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Figure 4.5: The Place Vulnerability map 



43 

 

4.4 Place Vulnerability at the Census Tract Level 

              Figure 4.6 (a) presents the place vulnerability at the spatial unit as the result of the overlay of the 

physical vulnerability data layer and social vulnerability data layer, thus, the flooding zone, the storm 

surge zone, and the census tracts. Figure 4.6 (b) represents the place vulnerability at the census tract level, 

which is the result of the areal weighted interpolation based on Figure 4.6 (a). Compared with Figure 4.6 

(a), Figure 4.6 (b) reveals a similar but more generalized pattern of place vulnerability in Coastal Georgia. 

In Figure 4.6 (b), the census tracts are averaged out after the interpolation especially, census tracts within 

Camden and McIntosh. About 11.7% of the total population in the study area reside in tracts within Rank 

1, 6.0% reside in Rank 2, 49.8% reside in Rank 3, 14.1% reside in Rank 4, and 11.5% reside in Rank 5.  

              A visual interpretation of Figure 4.6 (b) reveals that census tracts within and surrounding 

Savannah have high place vulnerability and census tracts in the southwestern part of Chatham also reveal 

high vulnerability. The census tracts that lie in the northeastern and southeastern part close to Tybee 

Island and Skidaway Island reveal low place vulnerability just like in Figure 4.6 (a), 11% of the 

population in Chatham reside in very high place vulnerability. In Bryan, the census tracts mostly reveal a 

medium place vulnerability, about half of the population (47.2%) reside in medium vulnerability tracts. 

The tracts surrounding Richmond Hill reveal a high vulnerability. The census tracts in Liberty County 

mostly reveal high vulnerability especially, within and around Riceboro and the southeastern part of 

Liberty close to the coast, 10.4% of the population reside in very high vulnerability. Also, the St. 

Catherines Island to the east of Liberty reveals low vulnerability (Rank 2).    

              Moreover in McIntosh, the census tracts reveal a high place vulnerability, this is as a result of the 

averaging of the ranks at the physical vulnerability units to the census tracts during  the areal weighted 

interpolation, Table 4.4 shows that 100% of the population lies in Rank 4 due to the averaging. In Glynn, 

the tracts with high place vulnerability lie in the northwestern and southeastern direction, there is high 

vulnerability around Brunswick, about 28.5% of the population in Glynn lie in the highest category.  
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In the northeastern part around St. Simons Island, Sea Island, and Little St. Simons Island, the tracts 

reveal low vulnerability (Rank 2). The census tracts in Camden are all averaged out and the tracts reveal a 

medium place vulnerability.  

Table 4.5: Number of Census Tracts and Population in Each Rank (Place Vulnerability) 

Rank Number of Census 

Tracts 

 Population Percentage of 

Population (%) 

1 18 62,343 11.7 

2 8 31,996 6.0 

3 52 264,903 49.8 

4 15 75,265 14.1 

5 14 61,469 11.5 
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Table 4.6: Number of Census Tracts and Population Within Each Rank for the Counties 

Counties Place 

Vulnerability 

Rank 

Number of 

Census Tracts 

 Population Percentage of 

Population (%) 

Chatham 1 13 37,954 13.3 

2 6 22,094 7.7 

3 35 162,281 56.8 

4 5 29,247 10.2 

5 8 31,231 11.0 

Bryan 1 2 10,240 29.3 

2 0 0 0 

3 2 16,469 47.2 

4 2 8,174 23.4 

5 0 0 0 

Liberty 1 2 12,650 20.4 

2 0 0 0 

3 1 3074 5.0 

4 1 6334 10.2 

5 2 6448 10.4 

McIntosh 1 0 0 0 
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2 0 0 0 

3 0 0 0 

4 3 14,061 100 

5 0 0 0 

Glynn 1 1 1,499 1.8 

2 2 9,902 11.9 

3 4 30,827 36.9 

4 4 17,449 20.9 

5 4 23,790 28.5 

Camden 1 0 0 0 

2 0 0 0 

3 10 52,252 100 

4 0 0 0 

5 0 0 0 
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Figure 4.6: Place Vulnerability and Interpolated Place Vulnerability map 

 

4.5 Spatial Autocorrelation of Vulnerability Indices 

              To test whether or not the vulnerability is spatially correlated, Global Moran’s I and the Local 

Moran’s I statistics are calculated and tested. The p-value is set as 0.05 and permutation as 999. The 

Global Moran’s I values for the social, physical, and place vulnerability are 0.332859, 0.502764, and 

0.686270, respectively and the corresponding p-values are all significantly lower than 0.05 (Table 4.5). 

