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ABSTRACT 

The Urban Heat Island (UHI) effect is a phenomenon where an urban area has a higher 

Land Surface Temperature (LST) than surrounding rural areas due to human activities. This 

phenomenon is caused by the increasing urbanization and the removal of green vegetation. The 

combination of urbanization and climate change has intensified the UHI within urban areas. 

Certain urban areas can see slightly higher UHI temperatures than other urban areas due to 

certain demographic, socioeconomic, and land-use factors. This study sought to see how the UHI 

effect is being distributed within Dallas County, TX. Dallas County has the 8th largest city in the 

United States which is the city of Dallas. The City of Dallas was one of the cities within the 

United States that was redlined by the US government. Redlining was the practice that was used 

to bar minorities from moving into predominantly white communities and obtaining financial 

resources. This study used data from the Landsat 8 satellite to determine the UHI within Dallas 

County and how it is being distributed within certain demographic, socioeconomic, land-use, and 

historical practices. The assessment was done at the census tract level to determine if tracts with 

higher UHI had differences in the covariates. Thru the assessment, predominantly White areas, 

with a  high median household income, and have areas graded by the Home Owner Loan 

Corporation (HOLC) as “Best” or “Still Desirable”  had a lower UHI temperature. While areas 

that are predominantly Black or Hispanic with a high poverty rate, a large percentage of areas 

covered by impervious surfaces, and have areas graded by HOLC as “Definitely Declining” or 

“Hazardous” have a higher UHI temperature.  

Keywords: Urban Heat Islands; environmental inequity; socio-demographic characteristic.  

 



7 
 

INTRODUCTION 

Two major global trends, urbanization, and climate change have amplified the Urban 

Heat Island (UHI) effect impacting the health of the urban population. The UHI effect is a 

phenomenon in which urban land has a higher Land Surface Temperature (LST) than rural areas 

(Mohajerani et al., 2017). This phenomenon is caused by the removal of vegetation from an area 

and replacing it with human-made objects such as buildings and roads. Building materials such 

as concrete and asphalt have a lower albedo meaning that these materials have a greater solar 

radiation absorption and thermal capacity than vegetation (Weng et al., 2004). During the day, 

the manmade materials absorb the heat from the sun and release the absorbed heat at night, 

making urban areas have a higher LST. In contrast, vegetation reflects the solar radiation back 

into the atmosphere due to vegetation having a higher albedo than manmade materials, creating a 

much lower LST in rural areas (Mohajerani et al., 2017). Thus, the level of development or 

vegetation density in an area creates a varying difference in the LST between urban and rural 

land.  

The rising temperatures caused by climate change will intensify heat waves (Meehl et al., 

2004). The combination of increasing temperatures due to climate change and the amplification 

of the LST by urbanization puts urban populations more in danger of being more susceptible to 

heat-related illness or death, especially in densely populated areas (Wong et al., 2016). Specific 

population segments can be more sensitive to heat-related illness due to age, health, and 

socioeconomic factors (Hoffman et al., 2020). Those younger than 5 and adults older than 65 are 

more susceptible to heat-related illness. Also, those who don’t have the socioeconomic means to 

seek refuge from the heat due to not being able to afford an air-conditioned home or access to 

public areas with air conditioning can be susceptible to heat-related illness. The combination of 
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the built environment and demographic and socioeconomic factors can make certain areas in an 

urban setting see the varying difference in the intensity of the UHI, creating an environmental 

inequality within these areas. Environmental inequality is the type of inequality that a particular 

social group is disproportionately affected by environmental issues. Environmental inequality 

can result from political, demographics, and socioeconomic factors (Wong et al., 2016). 

 Practices like redlining and exclusionary zoning have barred minority groups from 

certain neighborhoods (Saverino et al., 2021). Redlining was the practice from public and private 

sectors that barred minorities from obtaining loans based on the person’s race or location 

(Saverino et al., 2021). The federal government used the practice of redlining thru the Home 

Owner’s Loan Corporation (HOLC) (Hoffman et al., 2020). The HOLC created a color-coded 

map for cities that determined the best and hazardous neighborhoods for real estate investment 

based on racial makeup, financial status, health conditions, and insurance history (Hoffman et al., 

2020). This classification was used to determine the areas where loans can be offered. The 

HOLC classified neighborhoods into 4 categories across 239 US cities (Hoffman et al., 2020). 

The classification used by the HOLC was “Best” (A, outline green), “Still Desirable” (B, 

outlined in blue), “Definitely Declining” (C, outlined in yellow), and “Hazardous” (D, outlined 

in red) (Hoffman et al., 2020). The HOLC classified parts of cities from the 1930s to 1940s.  

Hoffman et al. conducted a study that found that the highest LST in cities correlated with 

the historic redlining. They evaluated the HOLC maps for 108 US cities and compared them to 

the LST derived from Landsat 8 data collected from June 2014 to August 2017. The mean LST 

was calculated for each HOLC classified polygon to determine how cooler or warmer that area is 

compared to the rest of the HOLC classified areas in that city. The study found a non-uniformed 

distribution of the LST within redlined cities, which tended to be warmer than those that were 



9 
 

not redlined (Hoffman et al., 2020). This means that historical policies have influenced the UHI 

in certain towns (Hoffman et al., 2020). Saverino et al. took Hoffman et al. study a bit further to 

investigate the associations between extreme heat and current and historical demographic, 

socioeconomic, and land use factors during a heatwave in Richmond, VA. They conducted their 

study at the census block level. They found that the amount of canopy cover, the percent 

impervious surface, and poverty were shown to have a strong correlation with the UHI during the 

afternoon heatwave (Saverino et al., 2021). In addition, they found that areas with low 

socioeconomic status and minority groups disproportionately experienced extreme heat 

(Saverino et al., 2021).  

