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Executive Summary 
 

English 
 

AURECON (previously AFRICON) has been appointed by the Western Cape Department 

of Local Government and Housing (DPLG&H) to develop a vulnerability index for informal 

settlements in the province. The study was based on the National Housing Demand (NHD) 

database compiled for the Western Cape Province in 2007/08 and the Directorate: 

Disaster Management and Fire Brigade Services’s Disaster Risk (flood and fires) Analysis 

for informal settlements. The NHD database contained the coordinates and socio-

economic data of all informal settlement dwellings in the Western Cape Province. Risk–

variables, such as water and sanitation services, electricity access, density, fire and flood, 

were used to determine the living conditions and disaster risk, respectively. 

 
 

Afrikaans 
 

AURECON (voorheen AFRICON) was aangestel deur die Wes Kaapse Departement van 

Plaaslike Regering en Behuising om ‘n kwesbaarheid indeks te bepaal vir all informele 

nedersettings in die provinsie. In die studie moes daar gebruik maak word van die 

Nationale Behuisings Behoefte (NBB) databasis vir die Wes Kaap Provinsie soos 

saamgestel in 2007/08 en die Informele Nedersetting Ramp Risiko Waardering. Die NBB 

databasis bevat koordinaat data sowel as sosio-ekonomiese data wat gebruik is om die 

risiko weens lewenstoestande te bepaal ten opsigte van sanitasie, water- en 

elektisiteitsvoorsiening. In die Ramp Risiko Waardering is die 100 mees kwesbare 

informele nedersettings ten opsigte van vloede en vure bepaal. Die risiko faktore is 

bereken en geklassifiseer om die kwesbaarste informele nedersettings in die provinsie te 

identifiseer.  
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1 Background 

AURECON was appointed to develop a vulnerability index allowing for the prioritisation of 

all informal settlements in the Western Cape. This index was developed from existing data 

which forms part of the Housing Demand Database. The prioritisation of informal 

settlements based on fire and flood risk completed by the Directorate: Disaster 

Management and Fire Brigade Services in April 2008 were also included in this index. 

2 Project Scope 

The project scope entails the development of a vulnerability index for informal settlements 

in the Western Cape based on the calculation of a risk-factor for each. Risk-variables were 

identified by the DPLG&H as risk indicators. The variables are:  

 

• Risk-factor 1: Risk due to living conditions 

 The following parameters would be used to determine the risk due to living 

 conditions: 

� Density (number of dwelling units per hectare); 

� Water availability (number of standpipes per number of dwelling units); 

� Sanitation availability (number of toilets per number of dwelling units); 

� Access to electricity; 

� Health conditions (TB prevalence of clinics as proxy for TB prevalence of 

informal settlement that fall within the “catchment area” of a specific clinic). 

 

• Risk-factor 2: Disaster Risk 

A disaster risk analysis was completed for the Directorate: Disaster Management 

and Fire Brigade Services in April 2008. This data and findings will be included to 

determine the disaster risk in terms of the following two major hazards in the 

Western Cape Province: 

� Fire risk; 

� Flood risk. 

 

The following assumptions with regards to the research population will be accepted as 

determined by the DPLG&H: 

• Dependency on public transport thus general poor accessibility to transport 

opportunities; 
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• Low household income; 

• Low employment level; and 

• Low skills level. 

3 Methodology 

3.1 Data Cleaning 

In the first phase of the project, the NHD database had to be obtained, cleaned and 

prepared before continuing to next phase. The deliverable for the phase was to create a 

point shapefile of all the spatial locations of each dwelling in an informal settlement and a 

polygon (area) shapefile for each informal settlement’s physical boundaries/perimeter. The 

flow chart for this phase is shown in Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1: Phase 1- Data Cleaning 

 

A point shapefile of each dwelling was created using the coordinates captured in the NHD 

database. The AREA and TOWN fields were concatenated into one field called, JOIN. 

Services for each informal settlement were calculated using the Summarise function on 

the Area field of the point shapefile and the result were exported to a database file (dbf). 

