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Figure 1.1: Number of great catastrophes from 1950 -2001  
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Figure 1.2. Number of disaster attributed to floods from 1975 to 2001 
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Figure 1.3 Stages of operational risk management 
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1.3. Research Objectives 

1.3.1. Main Objective 
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Figure 1.4:Flood risk identifycation from communities perspective�
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2. Flood vulnerability assessment, 
literature review 

2.1. Introduction 
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2.3. Flood risk and disaster management 
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Figure 2.1 Framework for flood risk assessment and risk management (UNISDR 2002) 
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2.4. Vulnerability 
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2.5. Vulnerability assessment 
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2.6. Urban vulnerability 
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2.6.1. Exposure 
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2.6.2. Structural vulnerability of buildings 
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2.6.2.1. Building location 
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2.6.3. Social vulnerability 
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2.6.4. Economic vulnerability 
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2.7. Community vulnerability assessment 
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2.8. Vulnerability models 

2.8.1. HAZUS model  
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Figure 2.2: HAZUS Flood Methodology – FEMA 
 

2.9. GIS for risk identification 
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3. Methodology for vulnerability 
assesment  

3.1. Introduction 
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3.2. Pelling conceptual model 
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Figure 3.1: Components of environmental risk – Pelling 2003 
�

3.3. Household livelihood security assessment (HLSA) 
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3.4. Quantification of vulnerability 
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3.4.2. Presentation of Vulnerability Index/Indicators 
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4. Description of the Study area  

4.1. Background 
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Table 4.1 number of people killed and affected by disasters in the Philippines during the past two 
decades 
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Figure 4.1: Location map of the Philippines and Naga City 
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4.2. Naga city  
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Table 4.2 Naga Historical Growth of Population from 1903-1995 (CLUP 2000) 
YEAR POPULATION GROWTH 

RATE 
1903 
1918 
1939 
1948 
1960 
1970 
1975 
1980 
1990 
1995 

17,943 
9,396 

22,505 
56,238 
55,506 
79,846 
83,337 
90,712 

115,329 
126,972 

- 
(4.22%) 
4.25% 

10.71% 
(0.11%) 
3.70% 
0.86% 
1.71% 
2.43% 
1.94% 

�
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Figure 4.2: Naga City, flood hazard map for a 10 years return period  

 
Figure 4.3: Land use change from 1994 to 2000 
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4.3. Flood related facts 
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Table 4.4 population at risk in residential zones by flood-return period in Naga 
Flood Return Period High Risk 

Residential 
Area (Ha.) 

% To Total 
Residential 

Area 

Estimated 
Population 

At High 
Risk (1999) 

Estimated 
Population At 
Medium/High 
Risk (1999) 

1.8-year return period 30.29 23 % 10,248 25,339 
3-5 year return period  87.88 25 % 12,425 26,403 
5-year return period  121.48 35 % 16,891 29,619 
10-year return period  191.51 55 % 25,581 42,235 
20-year return period 259.42 75 % 32,238 43,023 

   Source: Naga City Disaster Mitigation Plan, 1998 
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Table 4.5 Number of families in high flood risk areas 
BARANGAY  FAMILIES 
Triangulo 
Sabang  
Abella  
Calauag  
Tabuco  
Igualdad 

734 
568 
557 
549 
389 
332 

 Total  3129 
Source: NCDMP, 1998 
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4.4. Vulnerability and risk assessment in Naga – Naga City Disaster 
Mitigation Plan (NCDMP) 
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4.5. Study area: Mabolo and Triangulo 
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Figure 4.4: Location of Mabolo and Triangulo within Naga City 
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4.5.1. Barangay Mabolo 
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Figure 4.5: Structural, social and economic characteristics found in Mabolo 
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4.5.2. Barangay Triangulo 
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Figure 4.6 some of the social and structural characteristics found in barangay Triangulo. 
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Figure 4.7 Location of barangays Mabolo and Triangulo in relation to Naga and Bicol rivers 
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5. Data collection, processing and 
analysis 

