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Abstract 
Wildfire is a major environmental hazard causing property damage and destruction including biodiversity loss in 
the United States. In order to reduce property loss and destruction arising from wildfire, this study assessed and 
identified social vulnerability to wildfire in Missouri using the American Community Survey data on social and 
demographic variables for the state of Missouri and social vulnerability index (S0VI). The study divided Missouri 
into five geopolitical zones from which ten counties were randomly selected for this study. The selected counties 
formed the basis on which fourteen social and demographic indicators were identified and assessed using Bogardi, 
Birkmann and Cadona conceptual framework. The result of the analysis shows that S0VI estimated for the five 
geopolitical zones of Missouri is moderate with a rating scale of 1.42 – 1.71. Education, income and marital status 
have a rating scale of 2.0 - 3.0 attributed for the high value of Social Vulnerability to wildfire. Race / ethnicity, 
language spoken, employment and percentage of house units that are mobile homes had a low S0VI value of 1.0 
thereby contributing positively to resilience to wildfire risk. The study observes that government involvement in 
wildfire risk reduction is quite impressive and should still be intensified. The policy implication of this study is that 
education and income are key variables that contribute to high wildfire risk in Missouri. The need for government 
to formulate a policy on environmental education of the populace especially for people of low income and 
education become imperative. This will go a long way in reducing damage and property loss arising from wildfire. 
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1. Introduction 
Studies on wildfire becomes necessary in order to reduce property damages, destruction of homes, displacement of 
human population, and loss of local revenue (Paveglio et al., 2016). Forests are Missouri greatest renewable 
resources; Missouri is home to at least 730 species of wildlife. The state boasts more than 14 million acres of forest 
land (Missouri’s Department of Conservation, 2008). It ranks seventh out of the 20 Northern east states in the 
amount of forested acreage. Only New York, Michigan, Maine, Pennsylvania, Minnesota and Wisconsin have 
more forest land. In the last 13 years, wildland fires burned an average of 24,209 acres per year and prescribed fires 
burned an average of 38,078 acres per year (NIFC, 2015). Forest fires are still a major threat to Missouri’s forest. 
While most forest fires in Missouri are accidents and preventable, a full 40 percent of forest fires occur every year 
(Missouri Department of Conservation, 2016). 

Despite the enormous resources that have been invested in fire prevention and suppression, the number of fires 
recurring in Missouri in the recent decades has continued to markedly increase. Much of forest fire research has 
focused on the biological and physical aspects of fire with comparatively less attention given to the importance of 
socioeconomic variables and risk assessment especially identifying pattern of human population most at risk and 
the factors that help explain performance of mitigation that can help reduce that risk. 

Apart from the work of Akinola and Adegoke (2019) which assessed forest fire vulnerability zones in Missouri; 
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Brosofske et al., (2007) on factors influencing modern wildlife occurrence in the Mark Twain National Forest of 
Missouri and Yang et.al (2008) on spatial controls of occurrence and speed of wildfires in Missouri Ozark 
highlands, little or nothing exist in the literature on social vulnerability assessment to forest/wildfire in Missouri 
State. This is a crucial step towards developing a wildfire a policy for reducing wildfire risk and losses in the study 
area. This is where this study derives its relevance. The aim of this study therefore was to assess and identify social 
vulnerability of Missouri residents to wildfire risk. 
1.1 Conceptual Framework 

Vulnerability refers to the capacity of society and individuals exposed to a natural hazard, to be harmed, resist, 
cope with, or recover from impact (Dwyer et al., 2004; Wisner et al., 2004; Cutter and Finch, 2006). At present, 
there is no consensus on the definition of vulnerability, and therefore no single accepted method of assessing 
vulnerability in the literature. Despite this, there is still a fair amount of consensus in the literature that there exist 
three main types of vulnerability. These are biophysical vulnerability, social vulnerability, and a combination of the 
two (Ge et al., 2008, 2013). 

