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LIST OF ABBREVIATIONS 

Sea Level Rise 
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This refers to measures of sea level above the current level in 
meters. 

Global Mean 
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Refers to the average sea level across the planet. 

Regional Sea 
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Refers to the mean regional sea level that is unique to specific 
regions due to local influences. 

Socioeconomic 
Status (SES) 

The position a person or community holds in terms of class, wealth, 
education, and similar contributing factors. 

Digital 
Elevation 
Model (DEM) 

A “bare-earth” 3D representation of the ground. 
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Abstract 

Sea level rise (SLR) in Miami demands attention from policymakers to consider 

environmental benefits such as higher elevation as potential disadvantages when 

possessed by vulnerable populations. Without examining higher elevation landscapes, 

certain demographic features within historically segregated neighborhoods risk unfair 

exposure to climate gentrification. To find communities most affected by SLR per select 

neighborhood and census tract, ArcGIS Pro was used to create bathtub models from 

USGS digital elevation models, and polygons containing American Community Survey 

census data, which were spatially joined to illustrate those affected by SLR per half 

meter interval. Finding that while three of the four contemporary neighborhoods retain 

predominate racial and ethnic character of each respective historical community, 25.6% 

of the total population were in poverty, and 2.8% were 85 and older. Little Havana 

(92.8% Hispanic & Latino) was most affected by SLR in area and by population count. 

The area lost per census tract across all SLR intervals ranged from 0% - 96%, with the 

most resilient census tract found in Little Haiti with < 1.5% area lost at 3.0 m of SLR. 

This study elucidates the demographic details of higher elevation locations possessing 

varying degrees of resilience but that are at risk to climate gentrification.  
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Ethics Statement 

Today GIS practitioners are tasked with providing accurate findings from data 

that is often publicly available. Part of this goal is to balance detailed analysis for the 

public good and respect towards data privacy concerns for individuals and communities. 

Often, demographic data is made widely available from sources such as the U.S. 

census database, where it is often queried and then used in GIS applications to provide 

meaningful context about the who, where, and what of a particular location. But even 

with the best intentions, using publicly available demographic features such as 

household income levels, race, ethnicity, and age, may expose groups of people to bad 

actors who may willingly use these results to their own ends. While the U.S. census 

data obscures exact identities by using estimates, demographic and/or cadastral data 

can cross the line of privacy, requiring academic and professional respect for the 

subject material and the subsequent results. As such, the full consequences of calling 

attention and identifying emerging public issues in a spatial context should always 

consider the intent of use for new findings and be aware that GIS analysis can cause 

harm. Producing revealing results and publications should be mindful of the scales used 

from each dataset and the privacy of not just individuals, but the community as well. 

The ethical concerns surrounding the need to provide accurate and reliable 

findings from publicly obtained data is particularly troublesome in this study because 

wealthy interests groups can readily use similar methodologies and data to target 

people and places that may offer the greatest returns on investments at the expense of 

those living in socioeconomic precarity. It is in the author’s best intention to provide a 

deeper context to this climate gentrification process, where the identification of the 

vulnerable in terms of sea level rise and possession of higher elevations is both a 
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powerful tool in GIS application and a push for environmental justice. By doing so, the 

results can offer awareness, visibility, and make the groups of people and places that 

may be at risk remain legible. 

This project meets ethical expectations by not placing blame on any particular 

interest, while acknowledging and drawing attention to a unique potential scenario that 

may challenge a broadly defined vulnerable population and area, while withholding 

individual identities and household addresses. The spatial scale of the broadly defined 

neighborhoods and census blocks and temporal scale of five year estimates for 

populations, prevents bad actors from singling out any street, household, business, or 

individual, but still provides a strong indicator of those who may face potential climate 

gentrification processes in Miami. As such, the data and the scales used in this study 

are appropriate to call attention to this topic and to serve security to the community 

identity of each neighborhood. 
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Chapter 1 

Introduction 

Increases in anthropogenic emissions will have profound influence on future 

human habitation along coastal environments as ocean water warms by thermal 

expansion and as land ice melts giving to the rise in sea levels (Nicholls & Cazenave, 

2010). The Intergovernmental Panel on Climate Change (IPCC) 6th assessment report 

has determined with high degrees of confidence that based on altimetry and tidal gauge 

observations the global mean sea levels (GMSL) increased as much as 3.6 mm per 

year between 2006 – 2015 compared to just 1.4 mm/year between 1901 - 1990, 

indicating that much of the world’s coastline will be affected by accelerating 

anthropogenic forces (Oppenheimer et al., 2019). Even more troubling, the IPCC notes 

that modeling the last interglacial period to compare to today’s sea level rise reveals 

gaps in our knowledge about the full effect of the Greenland and the Antarctic icesheets 

melting; the GMSL may be higher than expected near the end of the 21st century and 

beyond due to this uncertainty in ice-sheet loss (Sweet et al., 2022). For example, under 

the more extreme scenario known as Representative Concentration Pathway 8.5, the 

melting of the Antarctic Ice Sheet alone, can add an additional 28 cm of SLR by 2100 

(Oppenheimer et al., 2019). 