 

Thereafter an ArcGIS 9.x extension, XToolsPro, was used. XToolsPro is freeware 

extension that can be downloaded from www.xtoolspro.com, and has a tool called, Create 

Convex Hull Polygon (use DETAIL option). This tool was used to draw a boundary around 

clusters of dwelling points with the same informal settlement name, using the JOIN field. 
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The Convex Hull Polygon tool creates an area/perimeter shapefile, for informal 

settlements, as shown in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Creation of Informal Settlement Shapefiles (point and polygon) 

 
The final Informal Settlements Vulnerability Index shapefile was created by joining the 

database file created for the summation of services to the convex hull polygon based on 

the field, JOIN, and thereafter exporting it to a new shapefile without any joined tables. 

 

At the beginning of the study it was decided to calculate the dwelling density as follow: 

 

Density = number of dwellings units/area (hectare) 

 
In the final methodology, it was decided to calculate density parameter as the amount of 

occupants per hectare in an informal settlement, thus: 

 

Density = number of occupants/area (hectare) 

 

The reason for this approach being that the size of families living in informal dwellings has 

an influence on the pressure exercised on the existing services. This is more indicative 

than just considering the amount of dwellings. 

3.2 Statistics Calculation 

The statistical calculations were done for each risk-variable in the second phase. Each risk 

variable was quantified based on the level of basic services (water, sanitation, electricity 
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and health) provided to each dwelling. These values were limited to, “YES” (access to 

service) and “NO” (no access to service) after consulting with the DPLG&H. It must be 

emphasised that the access to services was considered and not the quality of that service. 

Thus, for example, water availability was measured if there was a standpipe in the vicinity 

of the dwelling irrespective if it was 200 meter or 1 kilometre walk. Boolean values were 

assigned to the categorising risk-variables “YES” and “NO” values, where “YES” was 

allocated “1” and “NO” was “0”. Thereafter the values was summarised using the ArcGIS 

9.2 field operation, Summarise, to calculate the amount of dwellings that have access to 

various services per informal settlement. This value was converted into a percentage for 

each informal settlement. The following risk variables were categorised as follow: 

3.2.1 RF1 – Water Availability 

 Available Water Services Types Category  Boolean  

1 No access to piped (tap) water No 0 
2 Piped (tap) water on community stand: distance 

greater than 200 m from dwelling 
Yes 1 

3 Piped (tap) water on community stand: distance 
less than 200 m from dwelling 

Yes 1 

4 Piped (tap) water inside yard Yes 1 
5 Piped (tap) water inside dwelling Yes 1 
6 Other Yes 1 

Table 1: Water Service Types 

3.2.2 RF1 – Sanitation Availability 

 Available Sanitation Services Types Category  Boolean  

1 Flush toilet (connected to sewerage system) 
inside the dwelling 

Yes 1 

2 Flush toilet (connected to sewerage system) 
outside the dwelling 

Yes 1 

3 Flush toilet (with septic tank) inside the house Yes 1 
4 Flush toilet (with septic tank) outside the house Yes 1 
5 Chemical toilet inside the house Yes 1 
6 Chemical toilet outside the house Yes 1 
7 Pit latrine with ventilation Yes 1 
8 Pit latrine without ventilation Yes 1 
9 Bucket latrine Yes 1 
10 None No 0 

Table 2: Sanitation Types 
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3.2.3 RF1 – Access to Electricity 

 Available Electricity Services Types Category  Boolean  

1 Access to electricity Yes 1 
2 No Access to Electricity No 0 

 
Table 3: Electricity Access 

3.2.4 RF1 – Health Conditions 

TB was stipulated by DPLG&H as an indicator of health conditions within informal 

settlements. The original proposed methodology was to use TB prevalence of clinics as a 

proxy for TB prevalence within the informal settlements that fall within the “catchment 

areas” of the different clinics. Thus, a buffer of a predetermined distance would be placed 

around a clinic to extract its service (“catchment”) area as shown in Figure 2. The obtained 

TB cases for each clinic would be linked to the respective service area, using GIS. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Clinic Catchment Area (polygon) 

 

After a consultation meeting with Director: Clinical Research, Dr Nulda Beyers, at the 

Desmond Tutu TB Centre, University of Stellenbosch (US), it was recommend not to  use 

this method due to its unreliability as a result of unpredictability of patient behaviour and 

the  nature of TB data captured at clinics. 

