
Figure 3: Composite z-score, tornado track, and 
fatalities for the May 22, 2011 Joplin, MO tornado. A 
majority of fatalities and the highest fatality density 
occurred within the most demographically vulnerable 
census tracts.    

Figure 4: Land use land cover along tornado track in 
Joplin, MO. Almost all fatalities occurred within 
developed (low to high development intensity) areas. 
7.57 km2 affected by EF2+ winds, making fatality rate 
20.86 km-2.  
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Introduction and Background 

 
 Recent natural disasters, including tornadoes, have highlighted 

the need for understanding how society prepares for and copes with 
these disasters. GIS software provides tools to help incorporate 
knowledge of meteorology, climatology, and sociology together that 
can ultimately better serve groups such as emergency managers. 
Social vulnerability is one factor that can affect how susceptible a 
given community is to substantial impacts from a natural disaster. 
Variables such as poverty, age, population density, and housing 
stock (i.e., mobile homes vs. wood frame homes) can affect social 
vulnerability (e.g., Cutter et al. 2003; Ashley 2007).   

 GIS can aid in preparing for natural disasters through place-
based social vulnerability studies, which aim to highlight the most 
vulnerable areas in a community. This study examines the social 
vulnerability of two cities affected by EF5 tornadoes by comparing 
measures of social vulnerability to tornado fatality locations. The 
cases considered are: 1) May 22, 2011 Joplin, MO tornado that 
claimed 158 lives, and 2) May 20, 2013 Moore, OK tornado that 
claimed 24 lives.  

Methods 
 

 All demographic data used (Table 1) was obtained from the 
U.S. Census Bureau at the census tract level. Z-scores were 
calculated for each variable and averaged to produce a composite 
z-score. This composite z-score revealed census tracts with the 
highest social vulnerability. GIS was then used to overlay each 
census tract’s composite z-score (i.e., vulnerability), tornado track, 
and tornado fatalities. Land use land cover was also plotted with 
respect to tornado track and fatalities. The analysis was also 
extended to a hypothetical at-risk city (Memphis, TN) to 
demonstrate how this spatial analysis could aid in preparing for 
future tornadoes.   

Figure 1: Composite z-score, tornado track, and 
fatalities for the May 20, 2013 Moore, OK tornado. The 
tornado thankfully missed many of the most 
demographically vulnerable census tracts. All fatalities 
occurred within tracts with relatively high demographic 
vulnerability along the tornado track.  
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Results and Discussion 
 

Figure 2: Land use land cover along tornado track in 
Moore, OK. All fatalities occurred within developed (low 
to high development intensity) areas. 2.23 km2 affected 
by EF2+ winds, making fatality rate 10.76 km-2.   

Figure 6: Mobile home density (mobile homes per 
km2) z-score for Joplin, MO. Similar to above, 
analyses like this could highlight areas that might 
benefit most from preparedness actions such as 
construction of community storm shelters.   

Figure 5: Composite z-scores and hypothetical 
tornado track for Memphis, TN. A place-based 
demographic vulnerability analysis such as this one, 
could highlight areas that could be targeted for 
construction of community storm shelters, allocation 
of additional resources after a disaster, etc.  

Category	   Variable	  Name	  
Housing	  stock	   Number	  of	  homes	  built	  prior	  to	  1980	  per	  

square	  km	  
Housing	  stock	   Number	  of	  homes	  built	  prior	  to	  1950	  per	  

square	  km	  
Housing	  stock	   Number	  of	  mobile	  homes	  per	  square	  km	  
Housing	  density	   Occupied	  housing	  units	  per	  square	  km	  
Language	  barriers	   Number	  of	  households	  per	  square	  km	  

where	  no	  one	  above	  age	  14	  speaks	  
English	  “very	  well”	  

New	  popula:ons	   Number	  of	  people	  who	  migrated	  to	  the	  
census	  tract	  in	  the	  past	  year	  per	  square	  
km	  

Popula:on	  density	   Number	  of	  people	  per	  square	  km	  
Age	   Number	  of	  people	  under	  age	  10	  per	  

square	  km	  
Age	   Number	  of	  people	  over	  age	  75	  per	  

square	  km	  
Age	   Median	  Age	  
Poverty	   Number	  of	  people	  living	  below	  the	  

poverty	  line	  per	  square	  km	  
Minori:es	   Non-‐Caucasians	  per	  square	  km	  	  

Table 1: Demographic variables considered in vulnerability analysis. 

Moore, Oklahoma 

Joplin, Missouri  

Memphis, Tennessee 

Specific example: Joplin mobile homes 

Conclusions 
•  At least some relationship between social vulnerability and tornado fatalities. 

•  Most fatalities in tracts with higher social vulnerability. Fatality rate higher in 
Joplin, MO. 

•  Place-based vulnerability studies could be used to better prepare for and 
respond to natural disasters such as tornadoes. Contact: ckuster1@ou.edu 
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