According to National Oceanic and Atmospheric Administration (NOAA), the 

Near-Term (2020 – 2050) relative sea level (above the year 2000 baseline) for the 

contiguous United States is expected to range between 0.31 m and 0.52 m (between 

low and high scenarios). NOAA also notes that the Long-Term Sea Level Change 

timeframe (2050 -2150) shows the Southeast U.S. having potential median values of 

0.5 m – 2.1 m of regional sea level (RSL) rise between low to high emission scenarios 
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by 2100, and median values of 0.7 m – 3.7 m of RSL rise between low to high emission 

scenarios by 2150 (Sweet et al., 2022). However, the further out the timeframe 

projection, and the more extreme the warming scenario, the lower the confidence 

values are for those models that frame the future GMSL and RSL. For certain, global 

mean sea levels are rising at an increasing rate and will have lasting lag effects that 

extend beyond 2100. 

Near-term scenarios at the regional level are better calibrated to measure the 

effects of SLR on today’s communities. For example, using regional instead of global 

sea level rise models can suggest even higher SLR increases when considering 

additional factors such as glacial isostatic adjustments, ocean salinity and temperature 

variations, and changes in ice sheet mass (Slangen et al., 2012). Also considerate of 

specific locales, port cities such as Miami, which ranks 1st in exposed assets to coastal 

flooding and 9th in terms of exposed population under the “business as usual” climate 

scenario by the 2070’s, will specifically have to contend with land subsistence, 

increases in population growth, and urbanization that exacerbate the negative qualities 

of RSL rise affecting low lying communities (Hanson et al., 2010). These points highlight 

that studying how SLR will affect a community is best suited at a narrower scope that is 

inclusive of the unique social and physical characteristics of each location. 

Improvements in technological resolution can aid SLR research as well. Kulp and 

Strauss (2019) find that when using newer digital elevation models (DEM) such as 

CoastalDEM, the number of people vulnerable to sea level rise living under 10 meters 

increases from 780 million (from Nasa’s Shuttle Radar Topography Mission DEM) to 

over 1 billion. In a similar vein, using higher resolution LIDAR digital elevation models 
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can be suitable for estimating inundation per individual properties when compared to 

coarser digitized USGS digital elevation models that are dependable mostly at the 

county level (Zhang, 2010). Because SLR will affect the world’s coastlines uniquely and 

our ability to track these changes are refining, policymakers should be considerate of 

the unique physical characteristics that each landscape holds, as well as the scale and 

resolution required to fully understand where and how sea water inundation can 

become problematic. 

In a more recent study, the Southeast Florida Regional Climate Change Compact 

Sea Level Rise Work Group (2019) laid out plans for the rise in sea level in three 

scenarios tailored specifically for Miami’s region: 1) short term (by 2040) a rise of 10-17 

inches, 2) medium-term (2070) between 21-54 inches, and 3) long term (2120) between 

40-136 inches above the 2000 mean sea level. Specific communities at the regional 

scale deviate from the global mean sea level rise and can mitigate the effects based on 

their unique characteristics. Being aware of the physical characteristics of a location is 

key to planning and preventing property and economic loss from sea level rise, but a 

deeper consideration of the landscape can reveal demographic features that may be 

indirectly at risk of being lost sea level rise. 

It is important for policy makers, residents, investors, and businesses to adapt 

resilient planning that is considerate of vulnerable populations which may reside on land 

that has environmental benefits such as higher elevation, which may not be immediately 

recognized as a precarious position when compared to the immediate coastal areas. 

Maldonado et al., (2016) find that hazard exposure and social vulnerability are not 

always positively correlated by finding that the non-Hispanic White populations are at 
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greatest risk to flood hazards in Miami, but that they can mitigate those risks due to their 

higher socioeconomic statues (SES). In addition to holding the best perceived 

environmental benefits (beach and waterway access) and the worst environmental 

hazards (increased risk to flooding from the coast), high SES residents can take 

advantage of taxpayer funded National Flood Insurance Programs, absorb a 

disproportionate share of public investments (Collins, 2010) from the city, and receive 

all the benefits associated with improved or fortified infrastructure, all of which 

effectively externalizes the risks of coastal flooding for this group (Collins et al., 2017).  

With attention to the coastline, the vulnerable populations such as those below the 

poverty line, the elderly, or specific minority groups, which are embedded in these 

“safer” higher elevation natural landscapes may be overlooked.  

Even in the affluent non-Hispanic White coastal flood zone areas there are 

neighborhoods with significant positive relationships with the poverty rate, which 

contrasts with the inland flood zone areas that are characterized as having lower 

median household incomes, lower poverty rates, and more racial and ethnic minority 

residents (Chakraborty et al., 2014). This could reveal the patchy nature of economic 

inequalities within the general coastal areas of Miami, where prosperity exists for the 

wealthy, but for others the cost of living may be increasingly unaffordable in the face of 

climate change. This situation for poverty stricken coastal flood zone residents is 

problematic; there are residents that are poor and may have to face the worst flooding, 

even in the wealthier areas. This can result in Climate Gentrification, which is a process 

coined by Jesse Keenan, Harvard Graduate School of Design Lecturer, where the 

direction of wealth and investment can lead from vulnerable coastal areas to the 
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displacement of the vulnerable people already living in the more resilient urban areas 

(Dagenais, 2017). 