 

Clinics Catchment Area Informal Dwellings River 
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People tend to go to clinics for TB treatment that is close to their work place or outside 

their community where the risk of stigma is less. Thus, it would be inaccurate to assume 

that the service areas of clinics are only a certain radius around a clinic.  

 

TB data captured by clinics can also not be regarded as a true representation of TB cases. 

This can be attributed to the two types of TB data i.e. prevalence data and proxy of 

incidence. Proxy of incidence is health data from clinics that indicates the amount people 

that receive medical services for TB. This is not accurate data as undetected cases in the 

public are not included. Prevalence data are based on door-to-door surveys being done 

where TB testing is done free of charge. The results are accurate but limited to small areas 

where surveys have been executed (Beyers 2008).  

 

The Desmond Tutu TB Centre has done prevalence surveys for certain areas in the Cape 

Town area. Dr Beyers said that agreements could be reached between the DPLG&H and 

US for the possible sharing of data between the two entities. This will allow for the possible 

inclusion of US TB data in the vulnerability index for the future.  

 

After a discussion with Research Manager, Ilse Eigelaar-Meets, at the DPLG&H, it was 

decided to exclude the TB data risk-variable from the vulnerability index until more 

accurate TB data can be obtained and a proper list of Western Cape clinics and their 

locations can be compiled. 

3.2.5 RF2 – Fire 

A study was done for the Directorate: Disaster Management and Fire Brigade Services in 

April 2008 where the 100 most vulnerable informal settlements in terms of fire and flood 

were determined. This report can be obtained from Deputy Director Disaster Management, 

Dr Elmien Steyn (esteyn@pgwc.gov.za), at the Directorate: Disaster Management and 

Fire Brigade Services. The settlement area, number of dwellings, average wind speeds 

and calms were parameters considered when determining the fire risk. A total of 35 was 

identified outside the City of Cape Town are and were joined with the NHD point shapefile 

based on spatial location.  

3.2.6 RF2 – Floods 

In the flood risk calculation the perimeter and area were taken into consideration as well as 

intersections with watercourses or wetlands. A buffer analysis of 25m around water 
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courses was used to identify areas where informal settlements would be vulnerable 

(Provincial Disaster Management 2008). 

 

In the flood study 65 informal settlements were identified outside the City of Cape Town 

area. The informal settlements from this study were joined with the NHD point shapefile 

based on spatial location. 

3.3 Scoring and Classification 

3.3.1 Score 

The calculated values in the previous phase had to be classified. The following 

classification was assigned for each risk-variable: 

 
 Quantity Unit Score Weight 

Density 

 0-45 Dwellings/unit 1 Low 

 45.1-90 Dwellings/unit 2 Medium 

 90.1-827 Dwellings/unit 3 High 

     

Water Availability 

 0-80 Percentage 3 High 

 80.1-90 Percentage 2 Medium 

 90.1-100 Percentage 1 Low 

     

Sanitation Availability 

 0-80 Percentage 3 High 

 80.1-90 Percentage 2 Medium 

 90.1-100 Percentage 1 Low 

     

Electricity Access 

 0-80 Percentage 3 High 

 80.1-90 Percentage 2 Medium 

 90.1-100 Percentage 1 Low 

     

Fire/Flood 

 0-33 Ranking 3 High 

 33-66 Ranking 2 Medium 

 67-100 Ranking 1 Low 

Table 4: Classification 
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3.3.2 RF1 – Risk due to living conditions 

The risk due to living conditions score was calculated by adding all the values for the 

socio-economic risk-variables together and classifying it. The classification of the risk due 

to living conditions is shown in Table 5. See Appendix A for the informal settlements with 

the highest risk due to living conditions score. 

