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Abstract: The Surface Urban Heat Island (UHI) is caused by the difference in temperature between 

the urban and its surrounding areas. However, in the scientific literature, there is no solid meth-

odology defining urban and non-urban areas, which is essential to estimate the SUHI with greater 

accuracy. This study uses the official national urban areas limit, to obtain the SUHI more accurately 

on the nine northeastern Brazilian capitals. The land surface temperature was obtained using the 

Sentinel 3 satellite data for the years 2019 and 2020. Afterward, the maximum and average SUHI, 

and the complementary indexes were calculated, such as the Urban Thermal Field Variation Index 

(UTFVI) and the Thermal Discomfort Index (TDI) for the urban areas and their surrounding areas. 

The Maximum and Average SUHI, obtained values between 1.85 and 8.25 and -4.92 and 2.59 de-

gree difference, respectively, proving the SUHI existence in the study areas. The UTFVI, with val-

ues between 0.010 and 0.040, expresses how bad the eco-environmental spaces of urban are. The 

TDI, with values between 24.61 and 28.89 ºC, expresses the population’s thermal comfort. There-

fore, this study provides a better understanding of the surface UHI pioneeringly for the Brazilian 

Northeast Region. 

Keywords: Surface Urban heat island. Northeastern region. Sentinel 3. Eco-environmental spaces. 

Thermal comfort. 

 

1. Introduction 

Solar radiation keeps planet Earth warm, essential for maintaining life as we know 

it. It assists in evaporation, transpiration, and photosynthesis, which are natural and in-

dispensable for this warming. As a result, radiation is considered the main meteorologi-

cal element. Its study for remote sensing extends to energy balance effects, the green-

house effect, global climate change, and urban heat islands (UHI). This last one is one of 

the most studied urban climate effects [1-3]. 

While the greenhouse effect of warming occurs naturally, it has increased lately [4]. 

Otherwise, urban heat islands arise mainly due to anthropic issues [5]. Therefore, 

changes in the urban structure over the years, influenced by the population migration 

from the rural to the urban areas, have contributed to undermining the carrying capacity 

of the natural space, generating considerable negative environmental impacts. The most 

common problems are associated with using common building materials that absorb 

more radiation than in less urbanized rural areas, causing the phenomenon known as 

Urban Heat Island [6]. 
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Several factors can contribute to UHI formation, such as the city's materials imper-

meability, dark components, geometrically unfavorable buildings for proper air circula-

tion, man-made heat and pollution sources, and low wind speeds [7-9]. 

In addition, the UHI is defined as the difference between the air temperature within 

the urban area and its surroundings [10]. These high-temperature effects are direct con-

sequences of changes in the surface energy balance. They are reinforced by the climate 

change impact, which affects people's psychological and physiological well-being and 

controls daily mood and financial behaviors [11]. Moreover, inhabitants of major tropical 

and semiarid cities often experience the UHI phenomenon more often and more intensely 

since the cities in the tropics are already naturally warmer [12]. 

According to [13], the use of orbital images has become widespread with the satel-

lite's development advancement, increasing the spatial, spectral, and temporal resolu-

tion. In addition, these images have been essential in evaluating environmental impacts 

and are a powerful tool for monitoring changes in urban space. For example, one way to 

monitor the urban climate is through thermal infrared bands. Once part of the solar ra-

diation is absorbed and emitted by the urban surface, it is up to the satellite sensors op-

erating in the thermal infrared range to capture this spectral response and then, with 

appropriate corrections, estimate the Land Surface Temperature (LST), which can be 

used to detect the surface UHI (SUHI) [14,15]. 

Several authors have studied SUHI detection with different approaches at spatial, 

temporal, and spectral scales or tested which satellite sensor is most appropriate [16-20]. 

