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Several studies have been conducted in recent decades to investigate how different pavements 

affect the microclimate conditions and thermal comfort for humans. However, few studies 

explore how different ground materials are associated with surface and air temperature spatially. 

This paper examines and quantifies the micro-scale influence of various ground surface 

materials on the microclimate conditions in a hot desert climate, like Aswan City. This study 

applied several methods and techniques such as; on-site measurements, a statistical analysis of 

variance (ANOVA), multivariate regression models, and advanced spatial statistics techniques 

that control for spatial autocorrelation. The key findings of this research reveal that the mean 

values differed significantly from one material to another. The mean air temperatures ranged 

from 25.47°C to 41.4°C at the grass and the asphalt respectively, while the highest mean value 

for surface temperature was recorded above the asphalt (50.27°C), and the lowest value was 

with a mean value of 22.31°C above the grass. Alternatively, based on the spatial analysis, the 

results of the IDW interpolation show that the lowest mean air temperature is above the grass 

(26.03°C), while the highest temperature can be observed over the asphalt (42.27°C). In terms 

of surface temperature, the lowest and highest temperatures were recorded above the grass and 

asphalt (19.52°C and 50.32°C). There were no substantial differences between the IDW 

interpolation results, and the results obtained from the measured data. Thus, using spatial 

interpolation of point data values can be an effective tool to generate detailed spatially 

continuous temperature maps. The research findings can be utilized to develop effective 

mitigation strategies to enhance urban microclimate in hot desert regions by using passive 

approaches of decreasing temperatures. 
 

 

1. INTRODUCTION 

Urban heat island (UHI) is a prominent phenomenon 

of urban areas being significantly warmer than its 

surroundings rural areas due to rapid urbanization and 

human activities [1, 2]. The most common methods for 

determining UHI are air temperature and surface 

temperature [3]. Most UHI research has focused on data 

sources, simulation modeling, unit selection, analytical 

methodologies, driving factors, and mitigation strategies. 

Early UHI research focused on the differences in air 

temperatures between urban and rural areas, which was 

based on data from a limited number of unevenly positioned 

weather stations over several regions [4, 5].  

Due to variations in the intensity of the 

solar radiation during different seasons (summer/winter), 

the effects of UHI varies dramatically. Surface layer heat 

island varies based on the season, location, solar intensity, 

land cover, and weather.  

In hot desert climate, summertime fluctuations in 

these conditions and the magnitude of surface temperatures 

are especially evident. When researching the phenomenon 

of UHI, the size and location of cities are key concerns. The 

UHI effects rise in direct proportion to the size of the 

metropolis [6, 7]. 

Essentially, a comprehensive understanding of the 

climatic factors is vital for efficient management of 

agriculture, natural resources, disaster resilience, 

urbanization, transportation, and a wide range of other 

activities. One of the significant climatic factors is the 

surface temperature because it not only regulates air 

temperature in the canopy layers in the urban environment, 

but also it assists in determining building internal 

temperatures and impacts energy exchanges that affect city 

residents' comfort [8]. In many urban areas, diverse types of 
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pavements, such as streets, parking lots, walkways, plazas, 

and playgrounds, cover a substantial part of the land surface. 

Heat stress has increased in these urban areas because of the 

use of inefficient artificial materials and a lack of 

vegetations and mitigation solutions [9, 10]. 

Heat island effects are becoming more prevalent in 

urban environments because of increasing population 

densities and impervious surface areas. These effects can be 

mitigated by urban planning policies, mitigation strategies, 

and adaptation activities. However, there is no one-size-fits-

all mitigation solution, and any mitigation must take into 

account the unique characteristics of the specific geographic 

location [11]. Several recent studies demonstrated that the 

urban thermal climate can be mitigated by creating green 

spaces and greening building roofs. Other studies focused 

on the techniques to improve surface and air temperatures 

by increasing the roof albedo and land coverings [12-15]. 

Various studies have indicated that vegetation and the 

protection of existing green spaces and forested areas had 

enormously influenced reducing the urban heat island effect 

[16, 17]. Indeed, vegetation offers cooling through a wide 

range of mechanisms, including the seasonal shade of 

infrastructure, evapotranspiration, and limiting solar 

radiation.  

The influence of outdoor space characteristics on the 

outdoor microclimate, such as surface albedo, sky view 

factor, and other factors on the ambient air temperature has 

been studied extensively in the past decades [13, 18-21]. In 

one of these studies, the Computational Fluid Dynamics 

(CFD) simulation was performed to analyze the thermal and 

energy impacts of five samples of color thin layer asphalt in 

outdoor spaces by measuring and analyzing their spectrum 

solar characteristics and thermal performance compared to 

a conventional black asphalt sample. They used statistical 

analysis to examine surface temperatures [18]. In addition, 

it was discovered that all colored-thin layer asphalt samples 

have lower surface temperatures than conventional asphalt. 

Another research developed a novel albedo 

measurement system with a dual pyranometer and an 

automated data collection system, which they utilized to 

undertake field albedo measurements for different paving 

materials and long-term albedo monitoring [13]. The 

researchers also used experimental measurements to 

analyze the seasonal impacts of albedo on the thermal 

performance of paving materials. Furthermore, they 

discovered a positive relationship between the cooling effect 

and the peak solar radiation intensity. 

Spatial statistics using Geographic Information 

Systems [19] have been extensively utilized to assist in 

the assessment and monitoring of numerous climatic 

variables by using spatial interpolation techniques such 

as Inverse Distance Weighting (IDW). In this regard, 

Ozelkan et al [19] demonstrated a novel modified inverse 

distance weighting (M-IDW) spatial interpolation 

technique using Landsat surface temperature data 

combined with meteorological station data for air 

temperature, relative humidity, and total precipitation. 