 
 
 
 
 

 
Table 5: Socio-economic Classification 

3.3.3 RF2 - Disaster Risk Classification 

The disaster risk scores were added and classified. The result is shown in Table 6. See 

Appendix B for the informal settlements with the highest disaster risk score. 

 
 
 
 
 
 

Table 6: Disaster Risk Classification 

3.3.4 Vulnerability Index Classification 

The final score for vulnerability was calculated by adding all the values for the risk-

variables (socio-economic and disaster risk) together and classifying it. The resulting value 

would be classified according to Table 7. See Appendix C for the informal settlements with 

the highest vulnerability index score. 

Quantity Classification 

0-6 Low 

7-10 Medium 

11-18 High 

 
Table 7: Vulnerability Index Classification 

 

 

 

Quantity Classification 

0-4 Low 

5-8 Medium 

9-12 High 

Quantity Classification 

0-2 Low 

3-4 Medium 

5-6 High 
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4 Results 

The NHD database was received with a total of 100 146 records. A point shapefile was 

created containing the spatial location of 96 873 dwellings. These points were used to 

create the perimeter of 397 informal settlements in a GIS format. After the statistical 

calculations, scoring and classification the following result was obtained: 

 

Classification Risk due to living 
conditions 

Disaster Risk Vulnerability Index 

Low 29 337 27 

Medium 282 46 257 

High 86 14 113 

Total Amount 397 397 397 

 
Table 8: Vulnerability Index Results 

 

In the integration of the Disaster Risk Analysis only 33 out of 262 informal settlements 

could be scored for fire due to the large quantity of fire vulnerable settlements in the City of 

Cape Town area. The NHD database only contained informal settlements for the whole 

Western Cape Province except City of Cape Town. Only 65 of the 252 flood vulnerable 

informal settlements identified for the Western Cape could be integrated due to the 

difference in captured informal settlements between NHD database and Disaster Risk 

Analysis. 

4.1 RF1 – Risk due to living conditions  

The 86 high vulnerability informal settlements with scores between 12 and 19 were 

identified. Appendix C depicts these informal settlements together with their individual 

scores for each risk-variable. The following 7 settlements with the highest risk due to living 

conditions (scored 12) are depicted in Table 9. 

 

Zwelitsha (Bredasdorp) informal settlement has a high score due to poor water (53.97%), 

electricity (71.43%) and sanitation (46.03%) services, and a high occupancy density (175 

occupants/hectare). Sandkamp in Citrusdal has a high occupancy density (124 

occupants/hectare) and no water, sanitation or electricity services. Grags in Grags has a 

high 96 occupants/hectare density with only 39% having access to water, 31% to 

electricity provision and 27% to sanitation. 
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Table 9: RF1 – Risk due to living conditions (Highest Score 12) 

 

Plakkerskamp (Langville) has a high occupant density of 153 occupants/hectare and high 

risk to living conditions scores; 66% has water, 27% electricity and 34% sanitation 

services. New Orleans in Paarl occupancy density is 222 occupants/hectare with a low 

water (56%), sanitation (58%) and electricity (45%) provision. Jamestown in Stellenbosch 

has a high score due to poor water (80%), electricity (0%) and sanitation (30%) services, 

and a high occupancy density (149 occupants/hectare). Hermatage (Swellendam) has a 

high occupancy density (295 occupants/hectare) and no water, sanitation or electricity 

services. 

4.2 RF2 – Disaster Risk 

The informal settlements with a high classification for disaster risk are shown in Table 10. 

Powertown (Klein Brakrivier), Asla Park (Mossel Bay), Joe Slovo Park (Mossel Bay), 

Mbekweni (Paarl), George (Vredenburg) and Vanwyksvlei (Wellington) have the highest 

score of 6 for disaster risk due to high flood and fire risks. 