This study sought to see how the UHI is distributed across Dallas County, TX, based on 

demographic, socioeconomic, land-use factors, and historical practices. The study uses the 

demographic information from communities that define themselves as Asian, Black, Hispanic, or 

White to determine how the UHI is distributed. Additionally, the study looks at how the UHI is 

distributed within different age groups, including populations under 5 years of age and those 65 

and older. Socioeconomic factors such as median household income and poverty level, were 

considered to understand how the UHI is being distributed within these factors. Also, the study 

looked at historical policies/practices like redlining, and how these policies affect the UHI 

distribution in neighborhoods that the HOLC has graded. Finally, the study looks at land use, 

canopy cover, and impervious surfaces within Dallas County and their effects on the distribution 

of the UHI. The study was conducted at the census tract level. 
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METHODS 

Study Area 

Dallas County, TX has an area of 872.1 sq. miles and has a population of 2.6 million 

people as of 2019 (Census, 2021). The city of Dallas is located within Dallas County and is the 

8th largest city in the United States (Census, 2021). Figure 1 shows the extent of Dallas County 

and the city limits for the city of Dallas. The population of  Dallas County is made up of 6.2% 

Asian, 22.3% Black, 29.1% White, and 40.2% Hispanic based on the data gathered by 2019 

American Community Survey (ACS) 5-year estimate (Census, 2021). The Asian population is 

highly concentrated in the northwest part of the county, as seen in figure 2A. Figure 2B shows 

the distribution of the Black population in the county. The Black population is concentrated to 

Figure 1: Study area encompassing Dallas County, TX. 
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the south part of the county, with parts in the central northeast. The non-Hispanic White 

population is concentrated in the north and central part of the county as shown in figure 2D. The 

Hispanic population occupies the West and East parts of the county, as seen in figure 2C. Figure 

3 shows the distribution of populations under 5 years of age and those 65 and older. The 

Figure 2: The images above show the distribution of race and ethnicity in Dallas County, TX. The 
data came from the 2019 American Community Survey (ACS) 5-year estimates. The data has been 
normalized by dividing the number of people identified by a specific race/ethnicity by the total 
population in each census tract. A) Shows the Asian population distribution. B) Shows the Black 
population distribution. C) Shows the Hispanic population distribution. D) Shows the non-Hispanic 
White population distribution.  

A B 

C D 
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population in Dallas County under 5 years of age makes up 7.3% of the total population, while 

people who are 65 and older make 11.1% of the total population in the county (Census, 2021). 

Figure 3A shows the population under 5 is spread all over the county while figure 3B shows the 

population 65 and older is mostly located in the north of the county. The median household 

income in Dallas County is $59,607, which is lower than the median household income for the 

State of Texas ($61,874) (Census, 2021). Figure 4A shows the area with the highest median 

household income and is in the northern part of the county, north of the city of Dallas. The 

households with the highest incomes are mainly in the census tracts where the non-Hispanic 

White population is greater than 60%. The population that lives in poverty within the county 

Figure 3: The images show the population distribution of people under 5 years of age and people 65 
and older. The data came from the Census Bureau American Community Survey (ACS) 5-yerar 
estimate. The data was normalized by dividing the number of people by the total population for each 
census tract. A) Shows the distribution of the population under 5 years of age. B) Shows the 
distribution of the population that is 65 and Older 

A B 
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makes up 14% of the county’s total population, which is higher than the poverty rate for the State 

of Texas (13.6%) (Census, 2021). Figures 4B, 4C, and 4D show the distribution of the 

Figure 4: The image above shows the socioeconomic characteristics for Dallas County. The data came 
from the Census Bureau American Community Survey (ACS) 2019 5-year estimate. A) show the 
median household income for Dallas County. Images B, C, and D show the different poverty levels in 
Dallas County. The data in B, C, and D was normalized by dividing the number of people living in 
poverty by the total population in each census tract. B) shows the percentage of people living below 
125% of the federal poverty line. C) Shows the percentage of people living below 200% of the federal 
poverty line. D) Shows the percentage of people living below 400% of the poverty line. 

A B 

C D 
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population living in poverty and how much below poverty they live. Most of the population 

living in poverty live in the southern part of the county. While census tracts with the lowest 

poverty rate are located north. 

Based on the data from the 2019 Multi-Resolution Land Characteristics Consortium 

(MRLC) National Landcover Database (NLCD), Dallas County is 66.56% developed, with 

31.55% of the land in the county being impervious surface (MRLC, 2019). Figure 5 shows the 

land cover for Dallas County and shows most of the d within the county is located to the north 

and west. The highest concentration of the impervious surface is in the middle of the county 

where the city of Dallas is located. The southeastern part of the county is mostly rural area. The 

Figure 5: The image shows the land cover for Dallas County. The image came from the 2019 NLCD 
from MRLC. The image shows that most of the land in Dallas County is coved by development. 
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forest area in Dallas County makes up 9.14% of the total area in the county, and the highest 

concentration is found in the southwest part of the county (MRLC, 2019).  

The city of Dallas was redlined during the 1930s to determine which parts of the city 

would be “best” for federally backed loans based on location and demographic makeup. Figure 6 

shows the areas the HOLC graded in the city of Dallas. The areas the HOLC found to be the 

“best” (A) currently have mostly white people and have a higher median household income than 

$150,000.00. In comparison, areas classified as “hazardous” (D) have a higher minority 

population and have a household income lower than $100,000.00.  

Data 

The analysis of the data was done using Esri ArcGIS Pro 2.8. Most of the data have 

different coordinate systems and will need to be transformed into a single coordinate system for 

the analysis. All datasets need to have the same coordinate system to overlay all the datasets on 

Figure 6: The image shows the areas the HOLC graded based on income and demographics for federal backed 
loans. Areas that the HOLC found to “Best” are in green, while areas that found to be “Hazardous” are in red. 
The data came from Nelson et al. “Mapping Inequality”. 
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top of each other to extract the data for Dallas County. Also, the datasets need to have the same 

coordinate system to find the amount of area certain factors occupy in each census tract as a 

percentage of the total area within each census tract.  

Vector Data 

The vector data used in the analysis consisted of 3 datasets. The first dataset came from the U.S. 

Census Bureau and contained the census tracts boundaries for the state of Texas. This dataset is 

used to analyze all the data at the census tract level. The second dataset came from the Dallas 

Central Appraisal District and had the boundaries for Dallas County and surrounding counties. 