The findings demonstrate that if the monthly average 

computation includes images and cloudless pixels, the 

proposed M-IDW approach has potential for spatial 

interpolation of climatic data.  

In Turkey's Southeastern Anatolia Project (GAP), six 

spatial interpolation approaches have been assessed to 

determine the optimum spatial distribution of six unique 

climate characteristics [20]. Using observed data from 1971 

to 1999, simple cokriging produced the best forecasting 

models for temperature, solar radiation, relative humidity, 

wind speed and completely regularized spline for daylight 

and precipitation. In a further research, a novel method for 

calibrating spatial interpolation with satellite-derived 

surface emissivity was introduced to forecast surface 

temperature [21]. In summer 2001, four spatial interpolation 

algorithms were investigated to interpolate surface 

temperature in southern New England using ground 

temperatures collected at national weather stations; IDW, 

Spline, Kriging, Cokriging. When surface emissivity data 

are unavailable, they discovered that Kriging is suggested 

for surface temperature interpolation. 

According to earlier literature, many studies 

investigated the correlations between land cover materials, 

surface temperature, and ambient air temperature on a large-

scale area using satellite images, with little attention to the 

possibility of having multiple flooring materials on one 

spatial scale [4, 21-24]. In a different approach, this study 

focuses on the relationship between ground materials and 

different microclimate factors in a restricted urban boundary 

area. Although much of prior research have attempted to 

address the UHI impacts and its determining variables over 

the last few decades, they have a few major limitations;  

I) There is not much quantitative data regarding micro-

scale thermal variation due to changes in ground surface 

materials within urban environments in hot desert 

climate [5, 7, 25].  

II) In terms of the scale of the study region, various 

studies focused on thermal environments in large-

scale, high densely urbanized areas and megacities 

which showed how the size and type of different land 

use and land cover affect thermal environment [4, 6, 

26-28]. 

III) Much of the literature into the thermal impacts of surface 

materials and land cover relies on large-scale techniques 

that employ satellites images from remote sensing data 

to estimate land surface temperature [6, 7, 22-24, 29-32]. 

Field experiments were performed in conjunction with 

remote sensing data to investigate the influence of land 

cover changes on air temperature across a large region 

[3, 5, 22, 24, 25, 33]. 

IV) A few other research have employed temperature data 

from meteorological weather stations, measuring air 

temperature in micro-scale methods to investigate 

thermal impacts of surface materials and land cover 

[34],[1, 18, 21, 35-38]. However, these studies are often 

limited by small sample sizes. 

V) Methodological advances in statistical analysis 

(ANOVA and other correlation tests) have been widely 

applied for analyzing surface temperature and UHI 

effects [27, 39]. However, most existing literature have 

employed simple linear regression models to examine 

the correlation between different microclimate variables 

[3, 5-7, 40]. This research employs advanced spatial 

statical techniques that control for spatial 

autocorrelation and spatial heterogeneity.  

The research of how different pavements affect the 

microclimate conditions and thermal comfort for the 

humans has been widely conducted [1, 38, 40-46]. 

Additionally, others examined the relationship between the 

surface and air temperatures for different climate zones. 
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However, thermo-spatial analysis for the correlation 

between surface and air temperatures has rarely been 

investigated previously. This research attempts to filling the 

gap by investigating the micro-scale influence of various 

ground surface materials on the microclimate conditions in 

a hot desert area, like Aswan City, using several methods 

and techniques such as; experimental measurements, 

correlation analysis and spatial statistics techniques.  

The main objective of this research is to examine and 

quantify the correlations between surface temperature, 

ambient air temperature and other microclimatic conditions 

associated with different ground surface materials. 

Moreover, this study presents a novel approach, utilizing the 

spatial autocorrelation techniques to determine if surface 

temperature differences exist for various ground materials 

and if they influence air temperature above the 

corresponding materials. 

 

2. MATERIAL AND METHODS 

This study investigated an area with hot desert 

climate, taking Aswan University campus as a case study, 

exhibiting open areas of different impermeable, pervious, 

and natural materials such as; asphalt, soil, cement tiles, 

cement chequered tiles, and grass. Field measurements were 

conducted above the mentioned ground surfaces materials 

in June 2020, which represents one of the hottest months of 

the year, given the fact that climate heat pressure occurs 

mostly during the summer season. In the same regard, this 

study evaluates the impacts of different ground materials on 

the microclimate variables such as; surface and air 

temperature, relative humidity, and wind velocity. 

Therefore, the collected data on certain microclimate 

characteristics were analyzed using statistical analysis of 

variance (ANOVA), multivariate regression models and 

advanced spatial statistics techniques using Global Moran’s 

I and Inverse Distance Weighting (IDW) interpolation. 

2.1. Site Measurements 

This research was performed at the College of 

Engineering, Aswan University Campus which is two 

kilometers north of Aswan City, Egypt. The city has 

different climatic characteristics, with the average annual 

temperature at 26.6°C, while the average maximum 

temperature in June is 40.5°C and the average annual 

rainfall is 1 mm (Climate Data for Cities Worldwide—

Climate-Data.Org. Available online: https://en.climate-

data.org/ (accessed on February 2022).  

The climatic conditions of Aswan City are steady 

during the summer season, which characterized by hot, 

sunny, and cloudless circumstances. Therefore, 

measuring campaigns were performed for three 

consecutive days in June 2020 (6th, 7th, and 8th) as an 

indicative of these circumstances. Air temperature and 

relative humidity were measured at 1.5 m height using 

“HOBO U12” data loggers mounted in hand-made 

shields for solar radiation [47], shown in Figure 1. While 

the RADTKE device was monitoring the surface 

temperature. 