 
Table 10: RF2 – Disaster Risk (Highest Scores 6 & 5) 
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Chatsworth (Atlantis),Heuwelsig (Citrusdal), Sandhills (De Doorns), Pollocross (Enduli), 

Greater Brak (Groot Brakrivier), Greater Brak Rivir (Groot Brakrivier), Groot Brak (Groot 

Brakrivier) and Wolwedans (Groot Brakrivier) have scores of 5 where the flood risk was 

high and fire medium. 

4.3 Vulnerability Index Results 

A total of 88 informal settlements were identified with a high vulnerability index. Zwelitsha 

(Bredasdorp) has a score of 16 where the risk due to living conditions is high and flood risk 

low and fire high. The informal settlement has poor water (53.97%), electricity (71.43%) 

and sanitation (46.03%) services, and a high occupancy density (175 occupants/hectare). 

 
 

Table 11: Vulnerability Index (Highest Scores 16 & 15) 

 

Joe Slovo Park (Mossel Bay) has good water provision but high occupant density (93 

occupants/hectare) and poor electricity provision (10%), sanitation services (64%). Fire 

and flood risks are both high. Jamestown in Stellenbosch has a high score due to poor 

water (80%), electricity (0%) and sanitation (30%) services, and a high occupancy density 

(149 occupants/hectare) with a low fire risk and high flood risk. Khayelitsha (Vredendal) 

experience poor water (66%), sanitation (34%) or electricity (0.32%) services and a 

medium occupancy density of 75 occupants/hectare. The fire and flood risk are high and 

low respectively. 

5 Challenges and Difficulties 

Various difficulties were experienced in this study due to the integration of other completed 

products into this project. Solutions were used that will minimise the impact on the final 

result. 
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5.1 National Housing Demand Database 

The National Housing Demand database forms the foundations of this project as it 

contains the coordinates of all informal settlement dwellings and the socio-economic data. 

Any errors, spatially or tabular, would result in margin of error in the final vulnerability index 

result. This database contained a total of 100 146 records from which a 107 points had to 

be deleted due to either empty coordinate fields or incorrect latitude coordinates. This 100 

039 records was joined with the cleaned profile database that was done by Soreaso Social 

Research Solutions and 97 056 records were linked. It was also found that different 

coordinates were stacked on each other, sometimes up to four points. This did not 

influence the density calculations, however. 

 

Different spellings were used for the same informal settlement which caused for 1917 

unique names before cleaning this field. Errors were also evident where two neighbouring 

settlements will have their names mixed in the point shapefile. See Figure 4 for graphical 

explanation. Topographic maps were used as background layer in the GIS to edit 

settlements name. The socio-economic data was captured in both upper and lower case 

and was changed to a uniform format. After the completion of the cleaning, the database 

had 96 873 records.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Incorrect Settlement Name Use 
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The dwelling type (informal settlement, backyard dwelling) was determined by exporting 

the cleaned point shapefile into a Google Earth file, kml, and viewing it in Google Earth. In 

areas where it was difficult to determine the type, it was indicated as “UNSURE”. 

5.2 Disaster Risk Analysis 

The integration of the Disaster Risk Analysis was difficult due the coverage of the NHD 

database. Data was captured for the whole of Western Cape Province except City of Cape 

Town area when the database was provided for this project. The Risk Analysis included 

the Cape Town area and most of the prioritised informal settlements were situated in City 

of Cape Town area, especially for the fire hazard. Another difficulty was the different 

methodology used to capture the informal settlements for Risk Analysis. In the Risk 

Analysis data was captured during interviews where the settlements perimeters were 

mapped on an aerial photograph and imported into GIS. This resulted in a difference 

between informal settlements identified/captured in the Risk Analysis and the NHD 

database and prevented integration. A process was followed where the Risk Analysis 

polygon and the newly created NHD Informal Settlement shapefile polygon were overlaid 

and joined based on spatial location. 

