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ABSTRACT: This study aimed to assess the flood vulnerability of households in Barangay Taguibo, Butuan City, 

identified through spatial overlay analysis of the existing flood hazard map of the READY project and the actual 

flood extent, depth, and water velocity that were determined through the use of Global Positioning System (GPS) 

and field interview with the people in the area. Originally, there were 107 households listed by the barangay as 

flood-prone but only a total of 59 households were interviewed and analyzed for their vulnerability because the rest 

have already resettled in other places. Exposure (i.e. flood depth and water velocity), sensitivity (i.e. house design 

such as elevated and non-elevated floor, floor materials and sources of income), and adaptive capacity (i.e. amount 

of income, household size, education/awareness, household head age, access to communication services, structural 

and non-structural measures) were the factors used to assess the vulnerability of the people exposed to flood.  The 

study showed that the area has high social vulnerability because majority of the household head has low level of 

income, ruled by elderly household head (older than 60 years), and majority of the household heads were not able to 

pursue high school and college. The study recommended more adaptive capacity measures in order to improve 

significantly its preparedness, reduce vulnerability, manage the floods, and to minimize and combat the effects of 

flood that will continue to occur in the future.  

 

1. INTRODUCTION 

 

The Philippines is confronted with the impacts of global warming as one of the effects of climate change. These 

effects certainly threaten to undermine the development prospects and exacerbate the vulnerability of the poorer 

communities (Munasinghe, 2000) particularly the poor, women and children.  

 

Frankee-Reed (2011) mentioned that the potential damage due to flood is dependent upon the sensitivity of the 

elements (i.e. people, property, crops, etc.) exposed to it. However, it can be mitigated or reduce d by implementing 

measures that can increase the adaptive capacity of these elements.  Thus, vulnerability increases as the magnitude 

of exposure or sensitivity increases and decreases as adaptive capacity increases. Morris (2008) however, contends 

that risk is dependent on the severity of the associated hazard and vulnerability.  

 

Vulnerability is a dynamic process that depends upon the social, economic and political contexts which changes 

over the time. The concept of vulnerability to certain hazard such as flood is the degree to which the system is and 

unable to cope with its adverse effects. It is a function of the character, magnitude or intensity of flood to which a 

system is exposed, its sensitivity, and its adaptive capacity. Thus, vulnerability to flood can be measured as a direct 

function of socio-economic indicators  and flood characteristics and indirectly related to adaptive capacity .  

 

To study the impact of flooding, Hadjimitsis (2007) and Smith (2001) used Geographic Information System (GIS), 

a computer-based technology used to capture, store, manage, integrate and analyze geographically referenced 

information, as tool to map spatial extent of flood and identify the elements vulnerable to flood.  Lowry, Miller, and 

Hepner (1995) also used GIS in various fields of study including real time decision making, strategic planning, 

flood risk management and hazard preparedness to improve warning, evacuation, and emergency response systems.  

 

With the threats of climate change, this particular study aimed to generate information and methods to identify 

flood-safe areas for expansion of settlement and/or existing settlement areas that need to be protected through 

mitigation measures.  With this, flood risk management as an important key component for a sus tainable land 

administration system is organized to address issue on land management and flooding. The process of having 

managed flood events should lead to a process of improved flood vulnerability assessment to be incorporated into 

the overall land use planning and management where the latter should then feed back into improving the resilience 

of vulnerable communities and reduce future flood risks leading towards sustainable development.  

 



The Philippine government and the Local Government Unit of Butuan City are actively conducting disaster risk 

reduction and management (DRRM) activities in anticipation of the impacts of climate change in the city. A GIS-

aided flood vulnerability assessment would certainly help the city find better solutions and adaptatio n strategies to 

reduce the damage due to flood particularly to the people of Barangay Taguibo.  

 

2. MATERIALS AND METHODS 

 

The existing flood hazard map, an output of the READY project conducted by the National Disaster Coordinating 

Council (NDCC) was utilized and validated in the field. The households affected by flood were identified through 

spatial overlay analysis using Geographic Information System (GIS) software.  After identification they were 

characterized since these characteristics were required in order to asses flood vulnerability depending on their 

exposure, sensitivity, and adaptive capacity during the occurrence of floods.  