 
Figure 1. Conceptual framework for vulnerability 

Source: Bogardi and Birkmann (2004); Cardona (1999, 2001) 

 

In the past few decades, five major conceptual models have been proposed. These are: the risk-hazard (RH) model 
by Burton et al., 1978; the pressure and release (PAR) model (Blaikie et al., 1994); the hazard of place (HOP) 
model (Cutter, 1996); Turner and colleagues vulnerability framework (Turner et al., 2003); and the Bogardi – 
Birkmann – Cardona (BBC) model (Birkmann, 2006), have proposed for understanding social vulnerability. These 
conceptual models in vulnerability literature laid a sound theoretical basis for the analysis and assessment of social 
vulnerability. 

This research adopts the Bogardi – Birkmann – Cardona (BBC) model (see figure 1) because it allows us to 
examine the three components of vulnerability. These are exposure, susceptibility and adaptive/capacity to 
wildfire in the study area. The framework also combines hazard and vulnerability in a risk reduction perspective. 
The concept was used to identify variables and interpret results. 

1.2 Factors Affecting Social Vulnerability 

The variables that influence social vulnerability which are always cited in the literature are listed in Table 1. The 
generally acceptable ones are age, gender, race, and socio-economic status. Others include disability factor, non – 
English speaking immigrants, the homeless, transients and seasoned tourists. The quality of human settlements 
(such as housing type and construction, infrastructure, and lifelines) and the built environment are important 
variables in understanding social vulnerability. 

These characteristics influence potential economic losses, injuries, and fatalities from natural hazards. 
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2. Methodology 
The study used the American Community Survey data for the state of Missouri from 2012-2016 and social 
vulnerability index (S0VI). Demographic data and socio-economic characteristics of Missouri residents were 
extracted from the published American Community Survey 2012-2016 data on Missouri. The scale of study is at 
sub regional level of Missouri. The state of Missouri was divided into geopolitical zones as defined by the 
government of Missouri. These are South west Missouri, Southeast Missouri, Central Missouri, Northwest 
Missouri and Northeast Missouri. Ten counties were randomly selected for study in each geopolitical zone to 
obtain the composite value for each zone. 

Identification of variables and interpretation of results in this study were based on the BBC framework by Bogardi, 
Birkmann and Cardona (see Figure 1). The term “BBC” framework comes from the conceptual model developed 
by Bogardi and Birkmann (2004) and Cardona (1999, 2001).The assessment of vulnerability was based on 
fourteen variables identified in Table 1. These variables were selected based on a priori theory and knowledge from 
the literature. This approach is referred to as deductive approach for selecting social vulnerability indicators. 

The indicators for the estimation of the level of vulnerability were based on the following rating scale : (0 – 1.0) 
low vulnerability; (1.1 – 2.0) moderate vulnerability; and (2.1 – 3.0) high vulnerability (see Table 2). Equal 
weights were assigned to indicators to calculate S0VI. It has been argued by Cutter et al (2003) and Muyambo 
(2017) that there is no theoretical basis for assigning different weights to indicate different levels of significance to 
individual factors’ contribution to social vulnerability. The indices were then summed up and divided by the total 
number of indicators to obtain the SoVI for the five geopolitical zones of Missouri State (see Table 3). 

The SoVI was calculated using the following mathematical equation: 

ܸ௦௢௖ =෍ =ଵଶ
௜ୀ௡ ௜ܹ௦௢௖ ௜ܸ௦௢௖	 

 Vsoc ƒ( ଵܹ௦௢௖ ଵܸ௦௢௖ +	 ଶܹ௦௢௖ ଶܸ௦௢௖ +	 ଷܹ௦௢௖ ଷܸ௦௢௖ +	− − − ଵܹଶ௦௢௖ ଵܸଶ௦௢௖              (1) 