5.1. General 
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Figure 5.1 Spatial location of the 120 samples in Mabolo and Triangulo 
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Figure 5.2: Workshop carried out in Mabolo 

 
Figure 5.3: Workshop carried out in Triangulo 

5.2.3. Questionnaires 
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Figure 5.4: Data collection in the field - Questionnaires 
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5.2.4. Database  
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Table 5.1: Description of the attribute table and records for the vulnerability 
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5.3. Drawbacks and constraints 
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Figure 5.5 Heterogeneous distribution of wall materials in Triangulo 
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Figure 5.6  Household composition in Triangulo 
�

���  ������ @�A� 
��� 
$#�� � � ���
� 
������  ���
� ��� !������$� ���������� ��� 
��#��$�
�� �
� ���
�"�
��
���%����
�� �
����������������	�
�
�������
�
��
����#��"�
������  �	����$��%��
�!$�

�����"������
��������#��
�� �
����,��������##�����,�
����������%�$������
�� �%�$���



FLOOD VULNERABILITY ASSESSMENT: STRUCTURAL, SOCIAL AND ECONOMIC ASPECTS 

57 

�

Figure 5.7 land tenure types found in barangay Triangulo 
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6. Flood Scenarios: Mabolo and 
Triangulo 

6.1. Introduction 
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6.2. Flood scenarios 
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Table 6.1: Equivalence of Water depths from body parts to meters 
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6.3. Flood scenario in Triangulo 
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Table 6.2: Household sample 

Triangulo    
Zone No. Households 5% 10% Sample 

3 296 14.8 29.6 23 
4 265 13.25 26.5 20 
5 137 6.85 13.7 10 
6 321 16.05 32.1 11 

Total 1019 50.95 101.9 64 
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Figure 6.1: Raster Map -Maximum Water Depth in Triangulo 
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6.4. Flood Impact in Triangulo 
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Figure 6.2: Socio-economic impact in Triangulo 

6.5. Flood scenario in Barangay Mabolo 
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Table 6.3: Household sample 

Mabolo       
Zone No. Households 5% 10% Sample 

2 196 9.8 19.6 5 
3 315 15.75 31.5 23 
4 210 10.5 21 16 
5 204 10.2 20.4 14 
6 161 8.05 16.1 7 

Total 1086 54.3 108.6 65 
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Figure 6.3: Raster Map - Maximum Water Depth in Mabolo 
 

6.6. Flood Impact in Mabolo 
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Figure 6.4: Socio-economic impact in Mabolo 
 

6.7. Community perception  
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7. Flood Vulnerability Assessment for 
Mabolo and Triangulo 

7.1. Introduction 
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Table 7.2: Pairwise Comparison Matrix for Structural Indicators 
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Table 7.3: Normalization and Weights of Structural Indicators 
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Table 7.5: Indicators and classes of the structural vulnerability 
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Table 7.6: Structural Vulnerability Limits 
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7.3. Social Vulnerability 
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Table 7.8: Normalization and Weights for Social Indicators 
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7.4. Economic Vulnerability 
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Table 7.11: Pairwise Comparison Matrix for Economic Indicators 
Pairwise Comparison 

Economic Indicators   EcV1 EcV2 EcV3 EcV4 EcV5 
Main source of Income EcV1 1 1 0.2 1 0.33 
Location of source of income EcV2 1 1 5 1 3 
Number of Income sources EcV3 5 0.2 1 1 5 
Daily Income EcV4 1 1 1 1 5 
Land Tenure EcV5 3 0.33 0.2 0.2 1 
              
Total   11 3.53 7.4 4.2 14.33 
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Table 7.12: Normalization and Weights for Economic Indicators 
Normalization 

