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urban heat islands and types of land coverage in relation to vulnerable population. The city of Richmond, Virgania was selected as a study area using the Block Group census as a geographical unit of dwarf. Regressive discourse was performed to examine the impacts of land coverage types at environmental temperatures, while correlation -related
handling was used to evaluate the relationship between ambient temperature and population Vulnerable. Last, multivariate clusters were performed to identify vulnerable to urban heat in the city. The findings suggest that: (1) impermeable superfonies lead to higher temperatures of the environment, while the coverage of the grinders has a cooling
effect on urban heat; (2) vulnerable population, except for the elderly, tend to live in higher temperatures of the environment; and (3) vulnerable populations are spatially grouped in specific places of the city. This study concludes with recommendations of mitigation measures to reduce the adverse effect of urban heat islands, applying high
consumption materials to urban superfanies and expanding the coverage of the grinders and green space. The concept of the urban heat island (uhi), which urban areas are warmer than their rural surrounding areas, and their effects were observed and first discussed by Luke Howard in the nineteenth -grade [ 1] (pp. 6-9). Since entering, research on
phenomenon is expanded to include temperature variations within a city [2,3,4,5,6,7]. Some human and natural factors contribute to the temperature variations that form urban heat. For example, UHI -inducing factors include reduced natural landscapes due to urbanization [4.8], urban material absorption [9,10], dimensions and and Urban
structures [11], heat generated from human activities [12], geographical location and topography. With regard to the constructed environment, previous studies have found that the waterproofing superfancies are intensifying a great deal of room temperature [13], while the coverage of the canopy can be reduced significantly [14 , 15]. The effect of
urban heat island is commonly associated with negative impacts regarding energy consumption, air quality, water quality and human health [16]. Warmer environmental temperatures increase the demand for air conditioning during the hot months of venue, which leads to increased demand for electricity [17]. When electricity is produced by
fanfellowable fan plants, air quality is affected due to increased air pollutants and greenhouse gas emissions [16]. The quality of the water is also affected, due to the heated flow discharge caused by high pavement temperatures and construction surfaces [18], which negatively affects the expertise of aquatic ecosystems [16 ] The uhi effect on human
health arises due to the increased risk of developing heat related to heat or even death resulting from high temperatures [19]. The US Environmental Protection Agency (EPA) lists the following population groups as having a higher risk of impact on heat related to the elderly (over 65 years); Outdoor workers; people with existing tips; children, babies
and grain women; Athletes; people who live alone; without ceiling people; and people with limited personal resources to deal with extreme heat [20]. Many scholars have found that the risk of developing disease -related diseases or deaths from vulnerable populations, including those in poverty and color people, who are less resources to mitigate heat
and limited capacities. to adapt to sodaicossa sodaicossa res a mednet serovrjA ed arutreboc ed axiab siam of£A§Aroporp amu moc seragul euq acidni arutaretil a ,edrev o§Aapse e serovrjA moc sairf siam sanabru saerjA saN .]152,42,32,22,12[ sarutarepmet a a higher proportion of minority population, low-income residents, and renters [26,27,28]. It is
important to note that UHI mitigation measures should specifically target those areas with higher temperatures and a higher proportion of vulnerable populations who are more susceptible to heat exposure [29].There are generally two approaches to assess UHI, using: (1) satellite remote sensing data to derive surface temperatures [30,31,32,33], and
(2) ground-based measurements of in situ temperatures [34,35,36]. However, each approach has its strengths and weaknesses. While satellite remote sensing data are more readily available and provide comprehensive spatial coverage, they generally suffer from relatively lower resolution compared to ground-based measurements [32,37]. On the
other hand, ground-based measurements can deliver finer temperature measurements, but additional efforts are required to estimate temperatures for unmeasured locations in a given study area. To take advantage of the strengths of both approaches, this study utilized a city-wide dataset derived by integrating ground-based in situ temperature
measurements and Sentinel-2 land use/land cover (LULC) data [37]. This dataset is further discussed in Section 2.1.Following the trends in the UHI literature, this study assesses urban heat islands and land cover types in relation to vulnerable populations in the city of Richmond, Virginia. This study aims to:Investigate the impacts of land cover types
on ambient temperatures;Examine the relationship between ambient temperatures and vulnerable populations;Identify specific locations with high ambient temperatures and high percentages of vulnerable populations;Recommend mitigation measures to reduce the adverse effect of urban heat islands.While there is an extensive body of literature on