However, most of these studies focus only on a single locality where the definition of the 

urban and rural areas is tailored for each case study, making difficult comparisons be-

tween localities in different parts of the world. However, there is not only one method-

ology to define a non-urban area, and its several Land Use and Land Cover (LULC) 

classes identification is essential for the SUHI estimation once the wrong classification 

can lead to UHI values underestimation or overestimation. Therefore, the classification of 

non-urban and urban areas is a challenge nowadays. 

This study aims to analyze SUHI values for all capital cities of northeastern Brazil 

using the Urban Thermal Field Variation (UTFVI), and the Thermal Discomfort Indices 

(TDI) obtained using the Sentinel 3 satellite, SLSTR sensor, for the years 2019 and 2020. 

The main novelty of this study is this methodology application for the northeast Brazilian 

region, which is a semiarid region. In addition, the importance of this study is related to 

the Sustainable Development Goals (SDG) 11, which aims to achieve more inclusive, safe, 

and resilient human settlements [21]. 

2. Study Area 

The study area is the northeastern (NE) Brazilian capitals, Fortaleza, Maceió, Sal-

vador, São Luís, João Pessoa, Recife, Teresina, Natal, and Aracaju, located in the Bahia 

(BA), Maranhão (MA), Paraiba (PB), Pernambuco (PE), Piauí (PI), Rio Grande do Norte 

(RN), Sergipe (SE) states, respectively (Figure 1). 
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Figure 1. Study area highlighting the nine capital cities of the Brazilian Northeast Region. 

These capitals were chosen because they have diverse areas size, populations, and 

demographic densities [22] (Table 1). For example, Salvador has the largest population, 

but Fortaleza has the highest demographic density. Also, Teresina is the only one not on 

the coast. In addition, the Brazilian Northeast has few studies on the subject. Further-

more, an analysis such as this study for cities affected by the semiarid climate would be 

fundamental to mitigate the SUHI phenomena. 

Table 1. Brazilian Northeast capitals characteristics. 

Capitals 
Areas  

(km²) 
Estimated population 

Demographic density 

(hab/km²)  

Fortaleza-CE 312.353 2,686.612 8601.204 

Maceió-AL 509.320 1,025.360 2013.194 

Salvador-BA 693.453 2,886.698 4162.788 

São Luís-MA 583.063 1,108.975 1901.981 

João Pessoa-PB 210.044 817,511 3892.094 

Recife-PE 218.843 1,653.461 7555.467 

Teresina-PI 1,391.293 868,075 623.934 

Natal-RN 167.401 890,480 5319.443 

Aracaju-SE 182.163 664,908 3650.072 

3. Materials and Methods 

A flowchart of the methodology steps taken in this study is shown in (Figure 2). 
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Figure 2. Flowchart of the methodology 

3.1. Remote Sensing Data 

This study used remote sensing data from the Sentinel – 3A satellite of the European 

Space Agency (ESA) obtained from November 2019 to November 2020 for each north-

eastern Brazilian capital (Table 2). The SUHI was analyzed with the land surface tem-

perature (LST) product generated from the SLSTR sensor, with 1 km of spatial resolution 

in the thermal band, presenting a Polar/Heliosynchronous orbit, altitude of 815 km, an 

inclination of 98.6° and with a revisit period of 27 days. The LST data obtained only re-

quired cutouts for the study regions, and an appropriate georeferencing for each, in 

which it already comes with atmospheric and geometric corrections. Night thermal in-

frared images were used, because the SUHI effects are usually strong in this period, due 

to the heat up and energy stored by impervious surfaces and buildings during the day, 

which is slowly restored in the heat form at night [23]. 

Table 2. Day and time of Sentinel – 3 image acquisition for the Northeastern state capitals. 