Table 1: Metadata for Texas’s census tracts 
Official Name of data set Tl_2019_48_tract 
Year of Publication and or last update 2019 
Author and/or Owner U.S. Census Bureau 
URL or FTP address of Repository https://www.census.gov/cgi-

bin/geo/shapefiles/index.php 
Description The dataset contains all the census tracts for the 

State of Texas. 
Coordinate System NAD 1983 
ESPSG Code 4269 
Geometry Polygon 

Figure 7: The image shows the census tracts for the State of Texas. The data came from the U.S. 
Census Bureau. 
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The third vector data came from Nelson et al. Mapping Inequality and included the areas graded 

by the HOLC in Dallas, TX. This vector file was used to determine the amount of area within 

each census tract graded by the HOLC as a percentage of the total area in each census tract. 

Table 2: Metadata for CountyBoundary 

Official Name of data set CountyBoundary 
Year of Publication and or last update 2021 
Author and/or Owner Dallas Central Appraisal District 
URL or FTP address of Repository https://www.dallascad.org/GISDataProducts.aspx 
Description Shows the geographic extent of Dallas County and 

surrounding counties. 
Coordinate System NAD 1983 StatePlane Texas N Central FIPS 4202 

(US Feet) 
Projection System Lambert Conformal Conic 
ESPSG Code 2276 
Geometry Polygon 

Figure 8: The map shows the extent of Dallas County and the boundaries of the neighboring 
counties. 
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Official Name of data set cartodb-query 
Year of Publication and or last 
update 

2016 

Author and/or Owner Nelson, R. K. et al. 
URL or FTP address of 
Repository 

https://dsl.richmond.edu/panorama/redlining/#loc=11/32.784/-
96.947&city=dallas-tx 

Description Shows the different neighborhoods that the HOLC has graded 
for determining the suitability for federally backed loans in 
Dallas, TX. 

Coordinate System WGS 1984 
ESPSG Code 4326 
Geometry Polygon 

 

Table 3: Metadata for HOLC classification for Dallas, TX 

Figure 9: The map shows the grades the HOLC gave to different neighborhoods in the city of 
Dallas to determine the suitability of issuing federal backed loans to the people in these 
neighborhoods. 
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Raster Data 

The study used 2 raster datasets from the USGS and another from the MRLC to 

determine the UHI distribution. The raster from the USGS was a dataset from the Landsat 8 

satellite captured on August 21, 2021. The data contained datasets for each band on the Landsat 

8 satellite. The analysis used Bands 4, 5, and 10 to calculate the UHI temperature in Dallas 

County. The data from the MRLC was the 2019 NLCD raster and was used to determine the 

amount of area occupied by impervious surface or canopy in each census tract as a percentage of 

area. 

Table 4: Metadata NLCD 
Official Name of data set nlcd_2019_land_cover_l48_20210604 
Year of Publication and or last 
update 

2019 

Author and/or Owner MRLC 
URL or FTP address of 
Repository 

https://www.mrlc.gov/data?f%5B0%5D=category%3Aland%20cover&f%5 
B1%5D=region%3Aconus 

Description The data shows the land cover for the lower 48 contiguous United States.  
Coordinate System WGS 1984 
Projection System Albers Conical Equal Area 
ESPSG Code 4326 
Spatial Resolution 30 meters by 30 meters 

Figure 10: The map shows the 2019 NLCD from MRLC. The image shows the different land cover 
for the lower 48 states. 
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 Table 5: Metadata for the Landsat 8 dataset collected on 8/21/21. 

Official Name of data 
set 

LC08_L1TP_027037_20210821_20210827_02_T1 

Year of Publication and 
or last update 

2021 

Author and/or Owner USGS 
URL or FTP address of 
Repository 

https://earthexplorer.usgs.gov/ 

Description The dataset is the data collected from Landsat 8 satellite on 8/21/21. 
Projected Coordinate 
System 

WGS 1984 UTM Zone 14N 

Geographic Coordinate 
System 

WGS 1984 

ESPSG Code 4326 
Spatial Resolution 30 meters by 30 meters 

Figure 11: The map shows the data collected by the Landsat 8 satellite on 8/21/21. The image 
shows the composite image with the band combination 4, 3, 2 to create a natural color image. 
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Other Data 

The study used 6 CSV files that contained the socioeconomic and demographic 

information for each census tract in Dallas County. The CSV file came from the U.S. Census 

Bureau website https://data.census.gov/cedsci/. The 6 CSV files were for the data collected by 

the 2019 ACS 5-year estimate. The data that was downloaded were: total population (table 

B01003), race (table B02001), ethnicity (table B03002), age (table S0101), poverty (S1701), and 

household income (table S1902).  

Methods 

The analysis of the data was done using tools contained in ArcGIS Pro 2.8. Figure 12 

shows the different tools and steps that were taken in this study to produce the result. The 

Figure 12: The image shows the steps that were taken in this study to analyze the data to determine the distribution 
of the UHI across the demographics, socioeconomic, land use, and historical policies in Dallas County, TX. 
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diagram shows the final product was one layer containing all the data manipulations. This was 

done to be able to create the different maps showing the results of the analysis. 

  

County 

The vector layer “CountyBoundary” contains the boundaries for Dallas County and the 

neighboring counties.  Select by attribute was used only to select the border for Dallas County, 

and the export feature was used. The export feature was used to only save the boundary for 

Dallas County. 

 

CSV File 

For the 6 CSV files used in this analysis, each was edited to remove any unnecessary 

data. The CSV was edited manually in Microsoft Excel. Each file contained a column name 

“GEO_ID”, the column was populated by “1400000US” followed by an 11-digit number that is 

the id number for each census tract. This column was edited to remove “1400000US” from the 

field to keep the id number for each census tract. This was done to create a join between the CSV 

file and the census tract vector file in ArcGIS Pro. In the table for race, the only data that was 

kept was the columns “GEO_ID” and the estimated total population for White alone, Black 

alone, Asian alone. For the table for ethnicity, the data that was only kept was the columns 

GEO_ID and estimated total Hispanic. For the table for age, five columns need to be added 

together to create a new column called “65 and older” to have only one column with the total 

number of people that are 65 and older. The five columns that were added together are “65 to 69 

years”, “70 to 74 years”, “75 to 79 years”, “80 to 84 years”, and “85 years and over”. This table 

was further edited only to keep the columns “GEO_ID”, “Under 5”, and “65 and older”. The 
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table for poverty was edited only to keep the columns “GEO_ID”, the estimated total population 

for whom poverty status is determined, and the values for poverty ratios for 150%, 200%, and 

400%. For the table household income, the data that was only kept was the “GEO_ID”, and the 

“estimated mean income (dollars) all household income”. There was no data removed for the 

table containing the total population because it only contained three columns needed in this 

analysis. After each CSV file is edited, they were imported into ArcGIS Pro to join them to 

census tract vector file.  