In the study area, six distinct types of ground 

surface materials have been investigated at seven 

measuring points, as shown in Figure 2. Those materials 

were; 1) concrete tiles, 2) white concrete tiles, 3) grass, 

4) soil, 5) cement chequered tiles, and 6) asphalt.  These 

points were chosen to encompass all the available ground 

surface materials in the study area (details for each 

measurement location presented in Figure 3. The 

measurements were collected throughout the day on a 24-

hour basis, while the data analysis focuses only on the 

daytime hours, which are typically between 08:00 AM to 

06:00 PM. According to the monitoring data of air 

velocity that has been taken by Protmex 6252A, the 

measurements were taken during the day when there were 

no severe winds. Table 1 encompasses the descriptive 

statistics for the measurement instruments. 

2.2. Statistical Approach 

Both descriptive and predictive analysis were used to 

analyze the differences in surface and ambient air 

temperatures. Meanwhile, statistical analysis was utilized to 

examine the correlation and variations associated with each 

ground surface materials, existed in the study area.  

The statistical analysis has been performed using 

statistical software IBM SPSS 25. The analysis of variance 

(ANOVA) test has been applied to examine variances in 

mean surface temperatures among all ground materials and 

to detect material differences using the Tukey-Kramer test 

[46]. Similarly, ANOVA test was conducted to determine 

if mean air temperatures differed across different ground 

materials. For a predictive analysis, the correlation 

between surface and air temperatures was assessed using 

multivariate regression models. Using OLS regression 

analysis, stepwise regression models have been used to 

find the best fitted model. 

 

 

Figure 1. A diagram showing the installation of the HOBO 

U12 device to protect it from direct solar radiation [48] 

(Edited by Authors). 
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Table 1. Summarized descriptive data for the measurement instruments. 
 

Variable Accuracy Range Output resolution sample 

Ta 
± 0.35 °C  

from 0°C to 50 °C 
−20° to 70 °C 0.03 °C at 25 °C 

1 hour 

RH 
± 2.5 %  

from 10% to 90 %  
5 % to 95 % RH 0.03 % RH 

 

 
Figure 2. The map for the College of Engineering at Aswan University and the measurement points (Source: Aswan 

University, Engineering Administration, 2020). 

 

      

1) 2) 3) 4) 5) 6) 

Figure 3. Locations for data point measurements with ground materials; 1) Concrete tiles, 2) White concrete tiles, 3) 

Grass, 4) Asphalt, 5) Soil and 6) Cement chequered tiles 

2.3. Spatial Interpolation Approach 

Spatial interpolation is a technique for predicting the 

value of attributes at unobserved locations within a study region 

using existing measurements [49]. One of the most frequent 

interpolation methods is Inverse Distance Weighted (IDW) 

interpolator. This study proposed using the inverse distance 

weighted (IDW) interpolator rather than other interpolation 

techniques such as the kriging method due to the limited accuracy 
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of kriging interpolation when the number of sampled 

observations is small, as in the current study. Therefore, IDW 

was used as an accurate interpolation method where the 

estimated value of a point is impacted more by nearby known 

observations than by those further away. It is used to estimate the 

values for any unmeasured place by measuring the values in the 

vicinity of the anticipated location. It is fundamentally dependent 

on two assumptions: First, the influence of an unknown point 

value is instantly increased to the close control point rather than 

the far points. Second, the impact degree point is inversely 

proportional to the distance between the two places. This can lead 

to the following equation: 

𝑍∗ = ∑ 𝜔𝑖 

𝑛

𝑖=1

𝑍𝑖 

Where 𝑍𝑖  is the value of the data to be interpolated by a 

number of n points and weights (𝜔𝑖 ) formulated as: 

𝜔𝑖 =  
ℎ𝑖

−𝑝

∑  ℎ𝑗
−𝑝𝑛

𝑗=0

 

P is a positive value that can be changed is called the power 

parameter and ℎ𝑗 is the distance to the point of interpolation 

which is described as: 

ℎ𝑖 = √(𝑥 − 𝑥𝑖)2 + (𝑦 − 𝑦𝑖)2 

Where (x, y) is the coordinate of the interpolation point and 

(𝑥𝑖, 𝑦𝑖) is the coordinate of the default data point. 

Using known climatic data readings from adjacent 

dataloggers, we could predict many environmental variables 

such as air temperature, surface temperature, relative 

humidity, and air velocity at a place with no recorded data 

using spatial interpolation. This phase of the research passed 

by several steps as follow: 

 All climatic measurement locations were signed as point 

features on the college site map. 

 The mean temperature values during the daytime (08.00 

a.m. and 06:00 p.m.) were calculated and entered in the 

attributes table of the point features. 

 IDW interpolator was utilized for each variable to 

predict all unobserved locations. 

 The output results were obtained as a raster map for the 

college site showing the climatic results for each point 

in the study area. 

3. RESULTS& DISCUSSIONS 

Each data collecting location has a distinct landscaping 

ground material, according to the field survey. All climatic 

measurements were collected above seven points that represents 6 

(six) diverse types of ground surface materials. Table 2 lists the 

urban ground materials utilized at each measuring site. 

3.1. Analysis of Surface-Air Temperature Associated with 

Ground Surface Materials 

A comparative means statistical test was used to 

examine the association between the mean values of 

surface temperature at each measurement location. The 

one-way analysis of variance (ANOVA) is the appropriate 

method to use when comparing the means of more than two 

groups. Before the tests, the data were checked for 

normality using the Kolmogorov-Smirnov test. The results 

of the normality test show that the data were normally 

distributed (p > 0.05), hence, one-way ANOVA test has 

been conducted comparing the mean surface temperature 

values between the measuring locations for the six ground 

surface materials. 

