5. Other Analysis Tool

Should there be other appropriate tools made available, these would provide 
additional analysis and determine several options for development interventions in a 
watershed.
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Annex III. GIS-ASSISTED APPROACH TO 
VULNERABILITY ASSESSMENT

Annex 3 serves as a visual aid of the lecture/presentation on the concepts and 
application of the MANIFOLD System on vulnerability assessment. This is included 
as part of this manual to help readers understand the computer-assisted process of 
vulnerability assessment work. If you are interested to view the presentation better, it can 
be downloaded from the ERDB website (www.erdb.denr.gov.ph). 

             

             

            

               

                

   

                     

Annex 3.1   Basic Concepts of MANIFOLD System
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3.2   Application of MANIFOLD Software: Landslide Assessment 

Vulnerability Assessment

A particular hazard will be considered separately.  This is due to the difference 
of the factors, thus the calculation of a particular hazard (such as soil erosion, landslide, 
flooding, forest fires, etc.) will depend on the factors identified that significantly affect the 
hazard.

In the case of soil erosion, you can use the USLE or other soil erosion models 
(Lanuza 2007). For landslide, you can also adopt the Landslide model by Lanuza (2007) 
with factors modified from Vulnerability Assessment Guide prepared by Dr. Daño.  The 
determination of flood prone areas follows some principles which declare all elevation 
below the highest water mark during the worst flooding as flood prone areas.  You can use 
other models.

Generation of Surfaces from Drawings of Factors using Manifold as Input 
to Landslide VA

Slope Category with Hazard Values

• Generate a Surface from Contours (DEM)

Commands: Right click on the drawing (with contours) and press Copy.  In the 
Project Pane, right click and select Paste As, Surface, then a Paste as Surface Dialog 
Box will appear.  Input Height as Elevation, Type as Floating-point (single), Pixel Size 
as 10 or higher depending on the size of watershed, and Method as Triangulation (flat), 
and press OK.  In this example, 10 x 10 pixel size is used.

• Duplicate the DEM file and rename it as Slope

Commands: Go to Edit Menu and choose Save Mask-channel and save Surface 
Slope and press OK.

• Change the Display as Slope

Commands: Press View, Display Options. Choose Slope and choose a palette 
of five (5) colors and press OK. 
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• Create Contours from DEM with Slope Display

Commands: Click Surface Menu, choose slope contours: areas between heights 
enter slope category:

 0-8

        8.1-18

      18.1-30

      30.1-50

      50.1-100 and press OK

Results to image contour drawing including Table.

 

• Add a Column in the Table for Hazard Values

Commands: On Table, add a column and rename it as Hazard Rating and enter 
Slope Category 1, 2, 3, 4 and 5. Press OK.

• Generate Surface from Slope Category with Hazard Values 

Commands: Click the drawing and then copy paste as Surface. Choose Hazard 
Rating in the dialog box, height: no interpolation, 10 x 10 pixel size. 

• Add a Column in the Table for Hazard Values

Commands: Double click the Table component (Soil Map) in the Project Pane.  
Then, right click on the column of the Table and press Add, Column and the Add Column 
Dialog Box will appear. Type the Name (Hazard) and Type (Integer) of the column and 
press OK.  Input  the hazard values and these will depend on the nature of soil.

• Generate a Surface from Soil Map with Hazard Values

Commands: Right click on the Drawing (Soil Map with Hazard Values) in the 
Project Pane and press Copy. In the Project Pane, right click and select Paste As,  
Surface, then a Paste as Surface Dialog Box will appear. Input Height as Hazard, Type as 
Floating-point (single), Pixel Size as 10 or higher depending on the size of watershed, 
and Method as No Interpolation (default), and press OK. In this example, 10 x 10 pixel 

size is used.
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• Add a Column in the Table for Hazard Values

Commands: Double click the Table component (Land use Map) in the Project 
Pane. Then, right click on the column of the Table and press Add, Column and the Add 
Column Dialog Box will appear.  Type the Name (Hazard) and Type (Integer) of the column 
and press OK. Input the hazard values and these will depend on the land use type.

Geology Map with Hazard Values

• Add a Column in the Table for Hazard Values

Commands: Double click the Table component (Geology Map) in the Project 
Pane. Then, right click on the column of the Table and press Add, Column and the Add 
Column Dialog Box will appear. Type the Name (Hazard) and Type (Integer) of the column 
and press OK. Input the hazard values and these will depend on the geological age.