 

Census Tract 

The vector file called “Tl_2019_48_tract”, which has the Dallas County census tract, has 

a different coordinate system from the Dallas County vector file, so the project tool in ArcGIS 

Pro was used to change the coordinate system. The project tool changed the coordinated system 

from NAD 1983 to NAD 1983 StatePlane Texas N Central FIPS 4202 (US Feet). The select-by 

attribute tool was used only to select the census tract for Dallas County. The tool was set to 

select the attributes where the “COUNTYFP” is equal to “113”. The “COUNTYFP” is the 

attribute field that stores each id given to each county in Texas by the Census Bureau, and the 

value “113” is the id number given to Dallas County. The selected features were then exported to 

create a separate census tract vector file named “Dallas_County_Cenus_Tract” that only contains 

census tracts for Dallas County. Finally, a join was created between the 

“Dallas_County_Cenus_Tract” and the 6 CSV files. This join created a layer that contained the 

boundaries of the census tracts in Dallas County with the data from the six imported CSV tables. 

The joining attribute was “GEO_ID” for the CSV tables and “GEOID” for the 

“Dallas_County_Cenus_Tract”.  
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NLCD 

The raster NLCD has a different coordinate system from the Dallas County vector file, 

which means the project raster tool will be used to change the coordinate system for NLCD. The 

coordinate system was changed from WGS 1984 to NAD 1983 StatePlane Texas N Central FIPS 

4202 (US Feet). The clip raster tool was used to only keep the land cover information for Dallas 

County. The tool was set to clip the NLCD raster by using the extent of the 

“Dallas_County_Cenus_Tract”.  

 

Impervious Surfaces 

The percentage of the area made up of impervious surfaces in each census tract was 

determined from the NLCD raster. The reclassify tool was used on the NLCD to reclassify the 

image to only keep the pixels that had a value of “22”, “23”, and “24”. The values of “22”, “23”, 

and “24” represented areas that are found to have low, medium, and high-intensity development, 

respectively. In the reclassify tool, the values of “22”, “23”, “24” were changed to a new value of 

“1” and all other values were changed to “NODATA”. This meant that the reclassify tool would 

only keep areas that NLCD had classified as having more than 20% impervious surface into a 

new raster called “Impervious_Surface” (MRLC, 2021). The tabulate area tool was used to 

create a table with the amount of area the impervious surface takes up in each census tract in sq. 

ft. The tabulate area tool was set to use the “Impervious_Surface” as the input raster and the 

“Dallas_County_Cenus_Tract” as the input feature class data with the zone field set to 

“GEOID”. The table created by the tabulate area tool was then joined to 

“Dallas_County_Cenus_Tract”. In the “Dallas_County_Cenus_Tract” layer, a new attribute 
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called “Percent_Impervious” was created to calculate the percentage of the area the impervious 

surface takes up in each census tract using the add field tool. The field “Percent_Impervious” had 

a data type of double. The values for “Percent_Impervious” were populated by using the 

calculate field tool. The equation used in the calculate field tool was: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝐼𝐼𝑃𝑃𝑃𝑃𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =  
𝐼𝐼𝐼𝐼𝐼𝐼𝑃𝑃𝑃𝑃𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑆𝑆𝐼𝐼𝑃𝑃𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃

𝑆𝑆ℎ𝑆𝑆𝐼𝐼𝑃𝑃  𝐴𝐴𝑃𝑃𝑃𝑃𝑆𝑆
× 100 

where “Percent_Impervious” is the percentage of the area the impervious surface takes up 

in each census tract. “Impervious_Surface” is the amount of area the impervious surface takes up 

in the census tract in sq. ft., and the “Shape_Area” is the total area for each census tract in sq. ft.  

 

Canopy Cover 

The percentage of canopy cover in each census tract was determined by using the NLCD 

raster.  The reclassify tool was used to keep areas the NLCD determined to have a land cover of 

deciduous forest or evergreen forest, values “41” and “42”, respectively. In the reclassify tool, 

pixels that had a value of “41” or “42” were given a new value of “1”, while all other values 

were changed to “NODATA”. This meant that the reclassify tool only kept areas dominated by 

deciduous or evergreen trees taller than 5 m and areas with a density greater than 20% of total 

vegetation cover (MRLC, 2021). This new layer created by the reclassify tool was called 

“Canopy_Cover”. The tabulate area tool was set to use the “Canopy_Cover” as the input raster 

and the “Dallas_County_Cenus_Tract” as the input feature class data with the zone field set to 

“GEOID”. The tabulate area tool was used to create a table with the area the canopy cover 

occupies in each census tract in sq. ft. The table created by the tabulate area tool was joined to 

“Dallas_County_Cenus_Tract” using the “GEO_ID”, and “GEOID” respectively as the joining 

attribute. A new field called “Percent_Canopy” was created in “Dallas_County_Cenus_Tract” 
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with the field type as double. The “Percent_Canopy” was populated using the calculate field tool. 

The formula used in the calculate field tool was: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑆𝑆𝑃𝑃𝐼𝐼𝐼𝐼𝐶𝐶=  
𝐶𝐶𝑆𝑆𝑃𝑃𝐼𝐼𝐼𝐼𝐶𝐶 𝐶𝐶𝐼𝐼𝐼𝐼𝑃𝑃𝑃𝑃
𝑆𝑆ℎ𝑆𝑆𝐼𝐼𝑃𝑃  𝐴𝐴𝑃𝑃𝑃𝑃𝑆𝑆

× 100 

where “Percent_Canopy” is the percentage of the area the canopy cover takes up in each 

census tract. “Canopy_Cover” is the amount of area the canopy cover takes up in the census tract 

in sq. ft., and the “Shape_Area” is the total area for each census tract in sq. ft.  