 

The socio-economic data (i.e. livelihood, income, education, household size, dependency ratio of the household 

age, house type, and access to communication services) were obtained from the interview output to assess flood risk 

perceptions employed by the affected respondents at various stages of flood occurrence. The characteristics of the 

flood such as extent, depth, and velocity were also collected. The respondent provided the information of flood 

depth in the study area by using measuring tape which was used to determine the depth from the ground surface to a 

certain level of flood marks. The flood depth for each household was identified from the interpolated flood depth 

points through Inverse Distance Weighted (IDW) using GIS techniques. 

 

The flood vulnerability analysis on households exposed to flood in Barangay Taguibo was assessed using nominal 

scale (i.e. low, medium, high).  On the contrary, the classification was determined through Focused Group 

Discussion (FGD) method using Flood Vulnerability Ranking (FVR) tool adopted from Participatory Wealth 

Ranking by Gibbons et al. (1999). On the other hand, a general Flood Vulnerability Index (FVI) computation for all 

scales was introduced (Balica, 2009). The equation links the values of all indicators to flood vulnerability 

components and factors (exposure, sensitivity and adaptive capacity).  

 

The result of the FVR process was compared to the result of Flood Vulnerability Index (FVI) computation to obtain 

another assessment and ranking of resident’s vulnerability and socio -economic dimensions of household flood 

vulnerability. As a basis for understanding the nature and extent of differential flood vulnerability, household 

adaptive capacity measures were also examined. These variables formed as basis for determining the extent to 

which socio-economic variables explained overall patterns of differential household flood vulnerabilit y. 

 

3. RESULTS AND DISCUSSION 

 

The flood hazard map of Butuan City which is an output of the READY project conducted by the National Disaster 

Coordinating Council was shown in Figure 1. It shows the flood prone areas in Butuan City as well as its 

neighboring barangays including Barangay Taguibo and classified as low, moderate and high flood  risk areas. 

Based on this map, the flood hazard map of Barangay Taguibo was extracted as shown in Figure 2. This map shows 

that 36% or 268 hectares of Barangay Taguibo is considered as high flood risk areas, 4% or 27 hectares is classified 

as moderate flood risk areas and 60% or 449 hectares of the area was classified as low flood risk. 
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Figure 1. READY project map of Butuan City Figure 2. Flooding Map of Barangay Taguibo based 

on READY project 



Figure 3 shows the overlay of the two flooding maps based on the READY Project and the actual flooding based on 

GPS survey. Comparing the actual flood extent map with the READY flood hazard map, the actual flood extent has 

only 95 hectares or 13% of 744 hectares flood risk area as classified by the READY project. The combined 

flooding characteristics map was shown in Figure 4. The flood depth and water velocity were categorized by the 

affected respondents in three classes with corresponding score (i.e.1-low, 2-moderate, 3-high) as shown in Figure 5 

and 6, respectively. The flood depth is considered “high” by the respondents when it already disrupts their activities 

and threatens their belongings while flood depth is considered as “low” if it does not really bring damage to their 

houses and belongings. On the other hand, the velocity of water is considered “high” when the force of the water 

could wash away almost everything on its path and bring damages to their houses. The affected residents must stay 

at home and could not go to work even when the velocity of water is “moderate”. The velocity of water is 

considered “low” when they can do their daily activities easily.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There were clear differences between flooding based on READY project compared to flooding based on GPS 

survey. The flooding map generated based on GPS survey showed the extent of flooding in the area that were 

considered historically as flooded areas based from the records of the barangay as well as from the personal recount 

of the residents. But in the READY project, there are some parts of the barangay indicated in the map as highly 

flood risk areas but were not deemed as flooded. The main reason for this is that there are already flood control 

structures (i.e. dike, floodwalls) built by the government along the Taguibo River t hat converted some formerly 

flood-prone areas into flood-free areas. This information was captured during the field interview which is not done 

when the READY project map was prepared.  

 

3.1   Flood Vulnerability Assessment of Households 

 

The results of the assessment were based on the perceptions and knowledge of the community affected by flood. 

The residents in the study area engaged in vulnerability assessment came up with a collective understanding on 

what they consider vulnerable conditions based on their exposure, sensitivity, and adaptive capacity during flood 

events. 