Capital Data Hour (GMT) 

Fortaleza-CE 14/11/2020 00:21 

Maceió-AL 25/02/2020 23:00 

Salvador-BA 28/02/2020 23:22 

São Luís-MA 29/12/2020 00:55 

João Pessoa-PB 28/01/2020 23:26 

Recife-PE 28/01/2020 23:26 

Teresina-PI 27/11/2019 23:33 

Natal-RN 25/02/2020 23:00 

Aracaju-SE 28/02/2020 23:22 

 

3.2 . Meteorological Data 

This study used Relative humidity data extracted from meteorological stations in 

each capital of the study area (Figure 3). These data were obtained from the National In-
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stitute of Meteorology (INMET) at (https://bdmep.inmet.gov.br/) for all the Brazilian 

northeast capitals to calculate the Thermal Discomfort Indices (TDI). 

 

Figure 3. Location of the weather stations used for the northeastern Brazilian capitals. A) Fortale-

za(Lat. -3.815701; Lon. -38.537792), B) Maceió(Lat. -9.55111111; Lon. -35.77027777), C) Salvador(Lat. 

-13.005515; Lon. -38.50576), D) São Luís(Lat. -2.52666666; Lon. -44.21361111), E) João Pessoa(Lat. 

-7.165409; Lon. -34.815627), F) Recife(Lat. -8.05928; Lon. -34.959239), G) Teresina(Lat. -5.03472221; 

Lon. -42.80138888), H) Natal(Lat. -5.83722221; Lon. -35.20805555), and I) Aracaju(Lat. -10.952413; 

Lon. -37.05433). 

 3.3. Methodology 

3.3.1. Surface Urban Heat Island and its Surroundings Estimation 

The nighttime Land Surface Temperature (LST) data was retrieved from Sentinel-3 

satellite images and were used according to [24]: 

Maximum SUHI = (Maximum Urban LST - Average Surrounding LST) (1) 

 

Average SUHI = (Average Urban LST - Average Surrounding LST)  (2) 

where: the Maximum Urban LST is the hottest pixel in the urban area. The Average Ur-

ban LST and the Average Surrounding LST are the average temperatures of all the pixels 

in the urban and its surroundings, respectively. 

The Sentinel Application Platform (SNAP) software, provided by ESA for pro-

cessing and analyzing images from the Sentinel series satellites, was used to analyze the 

statistical parameters of the images used in this study. 

 

3.3.2. Urban and Surroundings areas selection 

To identify the urban area, [24] propose using a land cover map with an explicit 

representation of the urban agglomeration provided by the European Space Agency [25]. 

However, the official limits of the capital urban areas from the Brazilian Institute of Ge-
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ography and Statistics (IBGE), available at 

(https://www.ibge.gov.br/geociencias/downloads geociencias.html were used in this 

study.  

Afterward, the surrounding areas were split into three different reference classes: 

the urban adjacent (Ua), the future urban adjacent (FUa), and the peri-urban (PUa). Fur-

thermore, the widths of these surroundings WUa, WFUa, and WPUa, respectively, were 

calculated as follows according to [24]:  

WUa = 0.25 A½ (3) 

 

WFUa = 0.25 AWUa½ (4) 

 

WPUa = 1.5 A 1/2 - WFUa - WUa (5) 

in addition, "A" represents the urban area and AWUa is the sum of the areas of A and Ua. 

The representation of the areas adjacent to the urban area was generated by the 

Michael Minn Quantum GIS (MMQGIS) "create buffers" tool of the QGIS software ver-

sion 3.16.1. Figure 4 represents the adjacent areas in the form of buffers for the cities. 

 

Figure 4. Urban and surroundings areas WUa, WFUa, WPUa, respectively for all the northeastern 

Brazilian capitals. A) Fortaleza, B) Maceió, C) Salvador, D) São Luís, E) João Pessoa, F) Recife, G) 

Teresina, H) Natal, and I) Aracaju. 

3.3.3. UTFVI and TDI indexes 

In addition, to complement the SUHI analysis, additional indices were considered. 

The first was the UTFVI, which is the most widely used for ecological thermal as-

sessment of city environments due to its relationship with LST, as well as considering the 
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thermal impacts of different subareas, as applied by [26], describing the effects of the 

index in their analysis area quantitatively.  