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Network (VGIN) and the 2017 American Community Inquiry (ACS) 5 -year estimates of vulnerable population. All the transactions of data described in the following sections. Richmond's ambient temperature data set was provided by Dr. Jeremy Hoffman of the Virgania Science Museum. The Doctor. Hoffman and Dr. Eugene Maurakis, scientists at the
Virgania Science Museum, and Dr. Vivek Shandas, professor of urban studies and planning at Portland State University, collaborated with members of the Richmond community, universities and non -profit to collect temperature data throughout the city 6:00 in the morning £, 3:00 p.m. , and 7:00 p.m. on July 13, 2017 [42]. Temperature measurements
were collected at a second interval through vehicle crosses throughout the city, using temperature sensors mounted on GPS venacles and devices. All temperature and location data were more integrated with Satan Sentinel-2 data to predict environmental temperatures throughout the city. According to Shandas et al., The integration of in situ
temperature media based on the soil and the data of land use / Sentinel-2 (LULC) was made by the construct. Of a predictive model based on the relationship between values observed at situ temperature and its associated LULC attributes [37]. Where the temperatures were in place were not measured could be foreseen based on their LULC
attributes. This model produced a set of ambient temperature data throughout the city, which was provided by Dr. Jeremy Hoffman to support this study. The resulting ambient temperature data set contain three layers of resolution rash of 10 m from 6:00 a.m., 3:00 p.m., and 7:00 p.m. This study used the version of 3:00 p.m. (Figure 2a) because they
contain the highest temperatures, which represented the urban heat islands Given that the set of ambient temperature data is in raster format, the block group level temperatures need to be aggregated from the temperature values stored in the raster grid cells. raster."S zoneal statistics as the table tool can summarize the values of a scan within the
zones of another dataset and report the results as a table [43]. Specifically, the following parameters of ArcGIS Pro were used to calculate the average ambient temperatures at the block group level: input zone data: Richmond Block Group Layer; zone field: ID of block group (i.e. block group identification numbers); inlet raster: city -Ambient
temperature raster path throughout the environment (15:00); Using the Arcgis Pro "Surface statistics as a table tool, the environmental temperatures associated with the raster grid cells within a certain group of blocks were aggregated to calculate the average temperature environment of this group of blocks (Figure 2B). The block group means the
ambient temperature, indicated as Ambient Temp in this study, serves as the proxy variable of the UHI, as well as the dependent variable in the next regression analysis (Section 3.1), which examines the impacts of the types of soil coverage at environmental temperatures. The Virginia Geographic Information Network (VGIN) and its partners
coordinated the development of a land coverage data set across the state [38] that leverages the Virginia Base Mapping Program (VBMP) digital spelling to create a one-metre resolution digital coverage rating across the state. This dataset contains a total of 219 maps and was available to the public in 2016 [44]. Specifically, Richmond is partially
covered by the maps S13 76, S13 77 and S13_87. The above mentioned map tiles were downloaded and stuck with the limits of the city of Richmond using the "Clipe" of the Arcgis Pro "tool" clip "[45]. This was done using the following parameters of "click" tools: Input resources: map Tiles S13 76, S13 77 and S13 87 atiefrep atiefrep ertserret
arutreboc ed sodad ed otnujnoc mu rizudorp arap sotnuj sodaxena marof sodatroc apam ed sohlirdal so ,]64[ atnemarref ad "dneppA" S ¢a —a orP sigcrA on adartne ed sodad ed sotnujnoc EMELCEF PILC ;)zev adac ed mu sodatroc marof Richmond with the following types of earth cover: water characteristic, waterproof surface, sterile earth, tree
cover and grass grass (Figure 3). Similar to the ambient temperature, the earth cover data at the Block Group level need to be compiled from the earth cover layer. The "Tabulated Intersection" tool of the ArcGIS Pro can compute the intersection between two classes of characteristics and cross-tabular the area, length or count of the intersection
characteristics [47]. Specifically, the following ArcGIS parameters Pro were used to derive the area measurement of each type of earth cover at the Block Group level: Features of the input zone: Richmond Block layer;Zone field: Block Group ID (i.e. block group identification numbers); input class characteristics: ground coverage data set; Clasp field:
Land cover ID (i.e. identification numbers of land cover types). Using ArcGIS The Pro “Tabulado Intersection” tool, the earth cover layer was intersected with the Richmond Block Groups to derive the areas of land cover types within the Block Groups. Based on land coverage measures, the percentages of land cover types within a group of blocks were
calculated and described below. Water pct: percentage of block group area covered by water resources; Impervious_pct: block group area percentage covered by impermeable surfaces;Barren pct: block group area percentage covered by sterile earth;Tree pct: block group area percentage covered by lawn. These percentages of land cover types
serve as independent variables in the next regression analysis (Section 3.1) of the impacts of land cover types at environmental temperatures. Thedata on vulnerable populations were obtained from the 2017 American Community Survey (ACS) 5-year estimates at Block Group level. In particular, five vulnerable populations are investigated in this