The findings indicate that the mean surface 

temperatures differed from one ground surface material to 

another. The warmest materials were; asphalt (50.27°C), 

soil (46.06°C) and cement chequered tiles (45.74°C) 

respectively, while the coolest material was the grass 

(22.31°C) (Table 2). Further analysis has been conducted 

to compare means between each materials using a Tukey-

Kramer test (Figure 4). Based on the findings from 

ANOVA analysis, F = 7.443 with P = 0.000, this implies 

that the surface temperature at each measuring location 

differs significantly (Table 3).  

In addition, the results show that the highest mean 

value for surface temperature was recorded above the 

asphalt at points 4 and 7 (50.27°C), with maximum and 

minimum values of 61.80°C and 33.20°C respectively. 

While the lowest value was at point 3 with a mean value of 

22.31°C above the grass, with maximum and minimum 

values of 24.95°C and 18.50°C respectively. Other 

findings indicate that there were no substantial differences 

comparing the means of asphalt vs. soil, asphalt vs. 

concrete tiles, and concrete tiles vs. soil. However, when 

comparing the means of all artificial materials and grass, 

they show significant difference between them.

 
Table 2. Mean values of surface temperature, air temperature, relative humidity, and air velocity across all the ground surface materials. 

Air Velocity 

(m/Sc) 

Relative 

Humidity (%) 

Air Temperature 

(◦C) 

Surface 

Temperature (◦C) 

Surface 

Area (m2) 
Surface Material 

Measuring 

Point 

0.37 17.64 37.36 43.65 2045.45 Concrete Tiles 1 

0.28 22.57 37.63 40.95 16.65 White Concrete Tiles 2 

0.39 31.34 26.91 20.34 2589.98 Grass 3 

0.48 18.19 41.4 49.19 6334.8 Asphalt 4 , 7 

0.41 18.03 40.03 47.72 3418 Soil 5 

0.43 16.40 36.57 42.36 590.45 Cement Chequered Tiles 6 
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Table 3. One-Way ANOVA test results of surface temperature between the measuring points. 

 Sum of 

Squares 

df Mean Square F Sig. 

Surface Temperature Between Groups 3941.77 5 788.355 7.443 .000 

Within Groups 41627.74 393 105.923   

Total 45569.52 398    

 

One of the objectives of this study is to investigate the 

variations of surface and air temperatures associated with 

different ground materials. According to the findings, the mean 

values of the surface temperature imply significant differences 

for each ground surface materials (Figure 4). There are many 

reasons for these variations such as; pavement composition, 

thermal characteristics, color, and texture. The heat storage 

capacity for each ground surface material is affected by solar 

absorption, the reflectivity and the emissivity of the surface, 

depending on the material composition [42]. The albedo of a 

substance is affected by the color of a surface, which impacts 

surface temperatures. Lighter surfaces have a higher albedo and 

more light, whereas darker surfaces absorb a higher solar level 

and are less albedo [50]. 

Asphalt is typically dark and absorbs large amount of 

heat [44]. These findings can reveal the impacts of color on 

surface temperatures. For instance, the highest mean value for 

surface temperature was recorded above the asphalt at 

(50.27°C), while lighter surfaces such as white concrete tiles 

recorded a mean value of 32.93°C. Furthermore, the roughness 

of a surface also influences the direct absorption of solar 

radiation. Since the surface area is exposed throughout the day 

to direct sunlight, smoother surfaces were cooler and rougher 

surfaces were warmer [46]. These trends can also be observed 

in the findings, smoother surfaces such as concrete tiles and 

white concrete tiles have lower surface temperatures (45.04°C 

and 32.93°C), comparing with rougher surface such as asphalt 

and soil (50.27°C and 46.06 °C). Due to the fact that all 

materials absorb daytime solar radiation, they radiate nighttime 

heat, rising ambient air temperatures [51].

 

 

Figure 4. Mean values of surface temperature. The highest value was recorded above the asphalt, while the lowest value was 

above the grass. 

 

Ambient air temperatures contribute to human 

thermal comfort. Temperature variations may be 

uncomfortable; therefore, a variety of ways can control 

the ambient air temperature in the built environment to 

maintain the temperature steady. In addition to the 

variations in the surface temperature existed at each 

measurement location, the differences between ambient 

air temperatures at each location have been analyzed as 

well. There is a substantial variation in the ambient air 

temperature for each measuring location. The findings 

imply that the mean values of air temperature 

significantly differed from one material to another. The 

results show that the mean air temperatures ranged from 

25.47°C to 41.4°C at the grass and the asphalt 

respectively (Table 2).  

Comparative means statistical tests were used to 

examine the ambient air temperature at each measurement 

location. First, the data was examined by the Kormolov-

Smirnov test resulting in a normal distribution and the 

data distribution should be assessed by a parametric test. 

For the data to be analyzed comparing the means among 

measuring points, One-Way ANOVA test and Tukey's 

Post Hoc test was further conducted. Based on the 

findings, presented in Table 4, the ANOVA results (F = 

4.074 with P = 0.000) implies that the mean values of air 

temperature at the seven measuring points are 

significantly differentiated. It indicates that the air 

temperature at every measuring point differs 

significantly. For instance, at points 4 and 7, the average 

ambient air temperature was 41.4°C above the asphalt 

(the highest value compared to other means), while point 

3 exhibited the lowest temperature with a mean value of 

25.47°C above the grass. 
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Table 4. One-Way ANOVA test results of air temperature between the measuring points. 

 Sum of 

Squares 

df Mean Square F Sig. 

Air Temperature Between Groups 759.18 5 151.838 4.074 .001 

Within Groups 14647.20 393 37.270   

Total 15406.46 398    

Similarly, the air temperature above the various ground 

surface materials imitates the trend found in the surface 

temperature. Mean values of air temperature above each ground 

material is presented in Figure 5. The boxplot illustrates the air 

temperature distribution using bold lines that represent the 

mean value of each ground surface material. Excluding the 

grass material, the mean values of air temperature seem slightly 

comparable above other artificial materials. This might be 

attributed to higher summer temperatures in the study area. 