 

Figure 3. Overlay of the READY flood map and 

actual flooding map based on GPS survey 

Figure 4. Combined flooding characteristics  

based on GPS survey 

Figure 5. Flood depth map Figure 6. Flood velocity map 



The households that are exposed to flooding are located in Purok-1, Purok-4, Purok-5, and Purok-6A due to its flat 

terrain and its proximity to the Taguibo River (Figure 7). There were 107 households exposed to flood according to 

the Barangay Disaster Risk Reduction and Management Committee (BDRRMC) of Barangay Taguibo.  

 

The household exposure to flood such as flood depths and 

water velocity coupled with socio-economic factors 

(Figure 8) such as livelihood, income, family size, 

education, household head dependency ratio and sources 

of communication services indicates disparity of assessing 

people’s vulnerability to flood. Floor foundation  (elevated 

and non-elevated) and floor material description are 

important determinants of household flood vulnerability  

as shown in Table 1 and 2, respectively. As measures of 

flood vulnerability, the nature of building designs and the 

overall amenities associated with the house add to its 

quality. Housing quality determines whether the house 

would withstand on the massive power of flood waters. 

On the other hand, capacity building measures can be 

defined as any action undertaken to lessen the 

vulnerability of the system, population or individual to the 

unfavorable effects of flood. In relation to flood, the local officials of Barangay Taguibo have already laid out 

measures, both structural and non-structural, to mitigate the effect of flood as shown in Table 3.  

 

 
 

 

 

 

Figure 7. Affected Households 

Figure 8. Household socio-economic characteristics: (a) Age of household head (b) Household size 

(c) Education (d) Livelihood (e) Income (f) Sources of communication  

 

 



Table 1. Floor foundation 

    Floor Category No. of Households Percentage (% ) 

 Elevated 45 76 

    Non-elevated 14 24 

    TOTAL 59 100 

 

Table 2. Floor material description 

             Floor material No. of House Percent (% ) 

 Wood 29 49 

 Bamboo 16 27 

 Cement 10 17 

 Soil 3 5 

 Cemented with tiles, linoleum 1 2 

            TOTAL 59 100 

 

Table 3. Structural and non-structural flood related measures  

Structural Measures Non-structural Measures 

Dikes Contingency Plan for Flood 

Floodwalls Formation of task units  

Dams Early warning system/ flood gauge 

 Evacuation Plan 

 Relocation Plan 

 

The flood vulnerability assessment of affected household was obtained using Flood Vulnerability Ranking (FVR) 

and Flood Vulnerability Index (FVI) tools. The flood vulnerability assessment of affected household was obtained 

during Focus Group Discussion (FGD) with a group of key informants using Flood Vulnerability Ranking (FVR) 

tool. Figure 9 shows the spatial distribution of affected households who rated by the key informants according to 

their vulnerability to flood (i.e. low, medium, high) using Flood Vulnerability Ranking (FVR) tool.There were 23 

households rated with low vulnerability (39%), followed by 29 households rated with medium vulnerability (49%), 

and only 12% with high vulnerability that were rated to 7 households. 

 

On the other hand, using Flood Vulnerability Index (FVI) computation, there were 17 household with low FVI 

scale (29%), the majority with medium FVI scale (46%) comprises of 27 households, and only 15 households with 

high FVI scale (25%). Figure 10 shows the spatial distribution of affected households who rated to their 

vulnerability to flood (i.e. low, medium, high) using Flood Vulnerability Index (FVI) computation.  These results 

were used as indicators for assessing perceived household flood vulnerability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 and Figure 11 show the results of Flood Vulnerability Ranking Tool (FVR) and Flood Vulnerability Index 

(FVI) computations. Combining the two methods, (22%) of the total households are rated the same as  low 

vulnerability and majority (25%) of the households are rated as medium vulnerability. Only 5% rated as high 

vulnerability. There are 14 numbers of households (24%) rated as low vulnerability in FVI and medium 

vulnerability in FVR tool. There are also 12 numbers of households (21%) with medium vulnerability in FVR and 

high vulnerability in FVI tool. More than one-half of the households having similar vulnerability scale (56%) and 

Figure 9. Household flood vulnerability  

assessment using FVR 

 

Figure 10. Household flood vulnerability  

assessment using FVI 

 



only 44% having different results. This is because these two methods have its own criteria on how to assess and 

compute flood vulnerability. But the results of different scale are not far from each household’s vulnerability scale.  