Interestingly, Keenan et al., (2018) find that there is a positive correlation 

between elevation and the appreciation of home values in Miami-Dade County while 

suggesting different pathways in which climate gentrification can occur: 1) wealth and 

infrastructure can move to higher elevations and create cost burdens for trapped 

households, 2) environmental conditions can worsen to the point that only the wealthy 

can afford to remain, or 3) public investments such as sea barriers and raised roads can 

increase the value and tax burden of certain areas. With the suggestion that different 

climate gentrification processes are presently occurring, McAlpine & Porter (2018) find 

that properties that are expected to be flooded during king tide season by 2032 will have 

lost around $3.76 per square foot per year since 2005, and based on the average size 

of these lots, the affected properties will have lost $1,276.09 in value per year since 

2005. With these revelations, it can be said that the environmental benefit derived from 

higher elevation is a key factor in climate gentrification. It may be the case that wealth 

and gentrification will flow in the uphill direction in Miami. 

Since there is a history of Jim Crow era racism and redlining practices that forced 

Black and immigrant communities into the urban core and away from coastal properties, 

historic neighborhoods that possess the higher elevations along the limestone ridge are 

now sought after (Bolstad, 2017). Back in the 1930’s most of the Black and immigrant 

populations were clustered into the inner city areas known as “Colored Town” (now 

known as Overtown) and parts of Coconut Grove, where they faced racist public policy, 

redlining housing schemes, and violence that forcibly put pressure on residents to 
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become displaced or simply suffer the consequences of the increasingly cramped and 

unfair living conditions (Mohl, 1995). Racism has directly shaped the demographic 

landscape of Miami, and in particular, the higher elevations. 

Since the 1960’s when major highway construction forced more 10,000 people 

from the area, and local Black businesses began to struggle, Overtown like many of the 

Black and immigrant communities in Miami faced “revitalization” projects that pitted the 

poor and often Black communities at odds with redevelopment (Samara & Chang, 

2008). Another community that is currently subject to drastic change through 

redevelopment is Little Haiti, where the infamous Magic City District plan may be set in 

motion. From the Magic City District’s masterplan website (2021), it reads: 

“The time has come for innovation that honors the past while building a 
positive foundation for the future. For Magic City Innovation District – Little 
Haiti, this takes place across multiple thoughtfully planned development 
sites that integrate business, education, lifestyle, outdoor wellness, 
culture, and art where people can live, work, play and learn together. A 
neighborhood that welcomes forward thinking change and promotes 
success for all.” 

This mega-development that is composed of more than 2,000 residential units 

and a 3.4-acre public park on high elevation land is set to be built into the heart of Little 

Haiti where most residents are already considered to be cost-burdened renters with a 

median household income around $35,000 per year (Ariza, 2020). This reality where 

economic growth conceals gentrification with phrases such as “revitalization” and 

“forward thinking change” is the unintended consequences of pushing specific groups of 

people into “less valuable” areas in Miami. Unfortunately, this migrant and minority 

community is now subject to socioeconomic harm as wealthier interests now direct their 

attention to the high ground. 
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Taken altogether, it is in the context of rising seas in this racially charged region 

that puts pressure on vulnerable communities in Miami, that the identification of unique 

demographic characteristics of the ridgeline should be more fully examined to prevent 

the possibility of climate gentrification. By acknowledging the socio-cultural character of 

these communities, policy makers, residents, businesses, and developers can adapt 

resilient planning that is considerate of any vulnerable population which may reside in 

this unique landscape. Ignoring the shape and identity of this landscape risks displacing 

vulnerable groups and propagating climate gentrification processes. To fill this gap in 

knowledge, it is important to focus on specific historic neighborhoods such as Overtown, 

Little Haiti, Little Havana, and Coconut Grove since these areas represent the 

historically minority and immigrant communities that grew in Miami. The demographic 

characteristics of the high elevation and the people that now possess these areas 

should be protected in terms of their identity and ownership, instead of just economic 

growth. 

It is my primary goal to identify and bring light the potential at risk populations 

residing on the ridge that may cause them to face socio-economic hardships by virtue of 

owning land that is or will become highly desirable and increasingly cost prohibitive. My 

objectives are to use USGS DEMs to identify higher elevation areas that are seen as 

resilient by following the Southeast Florida Regional Climate Change Compact Sea 

Level Rise Work Group’s SLR projection models, and to query the U.S. census data of 

these areas to find vulnerable groups that might face climate gentrification. It is my hope 

that this study can help their identity remain visible in policy dialogue, maps, and in the 

physical landscape.
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Chapter 2 

Methods 

Southeast Florida is known for sandy beaches and for Miami’s vibrant sprawling 

city life. Within this area rests the subtle Atlantic Coastal Ridge which formed from by an 

oolitic limestone cap covering Pliocene coral reef complexes (Petuch, 1986) that run in 

a Northeast to Southwest direction under Miami towards the Everglades. It is this subtle, 

but higher elevation landscape that is of interest in this study area (Figure 2-1). With 

consideration to this landscape’s proximity to the Atlantic Ocean and high population 

density, it is ground zero for measuring and indexing the effects of climate change and 

social externalities such as climate gentrification. 
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Figure 2-1 USGS DEM mosaic and the Atlantic Coastal Ridge. Note outliers found in 
landfill sites in NW and erroneous low values from water sources. 
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Table 2-1 USGS DEM Tiles 
Official name of data set(s) a: USGS NED 

ned19_n25x75_w080x25_fl_miamidadecoast_2008 1/9 
arc-second 2010 15 x 15 minute.img 
b: USGS NED 
ned19_n25x75_w080x50_fl_miamidadecoast_2008 1/9 
arc-second 2010 15 x 15 minute.img 
c: USGS NED 
ned19_n26x00_w080x25_fl_miamidadecoast_2008 1/9 
arc-second 2010 15 x 15 minute.img    
d: USGS NED 
ned19_n26x00_w080x50_fl_miamidadecoast_2008 1/9 
arc-second 2010 15 x 15 minute.img 