 

Figure 5. Mean values of air temperatures. The highest ambient air temperature compared to other locations was above the 

asphalt, the lowest temperature was above the grass. 

 

3.2. Analysis of the Correlations between Surface and Air 

Temperature 

Based on the earlier findings, there were significant 

variations in both surface and air temperatures associated with 

different ground surface materials. Using OLS regression 

analysis, air temperature was the dependent variable and 

considering the other microclimate variables as independent 

variables such as; surface temperature, relative humidity, and 

wind speed. Stepwise regression model has been used to find 

the best fitted model. The correlation analysis between surface 

and air temperatures reveals relatively strong positive 

correlation between them, considering different ground 

materials (as presented in Figure 6). The results of the 

multivariate regression models, presented in Table 5, show a 

strong positive correlation between surface and air temperature 

with overall R2 value of 0.710 as a model fit. 

Air temperatures are impacted by seasonal, climatic 

influences and pavement characteristics. This occurs when 

ground surface materials expose to direct solar radiation and 

absorb more heat during the summer months. Thus, surface 

temperatures rise, causing increase of ambient air temperatures 

due to convection current from the materials. This phenomenon 

occurred with the artificial pavements such as asphalt, concrete 

tiles, and soil. However, the air temperature is significantly lower 

over natural covers like grass because of evapotranspiration. 

 

Table 5. OLS Regression Model Summary& Coefficients. 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 0.842a 0.710 0.708 3.36029 

Model 

Unstandardized Coefficients Standardized Coefficients 
t Sig. 

B Std. Error Beta 

 (Constant) 32.116 1.439  22.315 .000 

Relative Humidity -.356 .030 -.464 -11.803 .000 

Surface Temp .257 .023 .443 11.254 .000 
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Figure 6. Correlation analysis between surface and air temperatures for different ground materials. 

 

3.3. Spatial Autocorrelation and Interpolation Results  

Spatial statistics like the spatial autocorrelation 

(Moran's I) is a valuable tool for determining the spatial 

pattern of the collected data. They are more effective when 

the spatial pattern is consistent across the study area. In 

general, spatial patterns can be described as three types either; 

clustered, dispersed, or random. Spatial autocorrelation is 

positive and clustered when similar values are located near 

each other, while negative and dispersed correlation is 

common where the adjacent area has many different values. 

Between the two patterns, there is a random pattern showing 

no spatial autocorrelation.  

This study uses data of the mean values of air 

temperature measured at the study area of Aswan University 

campus. The autocorrelation test result using Global Moran's 

I is presented in Figure 7. The results show, with 95% 

confidence level, that the mean air temperature data has a 

positive spatial autocorrelation, which means that the formed 

spatial pattern for the study data is clustered. The results of 

Moran’s index test report that Z-score has a value of 974.689 

and Moran’s index of 0.737. Based on the test criteria with 

99% confidence level, because Z (I)> Z (𝛼2⁄) then null 

hypothesis is rejected, and it can be concluded that air 

temperature data has clustered and positive spatial 

autocorrelation.  

Since the results from the Moran’s Index test reveal 

that the data has a positive and cluster spatial autocorrelation, 

the spatial interpretation method should be valid for the 

measured data predicting the other unobserved locations in 

the entire study area. In this regard, the interpolation 

technique IDW was applied, and the results were extracted as 

raster maps for the mean values of different microclimate 

variables during the daytime. Figure 8 depicts a statistically 

significant relationship between the ground surface materials 

and the microclimate variables such as; a) air temperature, b) 

surface temperature, c) relative humidity, and d) air velocity.  

 

 

Figure 7. Global Moran's I result for surface-

air temperature in Aswan University Campus. 
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(a) Air temperature (◦C) (b) Surface temperature (◦C) 

  

(c) Relative humidity (%) (d) Air velocity (m/Sc) 

Figure 8. The results of IDW interpolation technique in terms of average of (a) air temperature (◦C); (b) surface temperature 

(◦C); (c) relative humidity (%); (d) air velocity (m/Sc). 

The results of the IDW interpolation method 

(Figure 8) report that the lowest mean air temperature is 

above the grass (26.03°C) followed by cement chequered 

tiles (37.22°C), while the highest temperature can be 

observed over the asphalt (42.27°C). In terms of surface 

temperature, the lowest and highest temperatures were 

recorded above the grass and asphalt (19.52°C and 50.32°C, 

respectively). The findings also report that the highest level 

of relative humidity was measured above the grass (32.25 

%), while the minimum value was recorded above the 

cement chequered tiles (16.84 %). 

According to the statistical analysis of the measured 

data, each ground surface materials has different surface and air 

temperatures. The findings also show that the surface 

temperature influences the temperature of the air above. 

Pavement composition, thermal characteristics, color, and 

texture all play a significant role in these variations. According 

to Tan and Fwa [42], heat storage capacity for each type of the 

ground surface materials used in the analysis is influenced by 

solar absorption, reflectivity, and emissivity of the surface.  

The interesting result was that the IDW interpolation 

results are slightly comparable with the measured data. The 

justification for that is the interpolation results represent the 

mean value for the entire study area which might be different 

from the observed data recorded at specific measurement 

location. There is no substantial difference in air velocity values 

above any ground surface materials, indicating that ground 

surface materials and air velocity have a weak correlation. 

These findings are consistent with earlier research [39], which 

found that grass had the lowest or coldest surface temperature, 

whereas asphalt has the greatest or warmest surface 

temperature. 