  EcV1 EcV2 EcV3 EcV4 EcV5 Total Weights 
EcV1 1.8 5.7 0.5 4.8 0.5 13.2 3 
EcV2 1.8 5.7 13.5 4.8 4.2 29.9 6 
EcV3 9.1 1.1 2.7 4.8 7.0 24.7 5 
EcV4 1.8 5.7 2.7 4.8 7.0 21.9 4 
EcV5 5.5 1.9 0.5 1.0 1.4 10.2 2 
                
Total 20 20 20 20 20   20 
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Table 7.13: Indicators and classes for economic vulnerability 
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Table 7.14: Economic Vulnerability Limits 

Economic 
Weights 1 3 5 

3 3 9 15 
6 6 18 30 
5 5 15 25 
4 4 12 20 
2 2 6 10 

        
  20 60 100 
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Figure 7.1 Structural Vulnerability Classes at Household Level in Barangay Mabolo and Triangulo 
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Figure 7.2: Social Vulnerability Classes at Household Level in Barangay Mabolo and Triangulo 
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Figure 7.3: : Economic Vulnerability Classes at Household Level in Barangay Mabolo and Triangulo 
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7.5. Comparison between Mabolo and Triangulo 
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7.5.1. Structural indicators 
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7.5.2. Social indicators 
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7.5.3. Economic indicators 
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Figure 7.4 : Comparison of structural indicators between Mabolo and Triangulo 
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Figure 7.5: Comparison of social indicators between Mabolo and Triangulo 
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Figure 7.6: Comparison of economic indicators between Mabolo and Triangulo 
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7.5.4. Vulnerability comparison between Mabolo and Triangulo 
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Figure 7.7: Comparison of vulnerabilities between Mabolo and Triangulo 
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7.6. Correlations and histograms  

7.6.1. Correlations of vulnerabilities 
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Table 7.15: Correlations between Structural and Social Vulnerabilities 

    St_Vln Sc_Vln 
Pearson 
Correlation 1 .182(*) 

Sig. (2-tailed) . .039 

St_Vln 

N 129 129 
Pearson 
Correlation .182(*) 1 

Sig. (2-tailed) .039 . 

Sc_Vln 

N 129 129 
*  Correlation is significant at the 0.05 level (2-tailed). 

 
  
Table 7.16: Correlations between Structural and Economic Vulnerabilities 

    St_Vln Ec_Vln 
Pearson 
Correlation 1 .171 

Sig. (2-tailed) . .053 

St_Vln 

N 129 129 
Pearson 
Correlation .171 1 

Sig. (2-tailed) .053 . 

Ec_Vln 

N 129 129 
 
  
Table 7.17: Correlations between Economic and Social Vulnerabilities 

    Ec_Vln Sc_Vln 
Pearson 
Correlation 1 .012 

Sig. (2-tailed) . .895 

Ec_Vln 

N 129 129 
Pearson 
Correlation .012 1 

Sig. (2-tailed) .895 . 

Sc_Vln 

N 129 129 
 

7.6.2. Histograms of vulnerabilities 
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Figure 7.8 : Histogram of the Structural Vulnerability distribution in both barangays 
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Figure 7.9: Histogram of the Social Vulnerability distribution in both barangays 
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Figure 7.10: Histogram of the Economic Vulnerability distribution in both barangays 
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8. Discussion, conclusions and 
recommendations 

8.1. Discussion 
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8.2. Conclusions 
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Appendices  

Appendix A: Workshops results of Mabolo and Triangulo 

BARANGAY MABOLO 

1. Identification of flood scenarios – Mabolo 
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3. Vulnerability perception - Mabolo 
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4. Risk perception - Mabolo 
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5. Programs and Projects - Mabolo 
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Barangay Triangulo 

1. Identification of flood scenarios – Triangulo 
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2. Flood impact in different flood scenarios – Triangulo 
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3. Vulnerability perception – Triangulo 
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5. Programs and Projects – Triangulo 
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6. Policies and ordinances – Triangulo 
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Appendix B: Questionnaire 
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