The equation below describes the UTFVI calculation, according to [27, 28]: 

UTFVI = 1 - (Tmean / Ts) (6) 

where, Ts is the LST in Kelvin, obtained from Sentinel - 3 satellite data, of a given pixel in 

the urban area (A), and Tmean is the LST mean of the whole study area in Kelvin. 

The maximum and average urban heat island describes the temperature effect on the 

entire study area. At the same time, the UTFVI is used to assess the effect of each pixel 

located only inside the urban area. In addition, the index is divided into six levels (Table 

3) by SUHI occurrence phenomenon related to the urban environment ecological evalu-

ation [29, 30]. 

Table 3. Thresholds values of UTFVI and ecological evaluation index. 

UTFVI SUHI phenomenon Ecological evaluation index 

<0 None Excellent 

0 – 0.005 Weak Good 

0.005 – 0.010 Meddle Normal 

0.010 – 0.015 Strong Bad 

0.015 – 0.020 Stronger Worse 

>0.020 Strongest Worst 

 

 

Additionally, we know that UHI affects people's health, so the TDI measures the 

human body's reaction to a combination of heat and humidity. According to [31], this 

index allows the estimation of people's thermal comfort concerning the environment they 

live. The TDI is described as (Equation 7) accordingly proposed by [32]: 

TDI = LST - (0.55 - 0.055 RH) (LST - 14.5)  (7) 

where LST is the land surface temperature at a given pixel of A, this should be presented 

in degrees Celsius, and finally, RH is the relative humidity in %. According to [33], the 

TDI is divided into ten categories, as shown in Table 4. 

Table 4. TDI classification values. 

TDI categories  Temperature (ºC) 

Hyper Glacial <-40 

Glacial -39.9– -20 

Extremely cold -19.9– -10 

Very Cold -9.9– -1.8 

Cold -1.7– 12.9 

Cold 13 – 14.9 

Comfortable 15 – 19.9 

Hot 20 – 26.4 

Very Hot 26.4– 29.9 

Torrid >30 

4. Results and Discussion 

The SUHI maximum and average values, in addition to UTFVI and the TDI, should 

be interpreted as results of the day and time obtained from each data analyzed. Some 

points of vulnerability were noticed in the capitals studied, such as high-temperature 

values for urban areas, worrisome results of the ecological indexes for cities for cities, and 
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thermal sensations harmful to humans. Identifying these vulnerabilities becomes even 

more important to reach SGD 11 and, in a warming context world, the trend of global 

temperature increase is linear at 0.18 K per decade [34], and, according to the most recent 

report of the Intergovernmental Panel on Climate Change (IPCC), the world has already 

warmed by 1.1 °C, and is likely to exceed 1.5 °C by the 2030s [4]. 

4.1. Surface Urban Heat Island 

4.1.1. Maximum and average urban heat island 

The maximum and average SUHI values for all the northeastern Brazilian capitals 

are represented in (Figures 5 and 6), respectively, considering the urban adjacent (Ua), 

the future urban adjacent (FUa), and the peri-urban (PUa). 

 

Figure 5. Maximum SUHI for Ua, FUa, and PUa. 

An increasing trend in SUHI values in accordance with proximity to the capital was 

found in the cities of Maceió, Salvador, São Luis, Recife, and Natal. In contrast, a de-

creasing trend in relation to the capital was found in Fortaleza, João Pessoa, Teresina, and 

Aracaju. 

In addition, to the maximum SUHI values, the same analysis was made with the 

average SUHI values and is shown in (Figure 6). 
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Figure 6. Average SUHI for Ua, FUa, and PUa.  

For example, Fortaleza began to present its areas closest to the urban center with 

higher temperatures, around 27 °C. Even so, Maceió, Salvador, São Luís, and Natal are 

configured with the expected values, in which the urban area has higher temperatures. In 

contrast, Recife continued with its lower value in Ua, but the FUa obtained a higher value 

concerning Ua and PUa, thus being colder in this zone. In contrast, for Teresina, the FUa 

value was lower, thus characterizing it as a warmer zone, and João Pessoa and Aracaju 

obtained their warmest zones in their areas farther from the respective urban regions. 