Year of 
Publication 

2010 

Author and/or owner U.S. Geological Survey 
URL or FTP address of 
repository 

https://apps.nationalmap.gov/downloader/#/ 

Description This data set is comprised of four selected DEM tiles 
that cover the study area in Miami, Fl at 1/9 arc-second 
resolution from the National Elevation Dataset (NED). 

Coordinate System; 
geodesic model, horizontal 
datum, vertical datum, and 
EPSG 

NAD 1983; GRS 1980, D North American 1983, NAVD 
88, WKID 4269 

Projection (if any) - 
Spatial resolution (if raster) 1/9 arc-second 
Type of geometry (if vector) - 

 

Forecasting the effects of climate induced sea level rise often relates to coastal 

property and measures of sea water inundation at specific benchmarks. It is also 

common to query U.S. census and property databases to gather information about the 

demographic and infrastructure shape of a landscape and to use USGS digital elevation 

models to visualize elevation and areas flooded in a bathtub analysis. For example, 

Keenan et al., (2018) find positive relationships between property values, elevation, and 

sea level rise that suggest that upcoming climate gentrification processes preference 

higher elevations. Other studies look at relationships between tidal flooding and the 
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recent negative impacts on property values in Miami by using digital elevation models 

and specific elevation intervals above sea level based on climate benchmarks to 

illustrate the costs associated with sea water inundation (McAlpine & Porter, 2018). To 

visualize sea level rise, this project employs a simple bathtub method to delineate areas 

of sea water inundation. While not as robust as studies that offer probabilities for 

uncertainty in inundation values, this single value surface model GIS technique requires 

only a user described inundation level and ground elevation data (NOAA, 2010), in 

which areas below a certain elevation level are described as completely flooded. 

Collecting appropriate data was the first step in exploring the people, shape, and 

resilience of this landscape. I first browsed the National Map viewer from the USGS to 

find accurate DEM tiles that covered Miami appropriately. Four 1/9 arc-second 15 x 15- 

minute DEM tiles were found to be suitable in both resolution and location (Figure 2-1). 

The collected DEM raster data was then converted into points and polygons to find 

mean elevations and area sums. Then, 2015 – 2019 American Community Survey data 

from the U.S. census was downloaded and prepared with selected fields: population by 

race, total population, and families for whom poverty status is determined in the past 12 

months, and total population over age 85, and under the age of 5. These demographic 

features were taken from a total of 47 census tracts that visually overlay parts of the 

Atlantic Coastal Ridge in Miami (Figure 2-2). Lastly, locations of contemporary 

neighborhoods were taken from a generalized shapefile from the City of Miami’s data 

repository (Figure 2-3) to be used in creating a separate collection of four historic 

neighborhood polygons that were snapped to U.S. TIGER polylines to reduce silvers 

and maintain accurate counts. The resulting neighborhood polygons span the original 
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historic roots of each area while linking itself from the present into the future based on 

sea level rise projections established by the 2019 Southeast Florida Regional Climate 

Change Compact (Table 2-2). 

Table 2-2 Unified Sea Level Rise Projection for Southeast Florida 
 Estimated 

Date 
Range of Sea Level Rise 
(Above mean sea level) 

Short Term 2040 10 – 17 inches (0.25 – 0.43 meters) 
Medium Term 2070 21 – 54 inches (0.53 – 1.37 meters) 
Long Term 2120 40 – 135 inches (1.01 – 3.42 meters) 

 

It should be noted that the data involved in this study makes use of a DEM (from 

2010) and Census (2015 – 2019) data to describe present locations while projecting sea 

level rise well into 2100. This study can only make estimations about the characteristics 

of the near present and future imagined landscape. Furthermore, climate models will 

continue to change as they become more refined, and as populations change in time 

and space. However, this study’s workflow can adapt newer datasets and have any 

parameter adjusted to create visualizations ready for immediate and relevant use. 

Nevertheless, with these selected data layers I can manipulate raster elevation data into 

polygon layers that simulate sea level rise and spatially join demographic and elevation 

data to census tracts and aggregated neighborhoods. By doing so, I can identify areas 

of higher elevation, query recent neighborhood and census tract demographic sums, 

and quantify area lost to sea level inundation at different points in time for these areas. 
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Figure 2-2 Census tracts used from the American Community Survey dataset, Miami, 
Fl. 
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Table 2-3 American Community Survey (ACS) data set 
Official name of data set ACS_2019_5YR_Tract_12_FLORIDA.gdb 
Year of Publication 2019 TIGER/Line Shapefiles & 2015-2019 ACS 
Author and/or owner US CENSUS 
URL or FTP address of 
repository 

https://www.census.gov/geographies/mapping-
files/time-series/geo/tiger-data.html 

Description Contains TIGER/Line Shapefiles with demographic 
data estimates for Census Tracts in Florida from 2015 
to 2019 in a GDB format 