6 Conclusion 

 

The vulnerability index has been compiled based on the socio-economic data from the 

NHD database and the Disaster Risk Analysis. A total of 113 highly vulnerable informal 

settlements have been identified outside the City of Cape Town. This methodology used 

has relation to similar studies done for the City of Cape Town’s Directorate Development 

Services. It was decided by the DPLG&H not integrates these studies as important 

provincial hotspot will get last in the City of Cape Town informal settlements. This study of 

the City of Cape Town can be obtained from the Director, Noahmaan Hendricks, of 

Development Services (021 400 3934 or noahmaan.hendricks@capetown.gov.za). This 

methodology should provide some indication of where there is a need for action outside 

the Cape Town area and can be re-implemented with updated data. 
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7 Reference studies 

Beyers N 2008. Director, Desmond Tutu TB Centre: Clinical Research. University of 

 Stellenbosch: Tygerberg Campus. Interviewed on 19  November about the 

 mapping of TB cases to indicate health conditions for informal settlements. 

 

Provincial Disaster Management 2008. Disaster Management: Prioritisation of High Risk 

 Areas in the Western Cape. Cape Town: Western Cape Department of Local 

 Government and Housing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INFORMAL SETTLEMENT VULNERABILITY INDEX – FINAL REPORT 18 

Appendix A: RF1 – Risk due to living conditions res ults 
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Appendix B: RF2 – Disaster risk results 
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Appendix C: Vulnerability Index Results 
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Appendix D: RF1 – Risk due to living conditions (ma p) 
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Appendix E: RF2 – Disaster risk (map) 
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Appendix F: Informal Settlement Vulnerability Index  (map) 
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Appendix G: Field name descriptions 

Field Name Description 
FID Unique ID 
AREA Name of informal settlement 
TOWN Name of town 
JOIN Area, Town 
Cnt_JOIN Amount of informal dwellings per informal settlement 
HECTARE Area in hectare of informal settlement 
DENS_DWELL Density of informal settlement based on amount informal dwellings per hectare 
DEND_CLS Classification of informal dwelling density 
DEND_WEIGH Weighting of informal dwelling density 
Sum_OCCUPA Occupants per informal dwelling 
DENS_OCCUP Density of informal settlement based on amount occupants per hectare 
DENO_CLS Classification of informal occupant density 
DENO_WEIGH Weighting of informal occupant density 
Sum_SANI_C Sum of all informal dwellings with access to sanitation within informal settlement 

SAN_PERC 
Percentage of all informal dwellings with access to sanitation within informal 
settlement 

SAN_CLS Classification of sanitation availability 
SAN_WEIGHT Weighting of sanitation availability 
Sum_WATER_ Sum of all informal dwellings with access to water within informal settlement 
WAT_PERC Percentage of all informal dwellings with access to water within informal settlement 
WAT_CLS Classification of water availability 
WAT_WEIGHT Weighting of water availability 

Sum_ELEC_C 
Percentage of all informal dwellings with access to electricity within informal 
settlement 

ELEC_PERC 
Percentage of all informal dwellings with access to electricity within informal 
settlement 

ELEC_CLS Classification of electricity provision 
ELEC_WEIGH Weighting of electricity provision 
SE_CNT Total count for risk due to living conditions 
SE_WEIGHT Weighting of risk due to living conditions 
FIRE_CNT Count for risk due to fire hazards 
FIRE_PERC Fire risk percentage for each informal settlement 
FIRE_CLS Fire classification for each informal settlement 
FIRE_WEIGH Fire weighting for each informal settlement 
FLOOD_CNT Count for risk due to flood hazards 
FLOOD_PERC Flood risk percentage for each informal settlement 
FLOOD_CLS Flood classification for each informal settlement 
FLOOD_WEIG Flood weighting for each informal settlement 
RISK_CNT Total count for disaster risk for each informal settlement 
RISK_WEIGH Weighting for disaster risk for each informal settlement 
VI_CNT Total count for vulnerability index for each informal settlement 
VI_WEIGHT Weighting for vulnerability index for each informal settlement 

 