Therefore, considering that areas with vegetation and bodies of water mitigate the 

accumulated heat, while areas with exposed soil and certain construction materials in-

crease the temperature [35-41], the hypotheses were raised to explain the results obtained 

in the Northeastern capitals, with the support of LULC images from MapBiomas [42], 

Figure 7. 
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Figure 7. LULC , respectively for all the northeastern Brazilian capitals. A) Fortaleza, B) Maceió, C) 

Salvador, D) São Luís, E) João Pessoa, F) Recife, G) Teresina, H) Natal, and I) Aracaju. 

Figure 8 shows the capital cities with the respective LST. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 April 2023                   doi:10.20944/preprints202304.0045.v1

https://doi.org/10.20944/preprints202304.0045.v1


 

 

 

 

Figure 8. LST (Kelvin) of the northeastern Brazilian capitals and their respective surroundings ar-

eas.  

Analyzing the Fortaleza maximum SUHI, a high temperature may have occurred in 

the furthest region of the urban area, at PUa, with a value of 2.31, because the hottest 

pixel of this area had a very high temperature of approximately 30.96 °C. The region is 

where Aquiraz is located, a well-traveled and paved metropolitan region (Figure 4A e 

7A), which may explain the high value found. But in compensation, in the average SUHI, 

the pixel temperatures in the city's urban area has the highest values, corresponding to 

0.13 degree difference, explaining the high temperature near urban areas. 

The areas adjacent to Maceió are heavily vegetated and have many bodies of water 

in the westernmost portion, which may explain the high temperature in urban areas 

compared to the furthest areas in both the maximum and average SUHI calculation val-

ues of 6.79 and 0.82 degree difference, respectively. 

Similar to Maceió, Salvador has a water body to the west of the city and many veg-

etated areas in its suburban areas, besides having a few neighboring towns in the sub-

urban areas. While in the average SUHI, the urban area of Salvador is explicit with tem-

peratures higher than its surroundings, with a value of 2.66 in the maximum SUHI in Ua. 

However, FUa has very similar values, which can be explained by the presence of a city 

near Uf, which is responsible for this temperature increase. 

In the analysis of the maximum SUHI, Ua is lower among the three reference areas, 

with a value of 2.48. Therefore, the urban areas present higher temperatures than their 

surroundings, where the same occurred for the average SUHI, with a value of 0.46. It is 

worth noting that the areas around the city are vegetated and have water bodies.  

With the analysis of the maximum and average SUHI of João Pessoa, it is possible to 

verify that the PUa temperatures were higher for the other regions and with respect to 

the urban area, corresponding to 4.28 and -4.92, respectively.  

These results may have occurred because PUa is an area with much-exposed soil, 

besides presenting sites with housing developments, justifying the high temperatures. 

Regarding the milder temperatures in the city, the region is well-wooded in some loca-
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tions, more specifically when we look at the central part of the city (Figure 4E e 7E), 

where the Botanical Garden is located, as shown in Figure 3, this being a 5 km² area with 

remnant Atlantic Forest vegetation [43]. 

In the Recife case, in calculating the maximum and average SUHI, the values ob-

tained among the reference regions were lower for Ua, with 5.21 and -2.03, respectively. 

However, for the other areas, PUa is still lower than Uf, thus having higher temperature 

values in PUa concerning it. Ua and PUa can explain this by covering more areas with 

exposed soil and built-up regions in neighboring cities.  

The values of the defined areas in Teresina were very close, all around 7. This mag-

nitude may have occurred because the urban and its surrounding areas present similar 

characteristics to the area near the urban core, such as the presence of exposed soil in the 

surroundings, as shown in Figure 4G. However, the hottest areas were near the PUa. In 

fact, vegetation occurs near the city and in the closest adjacent areas, still with the pres-

ence of a water body, although this is losing its space to the urban constructions. 