Coordinate System; 
geodesic model, 
horizontal datum, 
vertical datum, and 
EPSG 

NAD 83; GRS 1980, D North American 1983, WKID 
4269 

Projection (if any) - 
Spatial resolution (if 
raster) 

- 

Type of geometry (if 
vector) 

Polygon 
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Figure 2-3 Miami neighborhoods shapefile. 
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Table 2-4 Miami Neighborhoods Shapefile 
Official name of data set Miami Neighborhoods Shapefile 
Year of Publication 2019 
Author and/or owner CityMiamiFL 
URL or FTP address of 
repository 

https://hub.arcgis.com/search?bbox=-
80.32001877367217%2C25.70831984281214%2C-
80.13997478959458%2C25.85654699524482&collection=
Dataset 

Description Polygon feature dataset describing boundaries and names 
of contemporary neighborhoods in Miami, FL. 

Coordinate System; 
geodesic model, 
horizontal datum, 
vertical datum, and 
EPSG 

NAD 83; GRS 1980, D North American 1983, WKID 4269 

Projection (if any) - 
Spatial resolution (if 
raster) 

- 

Type of geometry (if 
vector) 

Polygon 

 
GIS Workflow 

All geoprocessing and modeling were completed within ArcGIS Pro using a 

series of ESRI tools. First, the Mosaic and Clip Raster tools were used to create a 

single elevation raster from the original four rasters. Next, I used the Raster to Point tool 

to convert the elevation raster into a collection of elevation point shapes to be used to 

calculate elevation averages. These points were then joined with census tracts using 

the Spatial Join tool with Merge Rule “MEAN” selected for point values representing 

elevation in the output fields, resulting in census tract polygons with mean elevation 

calculated per tract. An additional Spatial Join was performed to intersect a historic 

neighborhoods polygon layer with the census tract layer. This second Spatial Join used 

Merge Rule “SUM” to add selected demographic fields of all census tracts that were 

“intersected” by the larger neighborhood polygons and added mean elevation per 

neighborhood like the previous spatial join. These steps created two levels of analysis, 
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the first at the census tract level and the second at the neighborhood level, both 

containing elevation and demographic data. 

To visualize and quantify the area lost to sea level rise I created polygons with 

total area summarized for each sea level rise elevation interval. To accomplish this, the 

initial elevation raster mosaic was used to make six new rasters at elevation intervals of 

0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 meters with the Make New Raster Tool. These intervals 

were selected to cover the short term, medium term, and long term SLR ranges 

previous mentioned in Table 2-2 with an emphasis on the worst-case scenarios in the 

long term to highlight the resilience of higher elevations in equal half meter increments. 

These six new rasters were converted from float to integer polygons by using the Int, 

and then the Raster to Polygon tools to simply show all elevation less than or equal to 

each interval. Then, with elevation polygons per SLR interval, they were clipped to the 

historic neighborhoods layer and subsequently had each area summarized in square 

kilometers with the Summarize Within tool to describe area lost. 

These steps and geoprocessing techniques created neighborhood polygons (and 

census tract polygons) with select demographic features, elevation, and total area of 

sea inundation per specific intervals. With a working model in ArcGIS Pro, the products 

that can be derived from the workflow include maps displaying areas of high and low 

resilience based on mean elevation, quantities of area lost per neighborhood and 

individual census tract, and who is most affected by SLR at the most immediate 

intervals. The workflow for this project is summarized below (Fig 2-4). 
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Figure 2-4 Flowchart of workflow. 
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Chapter 3 

Results 

This study focused on identifying the characteristics of the people living in the 

neighborhoods known as Coconut Grove, Overtown, Little Havana, and Little Haiti. 

Considering the diversity of racial groups and ethnicities in diverse Miami, only the 

largest groups that have links to a highly racialized past in Miami were counted in this 

study; broadly White, Black, and Hispanic & Latino populations (Figure 3-1).  

 

Figure 3-1 Bar chart displaying population count per historic neighborhood in study 
area. 

It was found that despite past segregation efforts, population growth, and 

expansive urban development, these neighborhoods still hold proportions of each 

population that relate to the communities that they were originally known for (Figure 3-2 
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& Figure 3-3). For example, Overtown which has drastically physically changed and is a 

product of segregation is still 40.8% Black which represents 8,567 people of the 20,998 

total population. Nearby Little Haiti is 64% Black and 29% Hispanic & Latino which is 

21,552 and 9,913 people respectively, of a total of 33,663 who now reside there. 

Coconut Grove is now 39% Hispanic & Latino, 42.2% White, and 15.3% Black with a 

total population count of 21,493 people. In the generalized neighborhood of Coconut 

Grove, the overall demographics have shifted towards a greater White and Hispanic & 

Latino population, but the “West Grove” still retains a sizeable Black population that may 

still have links to the original Bahamian settlers. While the largest neighborhood in the 

study, Little Havana is 92.8% Hispanic & Latino representing 127,038 of the 136,910 

people who reside in that area. 

 

Figure 3-2 Bar chart showing population percentages per neighborhood. 
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Figure 3-3 The demographic landscape of each neighborhood per census tract. 