Therefore, the pattern of vulnerability of the whole study area is not random but statistically clustered.  
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              Figure 4.7 shows the cluster patterns based on the Local Moran’s I statistics. Panel (a), (b), and 

(c) are for social, physical, and place vulnerability, respectively. The results of the Local Moran’s I 

calculation provide cluster locations of high values (HH), low values (LL), low-high values (LH), and 

high-low (HL) values (Frigerio et al., 2018). The high-high cluster means that locations with high 

vulnerability scores are surrounded by locations with high scores and the low-low cluster indicates that 

locations with low vulnerability scores are surrounded by locations with low scores.  

              For Figure 4.7(a), the autocorrelation shows that the spatial distribution of the SVI is clustered in 

the counties. High-high clusters of the SVI can be seen within and surrounding Savannah and the 

southwestern part of Chatham County. The low-low clusters are mainly distributed in the northeastern 

and southeastern parts of Chatham near Tybee Island and Skidaway Island. There are mostly low-low 

clusters in Bryan and high-high clusters in Liberty. McIntosh reveals high-high clusters in the 

southeastern part near Darien and some low-low clusters in the northwestern part. Sapelo Island reveals 

high-high spatial clusters.                                           

               Furthermore, in Glynn County, the high-high clusters are distributed in the northwestern and 

southeastern parts near Brunswick, the low-low clusters are seen on the islands along the coast in Glynn, 

including; Little St. Simons Island, Sea Island, and St. Simons Island. In Camden, high-high and low-low 

clusters are distributed in a less concentrated manner, the high-high clusters are distributed in the 

southeastern part near St. Marys while low-low clusters are distributed in the northwestern and 

southeastern parts of Camden. The low-high and high-low clusters are seen mostly in the eastern part of 

Bryan close to St. Catherines, the northern part of McIntosh, the southwestern part of Glynn, and some 

western and eastern parts of Camden. The low-high clusters mean that locations with low vulnerability 

scores are surrounded by locations with high vulnerability scores and the high-low clusters mean 

locations with high vulnerability scores are surrounded by locations with low vulnerability scores.   
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              The Local Moran’s I for Figure 4.7 (b) represents the physical vulnerability which reveals high-

high clusters in all the six counties. There are some high-high clusters in the northeastern and 

southeastern parts of Chatham near the coast. The low-low clusters are mostly seen in the western part of 

Chatham. The high-high clusters for the physical vulnerability are mostly along the coast and on the 

islands, for instance, Sapelo Island reveals high values.  

              Again, Figure 4.7 (c) represents the Local Moran’s I for the place vulnerability which reveals 

high-high clusters mostly in Liberty, McIntosh, and Glynn. Liberty reveals more high values than the 

other counties especially in and around Riceboro in the southern part of Liberty. In McIntosh, the high 

values are seen more in the northeastern and southeastern parts especially, areas around Darien to the 

south and Sapelo to the east of McIntosh. Glynn also reveals high values in the northwestern and 

southeastern parts near Brunswick. The low values in Glynn are seen in the northeastern part near Little 

St. Simons Island, Sea Island, and St. Simons Island. Other low values are mostly seen in Chatham 

County and the high values are distributed in the southwestern part and around Savannah in a less 

concentrated manner.  

Table 4.7: Global Moran’s I Results for the Three Vulnerability Indices 

Global Moran’s I Social Vulnerability  Physical Vulnerability  Place Vulnerability 

Moran’s Index 0.332859 0.502764 0.686270 

P value 0.000000 0.000000 0.000000 

 

 

 



50 

 

 

Figure 4.7: Local Moran's I Cluster map 
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CHAPTER 5 

DISCUSSION AND CONCLUSION 

In this study, the social, physical, and place vulnerability assessment have revealed census tracts 

in Coastal Georgia with high and low vulnerabilities. Most tracts within Savannah in Chatham County 

have a high place vulnerability. In Bryan, there is generally medium place vulnerability but tracts around 

Richmond Hill reveal a high place vulnerability. The City of Riceboro in Liberty County reveals tracts 

with a high place vulnerability and Darien in southeastern McIntosh, has a high place vulnerability as 

well. Furthermore, in Glynn County, tracts within and around Brunswick reveal a high place vulnerability 

and in Camden, there is generally a medium place vulnerability.   