 

HOLC Classification 

The HOLC classification vector file had a different coordinate system from 

“Dallas_County_Cenus_Tract”. The project tool was used to change the coordinate system for 

“cartodb-query” from WGS 1984 to NAD 1983 StatePlane Texas N Central FIPS 4202 (US 

Feet). The select by attribute was used to select the polygons that were graded as “Best” (A) or 

“Still Desirable” (B) by the HOLC. This layer was then exported to create a new vector file that 

only contained areas that had been graded as A or B and was called “A_B_Cencus_Tract”. The 

tabulate area tool was used to create a table that contained the area in each census tract classified 

as A or B. The tool was set to use “A_B_Cencus_Tract” as the feature zone data with the 

“grade” as the zone field. The “Dallas_County_Cenus_Tract” was the input feature class data 

with the “GEOID” as the class field. In the table, a new field called “Area_A_B” was created to 

add the total area graded as A or B together for each census tract. The calculate field tool was 

used to populate “Area_A_B” with the formula: 

𝐴𝐴𝑃𝑃𝑃𝑃𝑆𝑆 𝐴𝐴𝐴𝐴 = 𝐴𝐴 +𝐴𝐴  

The table created by the tabulate area tool was joined to “Dallas_County_Cenus_Tract”. 

In the “Dallas_County_Cenus_Tract” layer, a new field called “Percent_AB_area” was created 
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to calculate the amount of area graded A or B as a percentage of the total area in each census 

tract. The calculate field tool was used to populate “Percent_AB_area” with the formula: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐴𝐴𝐴𝐴 𝑆𝑆𝑃𝑃𝑃𝑃𝑆𝑆 =  
𝐴𝐴𝑃𝑃𝑃𝑃𝑆𝑆 𝐴𝐴𝐴𝐴

𝑆𝑆ℎ𝑆𝑆𝐼𝐼𝑃𝑃 𝐴𝐴𝑃𝑃𝑃𝑃𝑆𝑆
× 100 

This whole process was repeated to find the percentage of area in each census tract that the 

HOLC graded as “Definitely Declining” (C) or “Hazardous” (D). At the end of the process, the 

“Dallas_County_Cenus_Tract” had a field called “Percent_CD_area”. The field 

“Percent_CD_area” contained the total area in each census tract graded as C or D as a percentage 

of the total area in each census tract. 

 

UHI 

The UHI was calculated using the data from the Landsat 8 satellite (Avdan et al., 2015). 

The bands used in this analysis were bands 4, 5, and 10. The bands 4, 5, and 10 correspond to the 

red, near-infrared, and thermal infrared bands. Bands 4 and 5 were used to calculate the 

Normalized Difference Vegetation Index (NDVI), while Band 10 was used to calculate the LST 

to determine the UHI distribution for the county. Therefore, band 10 would need to be converted 

from Top of Atmosphere (TOA) to Brightness Temperature (BT) to LST (Avdan et al., 2015). 

The conversion is done to correct the data for the atmosphere to show the true LST in the area. 

Before any analysis was done, the coordinate system for the 3 bands was changed to match the 

“Dallas_County_Cenus_Tract” vector file. The project raster tool changed the coordinate system 

from WGS 1984 UTM Zone 14N to  NAD 1983 StatePlane Texas N Central FIPS 4202 (US 

Feet). After the coordinate system had been changed for the Landsat 8 data, the data for the 

county was extracted using the clip raster tool with “Dallas_County_Cenus_Tract” as the output 
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extent. The NDVI was calculated using the raster calculator with the formula below (Avdan et 

al., 2015): 

𝑁𝑁𝑁𝑁𝑁𝑁𝐼𝐼 =
𝑁𝑁𝐼𝐼𝑁𝑁 −  𝑁𝑁𝑅𝑅𝑁𝑁
𝑁𝑁𝐼𝐼𝑁𝑁 +  𝑁𝑁𝑅𝑅𝑁𝑁

 

where: 

 NDVI = Normalized Difference Vegetation Index 
 NIR = Band 5 (near infrared band) 
 RED = Band 4 (red band) 
 
The conversion for band 10 was done using the raster calculator with the values from the 

metadata for Landsat 8 data to get the TOA. The formula used in the raster calculator to get the 

TOA was (Avdan et al., 2015): 

𝐿𝐿𝜆𝜆 = 𝑀𝑀𝐿𝐿𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐 + 𝐴𝐴𝐿𝐿  

where: 

 𝐿𝐿𝜆𝜆 = TOA (Watts/m2*srad*µm) 
 𝑀𝑀𝐿𝐿 = Band-specific Multiplicative 
 𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐 = Quantized and calibrated standard product pixel value 
 𝐴𝐴𝐿𝐿 = Band-specific additive rescaling factor 
 
The values of Qcal and AL came from the text file that contains the metadata for the 

Landsat 8 data, while ML is the band 10 raster. To get the BT from the TOA the raster calculator 

was used. The formula used in the raster calculator to get the BT is (Avdan et al., 2015): 

𝐴𝐴𝐵𝐵 = �
𝐾𝐾2

ln �𝐾𝐾1𝐿𝐿𝜆𝜆
+ 1�

� − 273 

where: 

 BT = Effective at-satellite temperature (°C) 
 K2 = Calibration constant 2 
 K1 = Calibration constant 1 
 𝐿𝐿𝜆𝜆 = TOA (Watts/m2*srad*µm) 
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The values of K1 and K2 came from the metadata text file, and Lλ is the raster from 

calculating the TOA. The BT is in degree Celsius. Once the BT has been calculated, the LST can 

be derived by using the raster calculator. Before the LST was calculated, the emissivity (ɛ) and 

vegetation proportion (Pv) will need to be calculated using the raster calculator to calculate the 

LST. The vegetation proportion was calculated using the raster calculator with the NDVI. The 

formula used in the raster calculator to find the vegetation proportion is (Avdan et al., 2015): 

𝑃𝑃𝑣𝑣 = ( 
𝑁𝑁𝑁𝑁𝑁𝑁𝐼𝐼− 𝑁𝑁𝑁𝑁𝑁𝑁𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚

𝑁𝑁𝑁𝑁𝑁𝑁𝐼𝐼𝑚𝑚𝑐𝑐𝑚𝑚 −𝑁𝑁𝑁𝑁𝑁𝑁𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚
)2 

where: 
 
 𝑃𝑃𝑣𝑣 = Vegetation Proportion 
 NDVI = Normalized Difference Vegetation Index 
 NDVImax = Normalized Difference Vegetation Index maximum value 
 NDVImin = Normalized Difference Vegetation Index minimum value 
 