These totals and percentages of each racial and ethnic group are important to 

describe the character of the present landscape and add to the narrative that these 

landscapes still hold a rich racial and ethnic resource that is worth protecting. Other 

potential vulnerable groups worth acknowledging are the young, elderly, and the 

population below the poverty line (Figure 3-4 & Figure 3-5). 
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Figure 3-4 The proportions of vulnerable groups in each neighborhood and of the total 
study area. 
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Figure 3-5 Percent below the poverty line per census tract. 
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Of the total study area, 25.6% of the population was found to be below the 

poverty line with the greatest proportion found in Overtown (34.4%), followed by Little 

Haiti (31.2%), Little Havana (24.9%), and lastly Coconut Grove (11.7%). The young 

(under the age of 5) represented 6.2% of the population with the most children found in 

Little Havana (7,197) and the greatest proportion found in Coconut Grove at 9% of the 

total population for that neighborhood. In comparison, the elderly (85 years and older) 

represented 2.8% of the total population with the most (4,472) and greatest proportion 

(3.2%) of elderly were found to reside in Little Havana. 

Another key factor to this study was consideration of elevation within each 

neighborhood (Figure 3-6) and to a finer scale, each census tract (Figure 3-7). The 

mean elevation for each neighborhood was found to be 3.21 meters for Coconut Grove, 

2.67 meters in Overtown, 2.79 meters in Little Havana, and 3.11 meters in Little Haiti. 

The range of all elevation points in the study fell between -2.17 and 14.76 meters. The 

mean elevation for all point within the study area was found to be 2.8 meters. Examining 

the mean elevation per census tract shows that areas around the Miami River are 

lowest in elevation between 1.3 meters and 2.0 meters above sea level. Additionally, it 

was found that Census Tract 50.01 located in the northwest corner of Little Havana held 

the lowest mean elevation (1.33 meters) and Census Tract 22.01 on a ridge in Little 

Haiti held the highest mean elevation (4.14 meters) throughout the study area. 
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Figure 3-6 The average elevation per neighborhood and the elevation range throughout 
the study area. 
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Figure 3-7 The mean elevation per census tract throughout the study area. 
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Lastly, describing the area lost to sea level rise was calculated by total area in 

square kilometers and by percentage of each neighborhood per half-meter increments 

up to 3.0 meters. It was found that Little Havana (49% of the total study area) lost the 

most land area at all intervals except at 0.5 meters of SLR compared to Little Haiti 

which lost the least at all intervals except at 3.0 meters of SLR (Figure 3-8). 

 

Figure 3-8 Neighborhood area losses in km2 per SLR intervals. 

The effect of sea level rise is gradual with <1.09% of total area lost at 0.5 meter 

of SLR and <5.4% of total area lost at 1.0 meter of SLR for all neighborhoods. However, 

after 1.0 meter of SLR each neighborhood begins to lose drastically more area 

individually; the area lost ranges between 2.4% - 23.6% at 1.5 meters, 14.7% - 33.5% at 

2.0 meters, 26.9% - 47.8% at 2.5 meters, and finally between 42.7% - 60.2% at 3.0 

meters for each respective neighborhood (Table 3-1 & Figure 3-9). The resulting Figure 

3-10 shows areas that become inundated at each successive half-meter interval, where 



 

36 
 

low coastal areas of Coconut Grove, and areas near the Miami River (which splits 

Overtown and Little Havana) have the greatest losses. Areas in this last figure that are 

not color coded are above 3.0 meters in elevation and considered resilient to sea level 

rise. 

Table 3-1 Percentage of Total Area Lost to SLR Per Neighborhood 
 0.5m 1.0m 1.5m 2.0m 2.5m 3.0m 
Coconut Grove 2.3 7.5 14.3 19.5 26.9 42.7 
Overtown 1.5 7.6 23.6 33.5 47.8 60.2 
Little Havana 0.8 5.7 16.6 26.4 35.0 54.0 
Little Haiti 0.3 0.8 2.4 14.7 29.1 55.0 

 

 

Figure 3-9 Percentage of area lost plotted over SLR intervals.  
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Figure 3-10 The SLR bathtub model with half-meter intervals across the four 
neighborhoods. 
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Discussion 

 This project set out to describe the demographic landscape of higher elevations 

in Miami by focusing on specific neighborhoods and census tracts that offer varying 

degrees of resilience to sea level rise based on half-meter increments. In doing so, the 

2015 – 2019 ACS data was used to find the counts of people and vulnerable 

populations with a dependable 90% confidence level (Fuller, 2018) at the neighborhood 

scale and census tract scale. While these counts are estimates, the ACS 5-year 

estimates have smaller margins of error than 1-year estimates because of the greater 

pool of data in the collection. But due to the temporal resolution of the ACS dataset 

used, it should be noted that the values are less recent when compared to a 1-year 

estimate for the same area. 

 It is also important to consider how each neighborhood boundary is outlined, 

which can change the impression of who and what areas should be included in each 

neighborhood. Since the neighborhoods shapefile derived from the Miami repository 

was not an official outline of the actual (and changing) sociocultural landscapes, each 

neighborhood was generalized by including multiple official census tract polygons 

derived from the TIGER polylines that encompassed the general area for each 

neighborhood. For example, depending on the time and place, Coconut Grove was a 

highly segmented and racialized area, which for this study, was collectively joined as a 

single body. Distinctions between “West Grove” and “Northeast Grove” did have 

historical and racial significance in terms of boundaries and demographic make-up, but 

because those boundaries or “color lines” changed for policy and sometimes racist 

belief, those exact boundaries are difficult to outline. For this reason, it was decided to 

aggregate the census tracts, into single bodies for each neighborhood. By doing so, the 
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contemporary population counts are more inclusive but may not fully reflect the exact 

racialized and segmented historical neighborhood distinctions. Nevertheless, the only 

neighborhood in this study that has seen drastic change even with this aggregation 

scheme is Overtown. This historic area that is known for overtly sequestering Black 

populations and the target for revitalization projects has seen a sizeable decrease in the 

number of Black residents. 