Where: ଵܸ௦௢௖ = ܽ݃݁, ଶܸ௦௢௖ =	marital status, ଷܸ௦௢௖ =  .ସܸ௦௢௖=education;  ହܸ௦௢௖=race/ethnicity; ଺ܸ௦௢௖= employment; ଻ܸ௦௢௖= language spoken; ଼ܸ௦௢௖= persons in households; ଽܸ௦௢௖= ; ଵܸ଴௦௢௖=length of stay in residence; ଵܸଵ௦௢௖= disability; ଵܸଶ௦௢௖= age of structures. ଵܹ௦௢௖= equal weighting factor for all variables ,݁݉݋ܿ݊ܫ
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Table 1. Selected social vulnerable indicators 

Indication (Variable) Measure  Relationship with Vulnerability 

1 Age 
>65yrs. <18yrs. 

More old and under age 
Higher vulnerability 

2 Marital status Married, Single or Separated  Single/separated-high Vulnerability 

3 Income  Annual income earned  Low income- high Vulnerability 

4 Education Level of education More..education-low Vulnerability 

5 Race/Ethnicity Percentage of white to non-whites More whites- less Vulnerability 

6 Employment Status Percentage of unemployment adults 
High rate of Unemployment- high 

Vulnerability 

7 Language spoken Percentage.that.speaks.in English 
More population that speaks English – low 

Vulnerability 

8 Person in households  
Percentage of householders, spouse and 

children 
Few persons – low Vulnerability 

9 
Length of stay in 

residence 

Percentage of residents who stayed less than 

5years 
The more the years – low Vulnerability  

10 Disability Percentage of disabled in population 
Larger number of disabled – high 

Vulnerability 

11 Age of structures  Percentage of structures older than 50yrs. Older structures – high Vulnerability 

12 
Availability of 

infrastructure 

Percentage of residence with infrastructure 

such as telephone 
Poor infrastructure – high Vulnerability 

13 
Ownership of housing 

Unit 
Percentage of occupied housing unit Vacant housing unit – high Vulnerability 

14 Rural/Urban Percentage population in urban/rural 

Clerical and service 

sector – high Vulnerability 

more urban- low Vulnerability. 

Source: Cutter, Boruff and Shirley (2001) and Heinz Centre for Science, Economics and the Environment 
(2002). 
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Table 2. Graduated scale for social vulnerability indicators in Missouri 

S/N Social Indicator Range of Values Scores 

1 Age <20% <18 and >65yrs 

20 - 49% <18 and >65yrs 

≥50% <18 and >65yrs 

1 

2 

3 

2 Marital Status <20% singles/separated 

20-49 % singles/separated 

≥ 50 % singles/separated 

1 

2 

3 

3 Education <20% college degree 

20-49 % college degree 

≥ 50% college degree 

3 

2 

1 

4 Household Incomes <20 % earn less than $35000 

20-49 % more than $35000 

≥ 50 % earn less than $35000 

1 

2 

3 

5 % Disability <10% disabled 

10-15% disabled 

≥ 16% disabled 

1 

2 

3 

6 % Mobile Homes <10% with mobile homes 

10-19% with mobile homes 

≥ 20% with mobile homes 

1 

2 

3 

7 Race/Ethnicity ≥70% white 

50-69% white 

<50% white 

1 

2 

3 

8 Language Spoken ≥70% speak English 

35-69% speak English 

<35% speak English 

1 

2 

3 

9 Insurance < 10% without insurance 

10-19% without insurance 

≥19% without insurance 

1 

2 

3 

10 % Women <25% Women 

25 -49% Women 

≥50 Women 

1 

2 

3 

11 Telephone < 10% without telephone 

10-19% without telephone 

≥19% without telephone 

1 

2 

3 

12 Age of Structure <20%: 50 years old 

20% – 49: 50 years old 

≥ 50%: 50 years 

1 

2 

2 

13 Tenancy (Renters) <20% renters 

20 – 49% Renters 

≥50 %Renters 

1 

2 

3 

14 Unemployment <10% Unemployed 

10-19% Unemployed 

≥20% Unemployed 

1 

2 

3 
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3. Results and Discussion 
The summary of social indicators and their contribution to social vulnerability to wildfire are presented in Table 3 
and Figure 2. The results of the social vulnerability assessment of Missouri residents to wildfire indicators show a 
moderate vulnerability. Four indicators, namely income, education, ratio of day to night population and availability 
of telephone contribute more significantly to wildfire risk in Missouri. These variables all scored 3 in the 
vulnerability assessment, which is rated as high vulnerability. 