• Generate a Surface from Geology Map with Hazard Values

Commands: Right click on the Drawing (Geology Map with Hazard Values) 
in the Project Pane and press Copy. In the Project Pane, right click and select Paste 
As, Surface, then a Paste as Surface Dialog Box will appear.  Input Height as Hazard, 
Type as Floating-point (single), Pixel Size as 10 or higher depending on the size of 
watershed, and Method as No Interpolation (default), and press OK.  In this example, 
10 x 10 pixel size is used.

Fault Map with Hazard Values

• Generate a Surface from Fault Map with Hazard Values 

Commands: Double click the Table component (Fault Line Values) in the Project 
Pane. Then, right click on the column of the Table and press Add, Column and the Add 
Column Dialog Box will appear.  Type the Name (Hazard) and Type (Integer) of the column 
and press OK. Input the hazard values and these will depend on the relative distance of 
fault lines.

• Generate a Surface from Fault Map with Hazard Values 

Commands: Right click on the Drawing (Fault Map with Hazard Values) in 
the Project Pane and press Copy. In the Project Pane, right click and select Paste As, 

Surface, then a Paste as Surface Dialog Box will appear. Input Height as Hazard, 
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Type as Floating-point (single), Pixel Size as 10 or higher depending on the size of 
watershed, and Method as No Interpolation (default), and press OK. In this example, 10 
x 10 pixel size is used.

Rainfall Amount Map with Hazard Values

• Generate Surface from Rainfall Amount Map

Commands: Right click on the Drawing (Rainfall Map with Hazard Values) in 
the Project Pane and press Copy. In the Project Pane, right click and select Paste As  
Surface, then a Paste as Surface Dialog Box will appear. Input Height as Hazard, Type as 
Floating-point (single), Pixel Size as 10 or higher depending on the size of watershed, 
and Method as Kriging, and press OK.  In this example, 10 x 10 pixel size is used.

• Create Contours from Surface of Rainfall Amount

Commands: Double click the Rainfall Amount (Surface component) in the 
Project Pane and Press Surface, Contours and input the name in the Name Field in 
the Contour Dialog Box. Also, in the Create Field, press the pull down menu and select 
Areas Between Heights. Then, change the Height based on the values contained in the 
manual. Press Add button if you need more categories and press OK. A new drawing will 
appear in the Project Pane with Rainfall Amount category specified. You can check by 
displaying the table (double click on the table).

• Add a Column in the Table for Hazard Values

Commands: Double click the Table component (Rainfall Amount Category) in 
the Project Pane. Then, right click on the column of the Table and press Add  Column and 
the Add Column Dialog Box will appear. Type the Name (Hazard) and Type (Integer) of 
the column and press OK. Input values (1, 2, 3, 4 and 5 for very low, low, moderate, high 
and very high, respectively) of the new column.

• Generate Surface from Rainfall Amount Category with Hazard Values

Commands: Right click on the Drawing (Rainfall Amount Category with Hazard 
Values) in the Project Pane and press Copy. In the Project Pane, right click and select 
Paste As, Surface, then a Paste as Surface Dialog Box will appear. Input Height as 
Hazard, Type as Floating-point (single), Pixel Size as 10 or higher depending on 
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the size of watershed, and Method as No Interpolation (default) and press OK. In this 
example, 10 x 10 pixel size is used.

Calculation of Areas Vulnerable to Landslide

• Create a Map Component Containing the Surfaces of all Factors Identified

Commands: Press File, Map and a Create Map Dialog Box will appear. Type or 
input the Name of the Map (VA for Landslide, as my example) and check the Surface 
components to include.

• Calculate the Landslide Vulnerability

Commands: Select any Surface Component in the Map and press Surface    
Transform and a Transform Dialog Box will appear.  Press the pull down menu for Scope 
and select All Pixels. In the Formula Field, input the following:

([Slope Category Factor]*0.35) + ([Rainfall Factor]*0.25) + ([Fault Factor]*0.10) + 
([Geology Factor]*0.10) + ([Landslide Factor]*.10) + ([Soil Factor]*0.10)

This formula will depend on the model that you will adopt. Thus, the coefficients 
will be variable. Check the option on Save result as new component and press OK.  
The execution of this mathematical operation will result to  a map indicating the areas 
vulnerable to landslide. The categories shall be based on the manual prepared by Dr. 
Daño as:

         > 2.1  = Slightly Vulnerable

   2.1 – 2.79  = Fairly Vulnerable 

 2.79 – 3.49  = Moderately Vulnerable

 3.49 – 4.2  = Highly Vulnerable

         > 4.2  = Very Highly Vulnerable
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3.3   GIS-Assisted Approach in Soil Erosion Assessment using
MANIFOLD Software (Reynaldo Lanuza)
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