 It is reasonable to assume that the population counts are accurate for each 

neighborhood and for each census tract for a period that is nearest to the present-day. 

Based on this study’s elevation SLR intervals, groups affected by 0.5 meters or less 

would be most accurately represented by the census data since <0.5 meters fall within 

the Unified Sea Level Rise Projections “Short term” projection of 10 to 17 inches (or 

(0.25 – 0.43 meters) of sea level rise by 2040. The higher the sea level interval used in 

this study; the less accurate the demographic data is representative of the people that 

might live in this future landscape. Since the demographic landscape is likely to change 

over larger spans of time, we should cautiously consider vulnerable populations that 

might fall within the “medium term” scenario which sees sea level rise between 21 to 54 

inches (0.53 – 1.37 meters) by 2070, and those that may fall into the “long term” 

scenario which projects a sea level rise between 40 to 136 inches (1.01 – 3.42 meters) 

by 2120. Therefore, the census data most reflects the nearer projections and can aid 

policymakers in preventing climate gentrification, while the longer projections can only 

accurately provide the general locations of where people may still reside in the future 

rather than exact counts of people. Because of this dilemma, it was decided to find the 

total numbers of both the elderly and the young because both groups are affected in the 
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present while the young could have the expectation of having to face the future 

projected scenarios. 

 This study also used USGS digital elevation models to illustrate the rise in sea 

level at 1/9-arc second resolution which translates to a 3.04-meter resolution. This 

spatial resolution allowed for detailed polygons to be derived from raster elevation 

points to find the area of inundation at the specified intervals. This resolution provided 

which areas were naturally more resilient to SLR, and the mean elevation for 

neighborhoods and for each census tract. But when studying the total range of elevation 

points, -2.17 meters to 14.76 meters it is found that there are low and high outliers, 

representing erroneous low points found from water bodies and up to higher points that 

represent highways in the “bare-earth” surface. Where possible these areas were 

removed, such as portions of the Miami River, which naturally lowered the mean 

elevation for nearby areas. 

It was also found that natural sinks in the landscape exist which can occasionally 

create pits in the elevation model and a coarser polygon surface. These areas would 

not depict SLR accurately since they are locked away by surrounding higher areas. 

Since this simple bathtub analysis simulated inundated areas as if there are no barriers 

such as canal locks or buildings, certain inland areas that show inundation can be 

exaggerated. Uncertainty in pixel values across the DEM surface can be a limitation to 

the single variable bathtub method, since only elevations below certain marks are 

considered flooded. 

Adding variables to a cost-surface can create more accurate bathtub method 

studies. For example, Williams and Lück-Vogel (2019) found that simple bathtub 
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methodologies can exaggerate inundated areas, and that by computing slope, 

hydrological connectivity, and surface roughness into a raster calculator, a more 

efficient and logical bathtub method is found. And moving beyond even the best 

deterministic bathtub models, probabilistic methods can offer insight for when the true 

value of individual pixels in a DEM may be uncertain. To manage uncertainty in a DEM 

used in inundation studies, Fereshtehpour and Karamouz (2018) compare different 

deterministic and simulated probabilistic bathtub models and find it beneficial to include 

probability to flood analysis for a fuller understanding of a study area. 

 This simple bathtub methodology can be improved by utilizing finer resolutions. 

For example, more up to date U.S. census data can provide a greater accuracy in 

counts per head as well as offering a finer areal resolution, from Census Tract down to 

the Census Block. Additionally, higher resolution DEMs from lidar are becoming more 

widely available which can further delineate areas of inundation and help create better 

SLR models. Altogether, comparing census data and elevation data can produce viable 

models that illustrate the demographic landscape that is most affected by SLR. Bathtub 

analyses can be improved by increasing the accuracy for each type of dataset used, 

and by including a full range of variables as inputs for a more thorough deterministic 

cost-surface model, and by being mindful of probabilistic methods that can help address 

uncertainty in digital elevation model rasters. 
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Chapter 4 

Conclusion 

Finding the vulnerable groups that are at risk to climate gentrification necessarily 

requires a look at where the higher elevations are located, and who resides in those 

locations, compared to a SLR model. This paper has sketched out those locations that 

would be most affected by a set of specific SLR intervals and those who may suffer the 

consequences of climate gentrification in four select neighborhoods by means of a 

simple bathtub analysis. The results of this paper provide an estimation of area lost to 

SLR per half meter increments, and the demographic counts and proportions of people 

per age, race & ethnicity, and by those that fall below the poverty line.  

It was found that the present-day demographic makeup mostly reflects each 

historical neighborhood namesake, suggesting that the cultural identity of each 

neighborhood is very much alive and worth protecting. While it is noted that each of 

these neighborhoods have a history of segregation and displacement, only Overtown 

may have seen a permanent shift away from historical Black populations. It could be 

likely that the processes of segregation and gentrification have already pushed Black 

families away from this area, since this group now only represent about 40.8% of 

Overtown. 