The values for NDVImax and NDVImin came from the metadata for the NDVI raster. The 

vegetation proportion was used to calculate the emissivity. The emissivity was computed using 

the raster calculator and the formula below (Avdan et al., 2015): 

𝜀𝜀 = 0.004 ∗ 𝑃𝑃𝑣𝑣 + 0.986 
where: 

 𝜀𝜀 = emissivity 
 Pv = vegetation proportion 

The LST was calculated using the values from the metadata for Landsat 8 data and the 

BT and emissivity raster. The LST was computed using the raster calculator tool and the formula 

below (Avdan et al., 2015):   

𝐵𝐵 = 𝐴𝐴𝐵𝐵/(1 + �𝜆𝜆 ∗ �
𝐴𝐴𝐵𝐵
𝜌𝜌
�� ∗ ln (ε) 

where: 

 T = LST (°C) 
 λ = Central Band wavelength of emitted radiance 
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 BT = Brightness Temperature (°C) 
 ρ = 14380 
 ɛ = Emissivity 
 
The UHI was calculated from the LST using the raster calculator. The raster calculator 

used the LST raster and the statistic values for mean and standard deviation from the LST 

raster’s metadata. The formula used in the raster calculator to find the UHI is (Ahmed, 2018): 

𝑈𝑈𝑈𝑈𝐼𝐼 =
𝐿𝐿𝑆𝑆𝐵𝐵 − 𝐿𝐿𝑆𝑆𝐵𝐵𝑚𝑚𝑚𝑚𝑐𝑐𝑚𝑚

𝐿𝐿𝑆𝑆𝐵𝐵𝑠𝑠𝑠𝑠𝑠𝑠 .
 

where: 

 UHI = Urban Heat Island (°C) 
 LST = Land Surface Temperature (°C) 
 LSTmean = Land Surface Temperature mean value (°C) 
 LSTstd. = Land Surface Temperature standard deviation value (°C) 
 
The zonal statistic as a table tool was used to determine the mean UHI for each census 

tract in Dallas County. The tool was set to find the mean UHI for each census tract using the UHI 

raster as the input value raster and the “Dallas_County_Cenus_Tract” as the feature zone data. 

The “GEOID” was used as the zone field in the zonal statistic as a table tool. The table created 

by the zonal statistic as a table tool was joined to the “Dallas_County_Cenus_Tract” with the 

“GEOID” as the joining attribute.  

 

RESULTS AND DISCUSSION 

The maps below are the results of the analysis of the data using tools from ArcGIS Pro. 

The results are looking at the temperature distribution of the UHI against the factors the study 

was looking at. Figure 13 shows the UHI distribution within the Asian community. Most of the 

Asian population is in the northwest part of the county. The figure shows the census tract with a 

large Asian population has a slightly warmer UHI temperature. The census tract with the largest 
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Asian population has a UHI temperature below 0 °C. There are just a couple of census tracts that 

are seeing an influence on the LST by UHI. 

Figure 14 shows the distribution of the UHI within the Black communities. Most of the 

Black population is in the southern part of the county. The figure shows that most census tracts 

with a large Black population have an elevated LST due to the UHI. The image shows the 

difference in temperature between rural and urban areas. The rural areas are seeing no influence 

on the LST by the UHI, while urban areas are seeing an elevated UHI temperature. One of the 

census tracts with a large Black population experiencing the highest UHI temperature in the 

whole county. There are 15 census tracts in Dallas County with a racial makeup of 70% Black 

Figure 13: This map shows the distribution of the UHI in Dallas County, TX within the Asian. 
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and a mean UHI temperature below 0 °C. In contrast, 7 census tracts in Dallas County have a 

Black population greater than 70% and a mean UHI temperature above 1 °C. 

Figure 15 shows the UHI distribution within the Hispanic community. Most of the 

Hispanic population is in the western part of the county with some on the east. The image shows 

that most census tracts with a large Hispanic population in an urban area have elevated UHI 

temperature. In comparison, census tracts with a small Hispanic population are seeing a slightly 

lower UHI. There are certain rural areas with a large Hispanic population that have a low UHI 

temperature. The image shows 3 census tracts that have a large Hispanic population and high 

mean UHI temperature. There are 6 census tracts in Dallas County with a Hispanic population 

Figure 14: This map shows the distribution of the UHI within the Black population in Dallas 
County, TX.  
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greater than 70% and a UHI temperature above 1 °C. In contrast, there are 11 census tracts with a 

population of 70% Hispanic and a UHI temperature below 0 °C. 

Figure 16 shows the UHI distribution with the non-Hispanic White population. The area 

with the largest White population is in the north-central part of the county. The figure shows the 

census tracts that have a large non-Hispanic White population have a much lower UHI 

temperature. The census tracts in rural areas have a much lower UHI temperature than the urban 

areas. Some of the urban census tracts with a large White population have the same UHI 

temperatures as rural areas. The census tracts with a small White population have an elevated 

Figure 15: The map shows the distribution of the UHI in Dallas County, TX within the Hispanic population.  
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UHI temperature compared to census tracts with a majority White population. None of the 

census tracts in Dallas County with a population greater than 70% White have a mean UHI 

temperature greater than 1 °C. There are 20 census tracts in Dallas County with a population of 

70% White and a mean UHI temperature below 0 °C. 

Figure 17 shows the UHI distribution within the population under 5 years of age. The 

population under 5 years of age is scattered all over the county. The map shows the census tracts 

with a large population under the age of 5 are seeing a slightly elevated UHI temperature. 

Figure 16: The map shows the distribution of the UHI in Dallas County, TX within the 
White alone population.  
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Conversely, urban areas with a low population under 5 have a lower UHI temperature. In 

addition, the rural areas with a large population under 5 have a low UHI temperature. 

Figure 18 shows the distribution of the UHI within the population that is 65 and older. 

Most of the population that is 65 and older is in the northern part of the county. The map shows 

the census tracts with a large population that is 65 and older are seeing a slightly lower UHI 

temperature. The census tracts with a low population that are 65 and older have a higher UHI. 

The population under 5 years of age is seeing a higher UHI temperature than those who are 65 

years and older. 