4. LIMITATIONS 

The relationship between surface and ambient air 

temperature associated with different ground surface materials 

has been investigated in this research using a variety of methods, 

including experimental measurements, ANOVA statistical test, 

regression analysis, spatial interpolation using (IDW), and 

Global Moran’s I. It is worth mentioning that this study has some 

limitations such as; A spatial limitation due to the study's 

application in Aswan city, which characterized with a hot desert 

climate. Measurement campaigns were conducted only in June, 

the hottest month of the year in the study region, without 

considering the other months. Additionally, the sky view factor 

at each measured point is not considered in this study because it 

has roughly the same value across all studied locations.  

This study found no correlation between albedo and other 

climatic variables such as surface and ambient air temperature, 

so it is considered a technical limitation. This finding was more 

in line with prior studies [51-53], which found that materials with 

a low albedo may provide the best thermal conditions, and that 

increasing the albedo of materials does not have a significant 

impact on enhancing thermal performance. 

5. CONCLUSION 

Generally, this study employs several adopted 

approaches for extracting spatially thermal variables above the 
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indicated ground materials, such as; on-site measurements, 

statistical analysis of variance (ANOVA), inverse distance 

weighting interpolation (IDW), and spatial autocorrelation 

using Moran's I. The results of this research have revealed 

significant surface temperature variations among different 

ground surface materials and comparable results revealed that 

the heat absorbed influenced the above ambient air temperature. 

For instance, the mean air temperatures ranged from 25.47°C 

to 41.4°C at the grass and the asphalt respectively, while the 

highest mean value for surface temperature was recorded above 

the asphalt (50.27°C), and the lowest value was with a mean 

value of 22.31°C above the grass. The microclimate properties 

of all other types of ground materials above the surface are all 

different of the selected areas at Aswan University Campus.  

Considering the high spatial autocorrelation of surface 

air temperature, inverse distance weighting (IDW) 

interpolation method has been employed to generate spatially 

continuous temperature maps from point measurements. Based 

on the results obtained from the spatial analysis (Moran’s I and 

IDW interpolation), maximum surface and air temperature 

values were recorded above the asphalt material (50.32°C and 

42.27°C, respectively), while the lowest surface and air 

temperature values were recorded above the grass (19.52°C and 

26.03°C, respectively). There is a positive correlation between 

the tested ground surface materials and the obtained values for 

different microclimate variables (surface temperature, air 

temperature, and relative humidity).   

The results of this research have broader implications, 

denoting those comparable hot desert regions may benefit from 

similar studies to cool down their urban regions throughout the 

summer season. This research provides quantitative thermal 

data that can be utilized to develop effective solutions to 

enhance urban micro-scale thermal conditions in hot desert 

climate. The research findings offer a range of temperature 

differences that can be used to examine the impacts of different 

ground surface materials on the surface and air temperatures, 

from a microclimate standpoint. Using this passive approach of 

decreasing temperatures would improve air temperature and 

save energy by reducing the need for air conditioning and other 

artificial cooling methods. This research also highlighted 

critical data about how different urban ground materials varied 

in terms of surface and air temperatures, assisting urban 

planners and architectural designers in selecting suitable 

ground surface materials in terms of climatic considerations in 

the preliminary stages of landscape design.  

As a recommendation for future research, we propose 

conducting further research in a wide range of conditions, such 

as more neutral and cooler temperatures. Furthermore, more 

research is required to improve and modify ground materials 

characteristics, such as albedo and reflectance, by considering 

the relative contributions of various radiation components. 

Additionally, pavement attributes such as emissivity and 

reflection can be evaluated in association with pavement factors 

such as surface roughness. Lastly, the influence of the height 

above the pavement on the thermal environment is also vital to 

further investigate, our measurement was done only on the 

pedestrian level at a height of 1.5 m. 

6. ACKNOWLEDGMENTS 

This research is based upon work under the grant 

"German-Egyptian Research Fund" (GERF4), ID: 23022 and 

funded by the Science, Technology, and Innovation Funding 

Authority (STDF). 

REFERENCES 

[1] Y. Shimazaki, M. Aoki, J. Nitta, H. Okajima, and A. Yoshida, 

"Experimental determination of pedestrian thermal comfort on water-

retaining pavement for uhi adaptation strategy," Atmosphere, Article 
vol. 12, no. 2, pp. 1-7, 2021, Art no. 127, doi: 

10.3390/atmos12020127. 

[2] T. R. Oke, "The energetic basis of the urban heat island," Quarterly 
Journal of the Royal Meteorological Society, vol. 108, no. 455, pp. 1-

24, 1982. 

[3] A. Guo, J. Yang, X. Xiao, J. Xia, C. Jin, and X. Li, "Influences of 
urban spatial form on urban heat island effects at the community level 

in China," Sustainable Cities and Society, vol. 53, p. 101972, 

2020/02/01/ 2020, doi: https://doi.org/10.1016/j.scs.2019.101972. 
[4] X. Chen and S.-J. Jeong, "Shifting the urban heat island clock in a 

megacity: A case study of Hong Kong," Environmental Research 

Letters, vol. 13, no. 1, p. 014014, 2018. 
[5] J. Cao, W. Zhou, Z. Zheng, T. Ren, and W. Wang, "Within-city spatial 

and temporal heterogeneity of air temperature and its relationship with 

land surface temperature," Landscape and Urban Planning, vol. 206, 

p. 103979, 2021. 

[6] R. C. Estoque, Y. Murayama, and S. W. Myint, "Effects of landscape 

composition and pattern on land surface temperature: An urban heat 
island study in the megacities of Southeast Asia," Science of the Total 

Environment, vol. 577, pp. 349-359, 2017. 