 

Table 3. Estimation of social vulnerability index to wildfire in Missouri 

Social Indicator Southwest 

Missouri 

Southeast 

Missouri 

Central 

Missouri 

Northeast 

Missouri 

Northwest 

Missouri 

Age 2 2 1 2 2 

Marital Status 2 2 2 2 2 

Education 3 3 2 3 1 

Income 2 2 2 2 2 

Disability 1 2 1 1 2 

% Women 2 1 2 2 2 

Telephone 1 1 1 1 1 

Age of Structure 1 2 2 2 2 

Mobile Homes 1 2 1 1 1 

Tenancy 2 2 2 1 2 

Employment Status 1 1 1 1 1 

Race 1 1 1 1 1 

Language Spoken 1 1 1 1 1 

Insurance 1 2 1 1 2 

Total Score 

SoVI index 

21 

1.50 

24 

1.71 

20 

1.42 

21 

1.50 

22 

1.57 

 

SoVI rating: (0-1) low Vulnerability; (1.1 – 2.0) moderate vulnerability, and (2.1 – 3.0) high vulnerability 

Social Vulnerability Index (SoVI) = Total Score ÷ No of Indicators 
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Figure 2. Chart of social vulnerability index to wildfire in Missouri 

 

 

Figure 3. Comparison of SoVI of the Geopolitical Zones 

 

Age, marital status, employment status, disability, age of buildings or structures and level of poverty which scored 
2.0 contribute moderately to social vulnerability. However, race/ethnicity, language spoken, number in households 
and length of stay in residence scored low in social vulnerability index and they therefore positively contribute to 
resilience to wildfire risk in Missouri.  
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A comparison of social vulnerability indicators among the five geopolitical zones shows that they are all moderate 
but with higher values recorded in Southeast and Northwest geopolitical zones of Missouri. The lowest SoVI value 
was recorded in Central Missouri. 

These findings correlate with the works of Caroll et al., 2005; and Collins, 2009, 2012 on the influence of socio and 
demographic characteristics on solid vulnerability of wildfire risk. Although it should be stated that income is just 
one of many socio demographic characteristics that scholars disagree about when discussing factors influencing 
social vulnerability. Others include educational level, length of tenure in an area, primary versus secondary house 
owner (Kanclerz and Dechano – Cevk, 2013; Martin et al., 2007). 

It has also been observed that both socio demographics characteristics and perceptual factors continue to be the 
focus of literature on wildfire vulnerability and adaptive capacity. Figure 4 presented the different identified social 
indicators and their contribution to social vulnerability to wildfire. It is an extraction of the vulnerability segment 
from the BBC model showing the interaction of the component of vulnerability, exposure, susceptibility and 
coping capacity (Birkmann, 2006). 

Apart from race/ethnicity, language spoken (that is English language), number living in households and length of 
stay in residence which fall within the coping capacity component, and which contribute to resilience to wildfire 
risk, all the other indicators contributed to social vulnerability in Missouri. 

 
Figure 4. Summary of indicators using the BBC conceptual framework (Birkmann, 2006) 

 
4. Conclusion and Recommendation 
This study has assessed and identified the social vulnerability to wildfire in Missouri, United State of America 
using socio- demographics variables from the American Community Survey 2012-2016 data and SoVI. Results 
show that the social vulnerability of Missouri to wildfire is moderate. Income, education, availability of telephone, 
age, marital status, employment status, disability, age of buildings are the major vulnerability factors to wildfire 
risk in Missouri. Arising from this study, the paper recommended that Missouri should develop a state policy on 
wildfire risk reduction to guide countries and block levels. There is need for government to formulate a policy that 
will encourage more people to acquire education up to college degree. This may enhance their income and thereby 
increasing resilience to wildfire risk.  
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