According to [24], a similar case of very close values of Ua, FUa, and PUa occurred. 

As presented in their work, the cities of Athens, Shanghai, Calcutta, and Dammam pre-

sented the same conditions as Teresina, having similar surroundings to the urban area. 

In Natal, the values of Ua were lower for the two calculations of maximum and av-

erage SUHI, 1.85 and 0.06, respectively, in which the city's urban area is hot concerning 

its surroundings, considering that it has plenty of vegetation in the adjacent regions. 

However, despite a significant water body in the city, it is surrounded by buildings and 

constructions, in addition to the few green areas in the city. 

Also, in 71 cities analyzed in the [24] study, 68 showed similar results to Natal, 

where their maximum and average SUHI, in both cases, were at high temperature values 

near the urban concerning adjacent areas.  

In the case of Aracaju, the PUa presented the lowest values for the two calculations 

of maximum and average SUHI, with 4.61 and 0.46, respectively, especially when ana-

lyzing the average. In addition, the city has some vegetated areas and riverbanks with 

riparian forests. Its immediate surroundings also have these elements, which can justify 

the occurrence of lower temperatures concerning PUa.   

4.3. Thermal Indexes 

4.3.1. Urban Thermal Field Variation Index 

The UTFVI values were the highest for João Pessoa, Recife, and Teresina (Figure 9). 

These values were above 0.020, possessing a very strong Heat Island phenomenon and 

their ecological indexes being considered the worst, according to (Table 3). Moreover, 

Maceió and Aracaju presented a strong phenomenon, and the remaining capitals pre-

sented medium to strong phenomena. However, it is worth noting that these results are 

for the regions of the city with the hottest pixels in each urban area, thus configuring that 

it has an average, strong and/or very strong Urban Heat Island Phenomenon in that spe-

cific region of the analyzed city area, and therefore also has a normal, poor and/or bad 

eco-environment. 
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Figure 9. UTFVI values for the Northeast Brazilian capitals. 

4.3.2. Thermal Discomfort Index 

The maximum and average Thermal Discomfort Index (TDI) is presented in (Figure 

10), indicating the influence of people's perception of the temperature around them. 

 

 

Figure 10. Maximum and Average TDI values for the Northeast Brazilian capitals. 

Regarding TDI, the hottest pixels in the urban area the thermal discomfort was Very 

Hot for Fortaleza, Salvador, São Luís, João Pessoa, Teresina and Aracaju. The remaining 

capitals obtained a hot classification. 

These values show that all the capitals, for their hottest areas, have thermal comfort 

above 20 ºC, above what is comfortable for the population, as shown in (Table 4). Fur-

thermore, as [44] indicated, the pattern values above 21 °C, less than 50% of the popula-

tion feels discomfort, which, according to [45], discomfort is understood as sensations of 

heat and cold, uncomfortable feelings of unease. 

The average TDI, on the other hand, to the urban area average pixels, the classifica-

tion Very Hot was only for São Luís; Hot for Salvador, Aracaju, Fortaleza, Natal, and 

Comfortable for Maceió, Recife, Teresina, and João Pessoa. 

°C 
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These results demonstrated that the average pixels in the urban areas in most capi-

tals, five of them, present thermal comfort above 20 ºC, being above what is comfortable 

for the population and was the maximum thermal discomfort. 

4.5. Summary of Results 

A summary of the main results obtained for the capital cities assessed in this study is 

presented in (Table 5). The average LST is presented in Celsius of the urban area. Col-

umns 3 to 8 represent the values of Ua, FUa, and PUa for the maximum and average 

UTFVI, respectively. The indexes are represented by their maximum values, and finally, 

the date is the day of the image obtained by the Sentinel 3 satellite. 

Table 5. Summary table with the main results for all northeastern Brazilian capitals. 