[7] D. Athukorala and Y. Murayama, "Spatial Variation of Land 
Use/Cover Composition and Impact on Surface Urban Heat Island in 

a Tropical Sub-Saharan City of Accra, Ghana," Sustainability, vol. 12, 

no. 19, p. 7953, 2020. 
[8] J. A. Voogt and T. R. Oke, "Thermal remote sensing of urban 

climates," Remote sensing of environment, vol. 86, no. 3, pp. 370-384, 

2003. 
[9] T. Oke, G. Johnson, D. Steyn, and I. Watson, "Simulation of surface 

urban heat islands under ‘ideal’conditions at night part 2: Diagnosis 

of causation," Boundary-layer meteorology, vol. 56, no. 4, pp. 339-
358, 1991. 

[10] M. Santamouris, Energy and climate in the urban built environment. 

Routledge, 2013. 

[11] Y. Makido, D. Hellman, and V. Shandas, "Nature-based designs to 

mitigate urban heat: The efficacy of green infrastructure treatments in 

Portland, Oregon," Atmosphere, vol. 10, no. 5, p. 282, 2019. 
[12] E. Erell, D. Pearlmutter, D. Boneh, and P. B. Kutiel, "Effect of high-

albedo materials on pedestrian heat stress in urban street canyons," 

Urban Climate, vol. 10, pp. 367-386, 2014. [Online]. Available: 
https://projects.iq.harvard.edu/files/understanding_differential_expos

ures/files/erell_2014_-_effect_of_high-

albedo_materials_on_pedestrian_heat_stress_in_urban_street_canyo
ns.pdf. 

[13] H. Li, J. Harvey, and A. Kendall, "Field measurement of albedo for 

different land cover materials and effects on thermal performance," 
Building and environment, vol. 59, pp. 536-546, 2013. 

[14] X. Xu, J. Gregory, and R. Kirchain, "The impact of surface albedo on 
climate and building energy consumption: review and comparative 

analysis," 2015. [Online]. Available: 

https://dspace.mit.edu/bitstream/handle/1721.1/105822/16-6158-
1.pdf?sequence=1. 

[15] Y.-F. Zhang, X.-P. Wang, Y.-X. Pan, and R. Hu, "Diurnal relationship 

between the surface albedo and surface temperature in revegetated 
desert ecosystems, Northwestern China," Arid Land Research and 

Management, vol. 26, no. 1, pp. 32-43, 2012. [Online]. Available: 

https://www.tandfonline.com/doi/pdf/10.1080/15324982.2011.63168
7?needAccess=true. 

[16] E. G. McPherson and J. Muchnick, "Effect of street tree shade on 

asphalt concrete pavement performance," Journal of Arboriculture, 
vol. 31, no. 6, p. 303, 2005. 

[17] H. Taha, S. Konopacki, and S. Gabersek, "Modeling the 

meteorological and energy effects of urban heat islands and their 
mitigation: a 10 region study," Lawrence Berkeley National 

Laboratory Draft Report LBNL-39335. Berkeley, CA, 1996. 

[18] A. Synnefa, T. Karlessi, N. Gaitani, M. Santamouris, D. 
Assimakopoulos, and C. Papakatsikas, "Experimental testing of cool 

colored thin layer asphalt and estimation of its potential to improve 

the urban microclimate," Building and Environment, vol. 46, no. 1, pp. 
38-44, 2011. 

[19] E. Ozelkan, S. Bagis, E. C. Ozelkan, B. B. Ustundag, M. Yucel, and 

C. Ormeci, "Spatial interpolation of climatic variables using land 
surface temperature and modified inverse distance weighting," 

International Journal of Remote Sensing, vol. 36, no. 4, pp. 1000-

1025, 2015. 

58

https://doi.org/10.1016/j.scs.2019.101972
https://projects.iq.harvard.edu/files/understanding_differential_exposures/files/erell_2014_-_effect_of_high-albedo_materials_on_pedestrian_heat_stress_in_urban_street_canyons.pdf
https://projects.iq.harvard.edu/files/understanding_differential_exposures/files/erell_2014_-_effect_of_high-albedo_materials_on_pedestrian_heat_stress_in_urban_street_canyons.pdf
https://projects.iq.harvard.edu/files/understanding_differential_exposures/files/erell_2014_-_effect_of_high-albedo_materials_on_pedestrian_heat_stress_in_urban_street_canyons.pdf
https://projects.iq.harvard.edu/files/understanding_differential_exposures/files/erell_2014_-_effect_of_high-albedo_materials_on_pedestrian_heat_stress_in_urban_street_canyons.pdf
https://dspace.mit.edu/bitstream/handle/1721.1/105822/16-6158-1.pdf?sequence=1
https://dspace.mit.edu/bitstream/handle/1721.1/105822/16-6158-1.pdf?sequence=1
https://www.tandfonline.com/doi/pdf/10.1080/15324982.2011.631687?needAccess=true
https://www.tandfonline.com/doi/pdf/10.1080/15324982.2011.631687?needAccess=true


 

EIJEST Vol.39 (2022) 49–59 

 

[20] H. Apaydin, F. K. Sonmez, and Y. E. Yildirim, "Spatial interpolation 

techniques for climate data in the GAP region in Turkey," Climate 

Research, vol. 28, no. 1, pp. 31-40, 2004. 
[21] J. Yang, Y. Wang, and P. August, "Estimation of land surface 

temperature using spatial interpolation and satellite-derived surface 

emissivity," Journal of Environmental Informatics, vol. 4, no. 1, pp. 
40-47, 2015. 

[22] R. Goldblatt, A. Addas, D. Crull, A. Maghrabi, G. G. Levin, and S. 