study. They are described below along with their associated ACS data associated withPercentage of older adults aged 65 years or older (data source: ACS Table B01001); Non-White PCT: Percentage of non-white population (i.e. minority) (data source: ACS Table B02001); below poverty pct: Percentage of the population with income below poverty
Level (Data Source: ACS Table B17021); Dispability PCT: Percentage of population 20 - 64 years with a deficiency (data source: ACS Table B23024); NO INSurance PCT: Percentage of the population without health insurance coverage (data source: ACS Table B27010) . The above ACS tables were downloaded from the US Census Bureau website,
united to the Richmond block group layer and viewed in the Arcgis Pro. Space distributions of vulnerable populations are presented in Figure 4. The average ambient temperature at the block group level (Figure 4A) is shown again to provide a visual reference compared to the spatial patterns of vulnerable populations. A regression model was built to
examine the impacts of the types of soil coverage at environmental temperatures. It sheds light in the direction and strength of the influence of each type of earth cover at the environmental temperatures. This provides information on mitigation of UHI effects by altering land cover types or modifying their thermal properties. The regression analysis
was performed using SPSS, where the ambient temperature is the dependent variable and the earth cover types are the independent variables. This regression model is presented in Equation 1 and further discussed in section 3.1. The relationship between environmental temperature and vulnerable populations, correlation analysis can help to
examine how vulnerable populations are exposed to urban heat. The correlation analysis was also performed using SPSS. The results of the correlation analysis are presented and discussed in section 3.2. In addition to regression and edno edno adazimito o£A§Aulos amu recenrof edop euq ,"odairavitlum ed retsulc ed retsulc" ed atnemarref a ,SSPS on
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influence of variables, independent of the dependent variance based on pattern deviation. Variables a € <Independent with positive beta values positive impacts on the dependent variance, while negative beta values indicate negative impacts. Absolute beta values can be used to evaluate the forces of the impacts of variables & € ught independent.
Regarding the impacts of soil coverage types on environmental temperatures, beta values indicate that the immediate superior has the strongest impact (beta = 0.786), followed by the lawn grass (beta = 0.415), COVERAGE (BETA = ¢ 1 '0.201), Earth (beta = 0.180) and characteristic of water (beta = ¢' 0.016). It is worth noting that the superior
immediately, the grass of grass and the land is the positive beta values in the regressive model, indicating that all contribute to the increase of environmental temperatures. Respectively, the coverage of the leisure and the characteristic of the negative beta values and the effects of cooling on environmental temperatures. Finally, the value was a
statistical used to evaluate the statistical significance of the impact of a certain independent variable in the dependent variance. Among the variables, the independent of the independent. unequal distribution in the city. A correlation -related manner was performed to investigate the relationships between room temperature and vulnerable population,
and the resulting correction coefficients are presented in Table 2. The population. Vulnerable that has a negative relationship with ambient temperature are the elderly (r = '0.3131), indicating that they are less susceptible to urban heat. On the other hand, the other vulnerable populations roiam roiam moc socolb ,socifAcepse sopurg mE .onabru
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Richmond, Virginia. Figure 1. Area of study and its location - the city of Richmond, Virginia. Figure 2. (a) Ambient temperatures of Richmond, Virginia. (Data source: soil temperature measurements were collected through vehicular crossings at 3:00 p.m. on July 13, 2017 and integrated with the Sentinel-2 satellite data to predict environmental
temperatures throughout the city [37]; (b) average ambient temperature at the Block Group level. Figure 2. (a) Ambient temperatures of Richmond, Virginia. (Data source: soil temperature measurements were collected through vehicular crossings at 3:00 p.m. on July 13, 2017 and integrated with satellite data Sentinel-2 to predict environmental
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Figure 3. Types of Richmond land cover, Virginia. (Data source: Land coverage data were downloaded using the Land Cover DataSet Download application developed by Virginia Geographic Information Network (VGIN) [44]). Figure 4. City of Richmond ambient temperature and populations vulnerable to the group of the block group: (a) ambient
temperature Ma © day; (b) percentage of elderly 65 years and older; (c) percentage of population not white; (d) percentage of population with income below the level of poverty; (e) percentage of population of 20 to 64 years with disabilities; (f) percentage of population without safe insurance coverage. Figure 4. City of Richmond ambient temperature
and populations vulnerable to the group of the block group: (a) ambient temperature Ma © day; (b) percentage of elderly 65 years and older; (c) percentage of population not white; (d) percentage of population with income below the level of poverty; (e) percentage of population of 20 to 64 years with disabilities; (f) percentage of population without
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