Figure 17: The map shows the distribution of the UHI in Dallas, TX within the 
population that is under 5 years of age.  
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Figure 19 shows the UHI distribution within the median household income in Dallas 

County. Most of the households that have a large median income are in the northern part of the 

county while the household with a low median income are in the southern part of the county. The 

map shows the census tracts with a high median household income greater than $100,000 have a 

lower UHI temperature. While census tracts that have a median household income lower than 

$100,000 have much higher UHI. Some urban areas with a large median household income are 

seeing similar temperatures to those in rural areas where the median household income is less 

Figure 18: The map shows the distribution of the UHI in Dallas, TX within the 
population that is 65 and older.  
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than $100,000. The map shows that the urban areas with a high median household income do not 

see the UHI's effects. 

Figure 20 shows the UHI distribution within the population living below the federal 

poverty line by 125%. Most of the census tracts that have a large poverty rate are in the southern 

part of the county. While most of the census tracts that have a low poverty rate are located to the 

north. The map shows that the census tracts with a population made up of greater than 25% 

living below the 1.25x poverty line have a higher UHI temperature. At the same time, those 

Figure 19: The map shows the UHI distribution in Dallas County, TX regarding the 
median household income.  
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census tracts with a low number of people living below 1.25x poverty have much lower UHI 

temperatures. The census tracts in the rural areas with a large population living below 1.25x the 

poverty line have a lower UHI temperature. 

Figure 21 shows the distribution of the UHI within the population living 200% below the 

federal poverty line. Most of the population living 2x the poverty rate is to the south, while the 

areas with a low poverty rate are in the north. The map shows those census tracts in urban areas 

with many people living 2x below the poverty line have a warmer UHI than areas with a low 

number of people living in poverty. Conversely, some census tracts in rural areas have a many 

people living 2x the poverty line with a lower UHI temperature.  

 

Figure 20: The map shows the UHI distribution in Dallas County, TX regarding poverty. The map 
shows those households that live 1.25x below the federal poverty line against the UHI distribution.  
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Figure 22 shows the distribution of the UHI regarding the population within Dallas 

County that lives 4x below the federal poverty line. The census tracts with the largest population 

living 4x the poverty rate is located in the southern and eastern parts of the county. The map 

shows that the census tracts with many people living 400% below the poverty line area have the 

highest UHI temperature in the county. In comparison, areas that have a low number of people 

living in poverty have lower UHI temperatures. The rural areas with many people living below 

400% of the poverty line have the lowest UHI temperature within the county. As the level of 

poverty increases within the urban areas in Dallas County, the more likely the population will see 

an elevated UHI.  

Figure 21: The map shows the UHI distribution in Dallas County, TX regarding poverty. The map 
shows those households that live 2x below the federal poverty line against the UHI distribution.  
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Figure 23 shows the UHI distribution regarding the canopy cover within Dallas County. 

The map shows the census tracts that have a large amount of their area covered by forest/canopy 

cover are located to the southwest area of the county. Census tracts that have a large percentage 

of their area covered by forest are seeing a lower LST than those census tracts that have a little 

forest. The map shows most of the census tracts in Dallas County have less than 12% of their 

area covered by a canopy. Also, the map shows how the canopy cover can influence the intensity 

of the UHI. With areas that have a large canopy cover seeing the lowest UHI temperatures.  

Figure 22: The map shows the UHI distribution in Dallas County, TX regarding to poverty. The 
map shows those households that live 4x below the federal poverty line against the UHI 
distribution.  
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Figure 24 shows the UHI distribution regarding the amount of area covered by 

impervious surfaces within each census tract. Most of the imperious surface is located to the 

north and western part of the county. The map shows the census tracts that have a large amount 

of area covered by impervious surfaces are seeing an elevated UHI temperature. In contrast, 

areas with a low amount of impervious surface have a lower UHI temperature. In addition, the 

image shows the difference between the urban and rural areas regarding the UHI and impervious 

surface. Since rural areas have a low percentage of impervious surfaces, they see a much lower 

Figure 23: The map shows the UHI distribution for Dallas County, TX regarding the canopy cover 
within each census tracts.  
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mean UHI than urban areas. This means that the level of impervious surface determines how 

intense the UHI temperature will be in certain areas.  

Figure 25 shows the UHI distribution for each census tract that contains a neighborhood 

graded by the HOLC as either “Best” (A) or “Still Desirable” (B). Most of the areas graded by 

the HOLC as A or B are in the center of the county. Census tracts containing areas classified by 

the HOLC as A or B have a lower UHI temperature than the census tracts that don’t have 

neighborhoods classified as A or B. 

 

Figure 24: The map shows the UHI distribution for Dallas County, TX regarding the percent 
impervious surfaces within each census tract.  
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Figure 26 shows the UHI distribution within the census tracts that contain neighborhoods 

classified by the HOLC as either “Definitely Declining” (C) or “Hazardous” (D). The census 

tracts with a large amount of area classified as C or D have a higher UHI temperature. The map 

shows that most of the area graded C or D by the HOLC is located center of the county. 

Conversely, the census tracts containing a smaller area classified as C or D have a lower UHI 

temperature. Figures 25 and 26 show how the classification created by the HOLC has affected 

the distribution of the mean UHI within the county. Those neighborhoods classified by the 

HOLC as “Best”, or “Still Desirable” have the lowest mean UHI than the rest of the 

neighborhoods classified by the HOLC. At the same time, neighborhoods the HOLC classified as 

Figure 25: The map shows the distribution of the UHI within the census tracts that have a 
neighborhood that have been graded “A” or “B” by HOLC. The map show the amount of area 
that has been classified A or B as a percentage of the total area occupied in each cenus tracts.  
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“Definitely Declining” or “Hazardous” have the highest mean UHI temperature than the rest of 

the neighborhoods classified by the HOLC. 