The PCA results revealed some dominant variables for social vulnerability in Coastal Georgia. 

Housing units with no vehicles available was the dominant variable of social vulnerability in the study 

area.  Transportation is an important factor in evaluating social vulnerability and it can be closely tied to 

personal wealth; poor people might not own a vehicle and could be at risk during disasters (Flanagan et 

al., 2011). In the study area, there are low-income census tracts and high rates of poverty in some areas, 

census tracts within Brunswick, Richmond Hill, Riceboro, and Darien have high poverty levels. 

Moreover, poverty and age (under 18 years) are also important driving forces of social vulnerability in 

Coastal Georgia.  

The prominent factors that increase the social vulnerability in Chatham include poverty, occupied 

housing units with no vehicles, and rented housing units. From the census data used in this study, there is 

an average of 21.7% of the population in Chatham living below poverty; this percentage is higher than the 

average (20.1%) for all the counties in the study area. Poverty has been an issue in Savannah and though 

there has been some growth in the city, there are still residents living in poverty and some households 

with income below the poverty threshold.  
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The other prominent factors mentioned earlier can be linked to poverty in Chatham. Though poverty is a 

major contributing factor to high social vulnerability in Chatham, the county also has affluent tracts 

within and around Skidaway Island and Tybee Island.  

On the social vulnerability map in Figure 4.2, Bryan County mostly exhibits a medium 

vulnerability because a good portion of the population (37.3%) reside in tracts within medium 

vulnerability. Also, Bryan has the second-highest average per capita income ($28,233) in the study area; 

this average is higher than that of the study area ($26,829). The major contributing factor to social 

vulnerability in Bryan is age, an average of 28% of the population is under 18 years.  

From the social vulnerability map, tracts in Liberty County mostly reveal a very high social 

vulnerability especially, in the southern census tract around Riceboro, the county has the lowest average 

per capita income ($21,098) and the highest average unemployment rate (11.4) in the entire study area. 

The average unemployment rate in the study area is 9.7. Again, there are no tracts in Liberty County with 

low vulnerability, Liberty County has the highest percentage of the population living in the highest social 

vulnerability category. From Table 4.3, 34.9% of the population in Liberty resides in tracts within Rank 5. 

Major contributing factors to social vulnerability in Liberty include a high unemployment rate, poverty, 

and age; an average of 27.2% of the population is below 18 years. Besides, Riceboro has a high poverty 

rate which contributes to the high social vulnerability in those tracts. The tracts in Hinesville are densely 

populated and this could be a contributing factor to the high vulnerability in the Hinesville area.  

Furthermore, McIntosh reveals high social vulnerability in the eastern part close to Sapelo Island 

and Darien to the southeast. McIntosh has the lowest population in the study area and has a greater 

percentage (69.7%) of the population living in highly vulnerable tracts. The major factors of social 

vulnerability in the county include age; an average of 23.5% of the population is 65 years and over.  
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Another contributing factor to social vulnerability in the study area is mobile homes; there is an average 

of 34.6% of housing units that are mobile homes. The tracts around Sapelo have a low-income 

population, which increases social vulnerability in the area.  

Glynn County reveals a high vulnerability in the northwestern to the southeastern parts around 

Brunswick due to the high population density in those tracts as well as high poverty rates especially, in 

Brunswick. The northeastern part of Glynn is low in social vulnerability because the islands in this region 

are affluent. Poverty and housing units with no vehicles are major contributing factors to the increase in 

the social vulnerability in Glynn; an average of 18.8% of the population live below poverty. 

The tracts in Camden generally reveal a medium social vulnerability, however, the tracts to the 

southeast of Camden reveal that St. Marys has a high social vulnerability. The major contributing factor 

to social vulnerability here is the high unemployment rate; there is an average of 10% unemployment rate 

in Camden. A greater percentage (75%) of the population resides in the tracts within Rank 3.  

Meanwhile, the composite physical vulnerability map reveals high risk to flooding and storm 

surge along the coast in all the six counties due mainly to the low elevation of these areas. For instance, 

the average elevation of Tybee Island is only 4 m which makes the island more susceptible to inundation. 

High (Rank 4) and medium (Rank 3) vulnerability of the inland areas are caused mainly by river 

overflow. The Ogeechee, Altamaha, and Satilla rivers are the major sources of flooding in areas around 

Chatham, Bryan, Glynn, and Camden. 