The other neighborhoods retain their namesake’s expectation; Little Havana is 

92.8% Hispanic & Latino, and Little Haiti is 64% Black and 29.4% Hispanic & Latino, 

and the segmented neighborhood of Coconut Grove is 42.2% White (with 15.3% Black, 

and 39% Hispanic & Latino). These proportions are important because they describe 

who mostly lives in the historic neighborhoods presently. But they also provide 

significance to the idea that these groups may have links to the historical past of Jim 
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Crow era policy, which forced minorities into specific areas of Miami that happen to 

have higher elevations.  

To complete this introductory investigation into these higher elevations in Miami, 

a simple single variable bathtub method was employed to highlight the resilience of 

each of these neighborhoods. Using Esri’s ArcGIS Pro, USGS digital elevation models 

were first combined with the Mosaic tool for a complete raster covering the greater 

Miami area. From this initial raster it was decided to create new rasters for each half 

meter elevation interval by first converting each new raster from float to integers with the 

Int tool, and then converting the rasters into polygons with the Raster to Polygon tool. 

This resulted in six polygons with set intervals to describe the levels of the “bathtub” 

limits that were to be used to describe the area lost at each successive level of sea 

water inundation. Simultaneously, the initial elevation raster was also converted to 

points with the Raster to Point tool to find the mean elevations per census tract by using 

the Spatial Join tool. A subsequent spatial join was used to combine elevation points 

with the neighborhood polygons to find the mean elevation for each location. The spatial 

joins combined elevation with demographic data at two scales: the neighborhoods and 

the census tracts. Finally, the Summarize Within tool was used to combine the interval 

polygons with the neighborhoods and census tracts. The resulting product from these 

methods are historic areas and census tract polygons with demographic and elevation 

data per half meter of sea level rise. 

Based on total area lost, Little Havana is most at risk to SLR at all intervals 

except at the near-term 0.5 meter interval. This neighborhood represents a range of 

areas lost from 0.17 km2 (0.8%) to 11.0 km2 (54.0%) between 0.5 m and 3.0 m of SLR. 
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The most affected areas are the census tracts that abut the Miami River, with the lowest 

mean elevation per census tract found in the northwest corner of the neighborhood at 

just 1.33 meters above sea level, which loses between 1.3% – 96% of area between 0.5 

– 3.0 meters of SLR. In comparison with Little Haiti, which loses 0.02 km2 (0.3%) – 4.2 

km2 (55.0%) between the 0.5 m and 3.0 m of SLR intervals, this neighborhood contains 

the census tract with the highest mean elevation (4.14 meters) which only sees a range 

of area loss between 0.0% - 1.5% of the total census tract between 0.5 – 3.0 meters of 

SLR. On average, Overtown has the lowest mean elevation (2.67 meters above sea 

level), followed by Little Havana (2.79 m), Little Haiti (3.11), and the highest found in 

Coconut Grove (3.21). And while collectively the neighborhoods only lose <1.1% area at 

0.5 m of SLR in the short-term, the medium-term and long-term projections see more 

drastic losses. For example, the medium term projections between 1.0 m – 1.5 m sees 

the neighborhoods lose between 5.4% - 12.4% of the total area, and the long term 

projections between 2.0 m – 3.0 m sees area losses between 23.7% - 52.6%. 

Within these areas of varying degrees of resilience to SLR, 25.6% of the total 

population was in poverty, with the most located in Overtown (34.4%). Of the study 

area, the elderly (85 years & older) represents 2.8% of the population and the young 

(under age 5) represents 6.2% of the total population. Little Havana had the greatest 

proportion of the elderly and Coconut Grove had the greatest proportion of the young, 

but by count the most elderly and young reside in Little Havana. It can be suggested 

that census tracts and neighborhoods with higher average elevations are most resilient 

to SLR. But areas with high elevation and more vulnerable populations may be at risk to 
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climate gentrification processes that may select these areas over the less desirable 

lower elevation areas.  

Little Haiti, while possessing some higher elevations, is 64% Black and 29.4% 

Hispanic & Latino, with 31.3% below the poverty line, may be suggested as a 

neighborhood that has characteristics that make it at risk to climate gentrification. Little 

Havana and Overtown may also be at risk, since even with lower mean elevations, they 

possess high proportions of Hispanic & Latino and Black populations with each 

neighborhood having 25% and 34.4% of under the poverty line, respectively. Only 

Coconut Grove, which collectively contains higher mean elevations, the greatest 

proportion of White population (42.2%), and with the lowest poverty rate (11.7%), may 

be suggested as a location that is not at risk to climate gentrification. 

Other researchers that may focus on climate gentrification and sea level rise in 

South Florida should be aware of the racialized history that has shaped the multifaceted 

identity of Miami. This practice to include identities is additive to GIS research and 

policy making because it can help solve climate related problems in a more equitable 

way that is inclusive of unique perspectives. It can also give voice and make legible the 

communities that may have had little political efficacy in the past or present. As such, 

this GIS practitioner hopes that this study has provided a more detailed understanding 

of the demographics of higher elevation locations in Miami and why recognizing the 

vulnerable in this landscape is important to understanding sea level rise in South 

Florida. 
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