When comparing figures 13 thru 24, a pattern emerges in the distribution of the UHI 

within Dallas County. Most of the elevated UHI temperature are found to the west of the county 

in the more urbanized areas, while in the east the lowest UHI temperature are found in the rural 

areas. Also, census tracts with a predominantly White population have a median household 

income greater than $100,000, a low poverty rate, a low amount of impervious surface, and a 

large amount of area classified as “A” or “B” are seeing a lower LST. This means that these 

Figure 26: The map shows the distribution of the UHI within the census tracts that have 
neighborhoods that have been graded “C” or “D” by the HOLC. The map show the amount of area 
that has been classified C or D as a percentage of total area occupied in each cenus tracts. 
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areas experience a low or no amplification on the LST by the UHI. Figure 27 shows an urban 

area within the county that has the lowest mean UHI temperature in green. The area within figure 

27 is made up of a large White population, with the highest median household income in the 

county and a low poverty rate. Also, this area has a low percentage of impervious surfaces and 

Figure 27: This image is zoomed into an urban area that is seeing a relatively low mean UHI 
compared to other urban areas within the county. This area is in green has large white population, 
a high household income, a low poverty rate, low impervious surfaces, and a high amount of area 
graded A or B by the HOLC. The yellow is highlighting the census tract with the lowest UHI 
temperature in an urban area, a -0.64 °C UHI temperature. 
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has neighborhoods ranked by the HOLC as A or B. The area also has a large amount of people 

that are 65 and older. Looking at figure 27, one can see that this area is surrounded by census 

tracts that are seeing a relatively higher mean UHI temperature. Within figure 27, there is a 

yellow outlined census tract that has the lowest mean UHI temperature in an urban area which is 

-0.64 °C. This census tract consists of a predominantly White population (81%), a high median 

household income ($503,798), has a low poverty rate (11%), made up of 43% impervious 

surface, with a 3% canopy cover, and 48% of the area ranked by the HOLC as A or B. Also, 28% 

of the population in this census tract is 65 or older, while 2% is under 5.  

While census tracts that are predominantly Black or Hispanic population have a lower 

median household income and high poverty rate and have a large amount of land covered by 

impervious surfaces and low canopy cover are seeing a high UHI temperature. Also, some 

census tracts have a large area graded by the HOLC as either C or D.  Figure 28 shows 7 census 

tracts that have a Black population greater than 70% and have a UHI temperature greater than 1 

°C. These census tracts have a large amount of impervious surfaces, a low median household 

income, a large percentage of people living below poverty, and have areas ranked by the HOLC 

as C or D. One of the census tracts highlighted in yellow in figure 28 is seeing the highest mean 

UHI temperature in the whole county. This census tract is seeing a UHI temperature of 1.64 °C. 

The census tract in yellow has a predominantly Black population (86.7%) with a median 

household income of $29,506, has all its residents living in poverty, and 93% impervious surface 

with 0% canopy cover.  
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Figure 29 shows that census tracts in Dallas County with a large Hispanic population and 

a high UHI temperature inside the green circles. These census tracts have a large amount of 

impervious surface, a low amount of canopy cover. Also, they have a low median household 

income and high poverty rate and contain areas graded by the HOLC as either C or D. Within 

Figure 28: The image shows census tracts that are predominantly Black and are seeing a 1 degree increase in 
the LST by the UHI. These census tracts are in green. The census tract that is seeing the highest increase in 
the LST by the UHI is in yellow. This census tract is seeing a UHI temperature of 1.64 °C. 
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figure 29, there is a census tract that has the second highest UHI temperature in Dallas County. 

This census tract is highlighted in yellow and has a mean UHI temperature of 1.45 °C. This 

census tract has a large Hispanic population (81.6%), has a median household income of 

Figure 29: The image shows the areas in Dallas County that have a large Hispanic population and are seeing an 
influence on the LST by the UHI. These areas are in the green circle. The census tract that is seeing the second 
highest mean UHI temperature within Dallas County is in yellow. 
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$59,675, and a poverty rate of 89.2%. The census tract is made up of 100% impervious surface 

with 0% canopy cover and has 82% of the area graded C or D by the HOLC.  

 

CONCLUSION 

Climate change and urbanization have altered the LST in urban areas. These areas are 

seeing an increase in the LST thru the amplification of the UHI. This amplification can cause an 

uneven distribution of the UHI in urban areas which might put in danger certain segments of the 

population. This uneven distribution can be caused by certain demographic, socioeconomic, land 

use, and historical practices. This study sought to see how the UHI temperature is being 

distributed across different demographics, socioeconomic, land use, and historical 

practices/policies in Dallas County, TX. The assessment was done at the census tract level. One 

of the demographic factors the study looked at is how is the UHI is being distributed within 

racial groups. The racial groups used in this study are the Asian, Black, Hispanic, and non-

Hispanic Whites. The other demographic information that was looked at was how the UHI is 

being distributed within different age groups. The study looked at the segment of the population 

that is under 5 years of age and those 65 and older to see how the UHI distribution varies in these 

groups. Also, the socioeconomic factors that were part of this study were used to see if they 

contributed to an uneven distribution of the UHI temperature in the county. The socioeconomic 

factors used in this study are median household income and the different poverty rates. UHI 

distribution was also compared to the amount of impervious surface, and canopy cover within 

each census tract to determine how uneven the UHI distribution was. Finally, the study looked at 

how historical practice such as redlining has affected the distribution of the UHI in Dallas 

County. 
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Through the analysis, the study found an uneven distribution of the UHI within Dallas 

County. Areas with a low UHI temperature visually have a predominately White population, 

with median household income above $100,000, a low poverty rate, a low percentage of the area 

covered by impervious surface, and areas graded by the HOLC as either A or B. This means that 

census tracts with these characteristics are not seeing an amplification on the LST by the built 

environment. While census tracts that have a visually large Black or Hispanic population, with a 

low median household income, a high poverty rate, a low percentage of the area covered by 

impervious surface, and large areas graded by the HOLC as either C or D have a higher UHI 

temperature. Meaning that any of the census tracts that have these characteristics might be seeing 

an amplification on the LST by the UHI.  

Organizations or government officials can use this study to determine areas within Dallas 

County that might need help to mitigate the effects of an increasing LST due to the built 

environment. Future studies should create a regression analysis to determine what is being seen 

visually in this study is statistically correlated with the UHI. The regression analysis would be 

able to determine the relationship between the factors the study looked at and the UHI. This 

study can be taken further by looking at other factors such as the level of education, the number 

of people that are either renting or own a home, how much area in the census tract is devoted to 

green space, and if they drive to work to see how the UHI distribution is affected. Also, others 

can take this study further by creating a UHI index to determine which parts of the population 

within the county would be most vulnerable during a heatwave to quickly deploy resources to 

areas in need.  
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