There are two place vulnerability maps produced in this study; the map in Figure 4.6 (a) produced 

from the AMBUR-HVA analysis is more detailed but does not present the result at the census tract level. 

On the contrary, Figure 4.6 (b) provides similar results at census tract level and it is more generalized than 

Figure 4.6 (b). The census tracts in the interpolated map are averaged out after the areal weighted 

interpolation because these tracts are large and are not densely developed, this is seen mostly in McIntosh 

and Camden. From the interpolated map, the smaller census tracts with dense population present more 
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detail about vulnerability in the area, for example, Chatham County shows more details because it has 

smaller tracts and dense population especially, around Savannah. In contrast, McIntosh has larger tracts 

and less dense population, which causes the averaging. There is more diversity that comes out of the data 

when there are smaller polygon sizes.  

The place vulnerability in Chatham reveals higher vulnerability in the western part of the county 

especially, around Savannah due to the social factors in the area like high poverty. From the census data 

used in this study, the average percentage of the population in Savannah living below poverty is 24.7, 

which is higher than the average for the study area (20.1%). Also, the average unemployment rate in 

Savannah is about 11.0 (see Appendix B), this rate is also higher than the unemployment rate in Coastal 

Georgia (9.7). 

Moreover, physical factors contribute to the place vulnerability in the county, Chatham comprises 

wetlands, rivers, smaller tributaries, and tidal creeks. The northeastern part of the county is bounded by 

the Savannah River and the southwestern part is bounded by the Ogeechee River. A great portion of the 

county lies within floodplains due to the low elevation and proximity to the Atlantic Ocean, Savannah 

River, and other tributaries. Some parts of Savannah lie within floodplains and this contributes to the 

flood hazard. Savannah is affected by riverine flood, flash flood, and coastal flood.  

On the other hand, Tybee Island is closer to the coast and has high physical vulnerability but 

reveals low place vulnerability. The low place vulnerability in Tybee Island is due to the wealth in this 

area. Wealth plays a major role in reducing vulnerability; wealthy communities can bounce back more 

quickly from disasters than poor communities. Moreover, the average per capita income in Tybee Island 

is $42,080, an amount higher than the average in Coastal Georgia ($26,829). Tybee also has a low 

unemployment rate of 3.5; this rate is lower than the rate in Savannah (11.0) as well as the study area 

(9.7). Also, Skidaway Island has higher income and less poverty relative to other Coastal Georgia 

communities: compared to the study area average of $26,829, Skidaway has an average of $66,236 per 

capita income.  
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The high place vulnerability in Liberty is expected because some of the tracts fall within high 

physical vulnerability and social factors like high unemployment rate and poverty increase the place 

vulnerability in the tracts. The average unemployment rate within Liberty is 11.4 and this rate is the 

highest amongst all the counties in Coastal Georgia. The tracts within Riceboro have a high poverty rate 

which can affect the resident’s capacity to bounce back quickly in disaster situations. An average of 

30.3% of the population in Riceboro lives below poverty and the unemployment rate in Riceboro is 14.1. 

The western part of Liberty where Fort Stewart lies reveals a low place vulnerability when we look at the 

interpolated map. The Fort Stewart area is a military base and not a lot of people live there therefore, the 

ability to recover would be high.  

In Figure 4.6 (a), areas in McIntosh around Sapelo and Darien have high place vulnerability. 

From the census data (ACS 2013-2017 5-year estimates), McIntosh has the lowest population (14,061) 

among the counties and an average of 19.7% of the population live below poverty. Sapelo Island has the 

Hog Hammock community which is one of the most vulnerable communities on the Georgia coast; Hog 

Hammock is historically a black community that lives on the Island with low-income people. Many 

residents in the Hog Hammock community are African Americans who are descendants of slaves brought 

to the Island to work. The low income and poverty in Sapelo make it socially vulnerable. The census tract 

that Sapelo falls within has an average of 22.9% of the population living below poverty and the average 

per capita income in this tract $23,517.  