 

Table 4. The results based from FVR and FVI assessment methods  

Vulnerability Scale 
Number of Households Percentage (% ) 

FVR FVI 

Low Low 13 22 

Medium Medium 15 25 

High High 5 8 

Low Medium 14 24 

Medium High 12 21 

TOTAL 59 100 

 

 

 

            

In comparative terms, the vulnerability assessment for households includes factors that comprise the s ocio-

economic condition and how the households are exposed (i.e. flood depth and water velocity) and sensitive to flood 

hazards. These factors have an impact to the community differently in their everyday life. Say for instance two 

households rated themselves in different vulnerability level, Household 1 rated as “low vulnerability” and 

Household 2 rated as “medium vulnerability”, both having the same flood depth and water velocity but they differ 

in other socio-economic aspects. All these disparities, distribution and importance of socio-economic factors 

somehow determine that, when compared with each other, one household become more vulnerable than other 

households even if they are exposed to the same flood depths and water velocity. Thus, socio -economic parameters 

indicated that not all households living in the same surveyed affected areas live exactly in the same way. 

 

3.2   Recommended Adaptive Capacity Measures to Reduce Vulnerability 

 

The recommended adaptive capacity measures are entirely based on the  interview with the respondents as well as 

analysis of the past flood events. To minimize the negative impact of the floods, the following additional adaptive 

capacity measures are recommended: 

 

a) Instituting an additional early warning system - Instituting an early warning system depends upon the 

effectiveness of the dissemination of information to the public, the time available, and the actions taken in response. 

The local officials (Purok leaders), Barangay Police (Tanod), and rescue squads were responsible for the 

dissemination of information to the affected respondents. Radio and TV programs were also notified to broadcast 

the information. 

b) Education and awareness programs - One of the important prerequisite to increasing adaptive capacity and 

reduce vulnerability is to increase the awareness of people in relation to floods and to promote education programs 

through trainings, seminars, workshop, etc. for all respondents. This makes the population in general more prepared 

to face small to large floods and to act effectively when they occur.  

Figure 11. Distribution of the results of two vulnerability assessment method  

 



c) Flood impact regulations - Flood impacts regulation defines the flood hazard associated to different Purok 

along the river basin and low elevation areas. The local authorities of Brgy. Taguibo are responsible for formulating 

flood impact regulations in preparation for an emergency. The Local Government Unit of Butuan City and 

Barangay Taguibo have to regulate the expansion of human settlements, infrastructures, and economic activity 

affected by flooding. These regulations should be included in the Comprehensive Land Use Plan (CLUP) 

particularly in zoning ordinance. 

d) Building and housing codes  - Building and housing codes can help reduce flooding to structures by setting 

specifications to (1) require and establish minimum protection elevations for the first floors of structures; (2) restrict 

use of materials that deteriorate when inundated; and (3) require an adequate structural design, one that can safely 

withstand the effects of water pressure and flood velocities during flood events. 

 

4. CONCLUSION 

 

Flooding is a common hazard that many countries experience regularly. In Butuan City, particularly in Barangay 

Taguibo had experienced flood due to excessive rainfall and caused damages to property. The researcher had made 

use of the Butuan City Flooding Map of READY project to validate community information related to flood based 

on their knowledge and experience. Using Global Positioning System (GPS), the flood extent, flood depth, and 

flood velocity were determined.  

 

The vulnerability of each households has been analyzed and assessed using different factors that may contribute to 

their vulnerability to flood. They are rated using vulnerability scale (i.e. high, medium, low) depending on the 

factors that comprise their socio-economic condition and how they are exposed to flood hazard such as flood depth 

and water velocity.The area has high social vulnerability because of low income level of 71% of the household head 

who had a monthly income ranging from Php.1,000 to Php.5,000. Most of them were under large household size 

composed of more than 5 family members and depended much on agriculture for their livelihood. They are ruled by 

elderly household head (older than 60 years) so they were found to be more vulnerable, as they need some  help or 

assistance to evacuate from the floods. The majority of the household heads were not able to pursue high school and 

college. However, cellular phone ownership is high even among households with low monthly income. Hence, they 

have high access to flood information. House designs are mostly made of elevated floor that obviously can safely 

withstand to the effects of water depth and flood velocity during flood events. 

 

Therefore, the integration of spatial and social information is important to validate the information. Identification 

and characterizing the households at risk are valuable for flood vulnerability assessment.  
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