City 
Average 

LST 

Max 

SUHI Ua 

Max  

SUHI FUa 

 Max 

SUHI PUa 

Ave  

SUHI Ua 

Ave  

SUHI FUa 

Ave  

SUHI PUa 

Max 

UTFVI 
Max TDI Date 

Fortaleza 28.39 3.10 3.57 2.31 0.13 0.67 1.35 0.01 26.99 14/11/20 

Maceió 21.13 6.79 7.83 8.25 0.82 1.86 2.28 0.02 25.24 25/02/20 

Salvador 28.18 2.66 3.07 3.77 0.14 0.55 1.25 0.01 27.50 28/02/20 

São Luís 27.71 2.48 2.71 4.00 -0.46 -0.23 1.06 0.01 28.89 29/12/20 

João Pessoa 19.62 5.15 4.55 4.28 -4.05 -4.65 -4.92 0.03 25.52 28/01/20 

Recife 20.89 5.28 5.51 7.05 -2.03 1.80 -0.26 0.03 25.23 28/01/20 

Teresina 21.26 7.39 7.43 7.14 -3.40 -3.36 -3.65 0.04 26.94 27/11/19 

Natal 25.82 1.85 2.33 2.94 0.06 0.54 1.15 0.01 24.61 25/02/20 

Aracaju 29.25 6.65 4.92 4.61 2.50 0.77 0.46 0.02 28.37 28/02/20 

 

As already observed in the Results, the maximum and average SUHI values for 

Natal-RN for the three reference areas were similar to the 68 cities studied by [24]. As 

seen in Table 5, the maximum and average SUHI values for Maceió-AL, Salvador-BA, 

and São Luís - MA were similar to those presented by Natal-RN.  

Notably, in the city of Teresina, as seen in Table 5, the maximum and average SUHI 

values were all very close. 

5. Conclusions/Concluding Remarks 

Obtaining land surface temperature from remote sensing allowed us to estimate the 

UHI and its influence in three adjacent city areas. Still, a fine selection of these urban 

surroundings is necessary to detect better and assess these temperature differences. 

Taking these facts into consideration, we used the methodology to more accurately cal-

culate the SUHI effects in the cities of Fortaleza-CE, Maceió-AL, Salvador-BA, São 

Luís-MA, João Pessoa-PB, Recife-PE, Teresina-PI, Natal-RN, and Aracaju-SE in the 

northeastern region of Brazil. 

In this study, local data from IBGE was used to obtain the urban area and thus locate 

the reference areas of the surroundings, the urban adjacent (Ua), the future urban adja-

cent (FUa), and the peri-urban (PUa), discovered by calculations that depend exclusively 

on the original urban area. Besides being performed the calculation of the maximum and 

average SUHI of the urban area for each reference area.  

With the remote sensing data obtained, most capitals got higher SUHI values than 

their surroundings. In making this inference, factors such as lack of vegetated areas, areas 

without the presence or with water bodies "suffocated" by the city, regions with exposed 

soil, and the presence of materials that retain a lot of heat and energy from the sun were 

taken into consideration. These considerations are reasons for the increase in urban areas 

and their surroundings, which are present in the study areas.  
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The Urban Thermal Field Variation Index (UTFVI) and the Thermal Discomfort In-

dex (TDI) help to understand each study area. , In the UTFVCI, it is verified that for the 

hottest regions of the urban area, the capital cities present results that prove that the city 

space in question presents a very poor ecological index. In addition, the Thermal Dis-

comfort Index verified thermally uncomfortable values for the population in general.  

Therefore, this study helps SDG 11 to reach more and more its cherished goal. In 

addition, the methodology used in this study can help urban managers in future deci-

sion-making to better manage the urban environment, especially in northeastern Brazil-

ian capitals with diverse areas, populations, and demographic density, besides being in a 

semiarid climate. Finally, this study could be replicated for other cities worldwide using 

global remote sensing data. However, it also needs local meteorological data, which is 

sometimes challenging to find in several cities. 
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