 Meanwhile, physical factors in Sapelo Island contribute to the place vulnerability; the island is 

low in elevation and has salt marshes which quickly become saturated with seawater in an event of 

increased high tides or floods. The Hog Hammock community is more susceptible to flooding because it 

has a much lower elevation than other parts of the island. The high social vulnerability in the Island 

coupled with the physical vulnerability increases the place vulnerability. In the southeastern part of 

McIntosh lies Darien which is also highly vulnerable both socially and physically. Darien also has high 

poverty and low-income population which contributes to social vulnerability. An average of 22.9% of the 
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population in the tract live below poverty and the average per capita income is $23,517, an amount lower 

than the average per capita income in Coastal Georgia ($26,829).  Again, the city lies close to the 

Altamaha River that flows in the southwestern and southeastern parts of McIntosh, the tracts close to 

Darien are susceptible to flooding from the Altamaha. Due to increased social and physical vulnerability, 

Darien has a high place vulnerability. 

 Glynn County presents a high vulnerability that runs northwest and southeast near Brunswick 

and a low vulnerability in the northeastern part of the study area near Little St. Simons Island, Sea Island, 

and St. Simons Island. The tracts in Brunswick and Jekyll Island are low in elevation and prone to 

flooding. Also, there is a dense population (24,895) with low-income in Brunswick, the average per capita 

income in Brunswick is $18,779. The three islands at the northeastern coast of Glynn make up a 

compound barrier island and have relatively higher wealth than neighboring areas and likely have a better 

chance of recovering from flooding events. The tracts in which these islands fall have an average per 

capita income of $53,966. 

The tracts in Camden are averaged out in the interpolated map and do not reveal the areas with 

high vulnerability. Figure 4.6 (a) provides more details as the northeastern and southeastern parts of the 

county are revealed as highly vulnerable. The area around St. Marys is highly vulnerable; when Hurricane 

Matthew and Hurricane Irma hit, St. Marys sustained substantial damage. The St. Marys area is low lying 

and prone to flooding. Considering the social vulnerability, Camden has the second-highest 

unemployment rate in the entire study area with an average of 10.0, this rate is higher than the average of 

9.7 in the study area. Again, the social vulnerability in St. Marys is not as high as other places like 

Brunswick, however, it is also not low enough to offset the physical vulnerability in the area. For 

instance, Tybee Island and St. Simons Island reveal the lowest level of social vulnerability (Figure 4.2) 

due to wealth, and this offsets the physical vulnerability. On the contrary, when we look at Figure 4.2, the 

tracts around St. Marys reveal medium social vulnerability. 
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The social, physical, and place vulnerability indices are all spatially correlated, and there is 

mostly clustering in some areas within Chatham, Bryan, Liberty, Glynn, and Camden. The results 

confirmed in this study reveal that tracts within Brunswick, Riceboro, Richmond Hill, Savannah, St. 

Marys, Darien, and Sapelo Island need the most assistance. 

The limitations of this study are that some of the socioeconomic variables are not available at a 

finer scale. At the beginning of this study, the plan was to use the finest scale to reveal more details in the 

study area but not all the variables were found at this scale. Also, the SLOSH data layer did not cover the 

entire study area, due to this, the place vulnerability results produced did not cover the entire northern part 

of Bryan and Liberty.  

For future studies, critical infrastructure can be incorporated into the assessment to determine 

which infrastructure lies within vulnerable areas. Also, other ways of calculating the place vulnerability 

index can be tried and compared. The bivariate maps technique (Emrich and Cutter, 2011) can be applied 

to visualize and compare the social and physical vulnerability at the same time. Again, the AMBUR-HVA 

package can be expanded by adding functions to generate the social vulnerability index. 

5.1 Conclusion 

This study provides an assessment of place vulnerability in Coastal Georgia at the census tract 

level.  The patterns of place vulnerability are clustered in some areas within Chatham, Liberty, Glynn, 

Bryan, and Camden. Specifically, tracts within Savannah, Richmond Hill, Riceboro, Brunswick, Darien, 

St. Marys, and Sapelo Island have an extremely high vulnerability and initiative programs, and 

investments should be directed to these areas to ensure a more effective and productive contribution. 
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The results of this study help more precisely target the most vulnerable areas so that initiatives and 

investments would be more productive. Moreover, this study contributes to vulnerability research and the 

techniques applied in the study can be adopted for similar research. Also, the importance of understanding 

the intersection of social and physical vulnerability is highlighted in this study so that the vulnerability of 

a place is better represented. 

The study provides more detailed information about the place vulnerability in Coastal Georgia. 

Moreover, the study has revealed that poverty and wealth play a significant role in determining how a 

community recovers from disasters. A wealthy community would recover faster from a disaster than a 

poor community. In conclusion, place vulnerability assessment should be an essential component of 

disaster management practices and special attention should be channeled to areas that are revealed as 

most vulnerable.  
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