Rubinyi, "Remotely sensed derived land surface temperature (Lst) as 
a proxy for air temperature and thermal comfort at a small 

geographical scale," Land, Article vol. 10, no. 4, 2021, Art no. 410, 

doi: 10.3390/land10040410. 
[23] P. Ren, X. Zhang, H. Liang, and Q. Meng, "Assessing the impact of 

land cover changes on surface urban heat islands with high-spatial-

resolution imagery on a local scale: Workflow and case study," 
Sustainability, vol. 11, no. 19, p. 5188, 2019. 

[24] K.-S. Cheng, Y.-F. Su, F.-T. Kuo, W.-C. Hung, and J.-L. Chiang, 

"Assessing the effect of landcover changes on air temperatu× re using 
remote sensing images—A pilot study in northern Taiwan," 

Landscape and Urban Planning, vol. 85, no. 2, pp. 85-96, 2008. 

[25] K. C. Tan, H. Lim, M. MatJafri, and K. Abdullah, "Study on Land 
Surface Temperature Based on Landsat Image Over Penang Island, 

Malaysia," in 2009 Sixth International Conference on Computer 

Graphics, Imaging and Visualization, 2009: IEEE, pp. 525-529.  
[26] C. Xu, J. Wang, and Q. Li, "A new method for temperature spatial 

interpolation based on sparse historical stations," Journal of Climate, 
vol. 31, no. 5, pp. 1757-1770, 2018. 

[27] J.-M. Huang and L.-C. Chen, "A Numerical Study on Mitigation 

Strategies of Urban Heat Islands in a Tropical Megacity: A Case Study 
in Kaohsiung City, Taiwan," Sustainability, vol. 12, no. 10, p. 3952, 

2020. 

[28] J. Cheng, Q. Li, L. Chao, S. Maity, B. Huang, and P. Jones, 
"Development of high resolution and homogenized gridded land 

surface air temperature data: a case study over Pan-East Asia," 

Frontiers in Environmental Science, vol. 8, 2020. 
[29] J. Song, S. Du, X. Feng, and L. Guo, "The relationships between 

landscape compositions and land surface temperature: Quantifying 

their resolution sensitivity with spatial regression models," Landscape 
and Urban Planning, vol. 123, pp. 145-157, 2014. 

[30] F. Kong, H. Yin, P. James, L. R. Hutyra, and H. S. He, "Effects of 

spatial pattern of greenspace on urban cooling in a large metropolitan 
area of eastern China," Landscape and Urban Planning, vol. 128, pp. 

35-47, 2014. 

[31] J.-H. Eum, D. Scherer, U. Fehrenbach, and J.-H. Woo, "Development 
of an urban landcover classification scheme suitable for representing 

climatic conditions in a densely built-up Asian megacity," Landscape 

and Urban Planning, vol. 103, no. 3-4, pp. 362-371, 2011. 
[32] M. Yokohari, R. D. Brown, Y. Kato, and S. Yamamoto, "The cooling 

effect of paddy fields on summertime air temperature in residential 

Tokyo, Japan," Landscape and urban planning, vol. 53, no. 1-4, pp. 
17-27, 2001. 

[33] A. Addas, R. Goldblatt, and S. Rubinyi, "Utilizing Remotely Sensed 

Observations to Estimate the Urban Heat Island Effect at a Local 
Scale: Case Study of a University Campus," Land, vol. 9, no. 6, p. 191, 

2020. 

[34] F. Skoulika, M. Santamouris, D. Kolokotsa, and N. Boemi, "On the 
thermal characteristics and the mitigation potential of a medium size 

urban park in Athens, Greece," Landscape and Urban Planning, vol. 

123, pp. 73-86, 2014. 
[35] N. Mazhar, R. D. Brown, N. Kenny, and S. Lenzholzer, "Thermal 

comfort of outdoor spaces in Lahore, Pakistan: Lessons for 

bioclimatic urban design in the context of global climate change," 
Landscape and Urban Planning, vol. 138, pp. 110-117, 2015. 

[36] L. Shashua-Bar, D. Pearlmutter, and E. Erell, "The cooling efficiency 

of urban landscape strategies in a hot dry climate," Landscape and 
Urban Planning, vol. 92, no. 3-4, pp. 179-186, 2009. 

[37] L. Shashua-Bar and M. E. Hoffman, "Vegetation as a climatic 

component in the design of an urban street: An empirical model for 
predicting the cooling effect of urban green areas with trees," Energy 

and buildings, vol. 31, no. 3, pp. 221-235, 2000. 

[38] Y. Kim, S. M. An, J.-H. Eum, and J.-H. Woo, "Analysis of thermal 
environment over a small-scale landscape in a densely built-up Asian 

megacity," Sustainability, vol. 8, no. 4, p. 358, 2016. [Online]. 

Available: https://www.mdpi.com/2071-1050/8/4/358/htm. 
[39] Santi, S. Belinda, and H. Rianty, "Identification of surface and 

ambient temperature to review the potential green open space in urban 

area," in AIP Conference Proceedings, 2018, vol. 1977, no. 1: AIP 
Publishing LLC, p. 040025. [Online]. Available: 

https://aip.scitation.org/doi/pdf/10.1063/1.5042995. [Online]. 
Available: https://aip.scitation.org/doi/pdf/10.1063/1.5042995 

[40] S. Lee, J. Ha, and H. Cho, "Spatial and Temporal Effects of Built 

Environment on Urban Air Temperature in Seoul City, Korea: An 

Application of Spatial Regression Models," Journal of Asian 
Architecture and Building Engineering, vol. 16, no. 1, pp. 123-130, 

2017. 

[41] J. Brozovsky, N. Gaitani, and A. Gustavsen, "A systematic review of 
urban climate research in cold and polar climate regions," Renewable 

and Sustainable Energy Reviews, vol. 138, p. 110551, 2021. 

[42] S.-a. Tan and T.-F. Fwa, "Influence of pavement materials on the 
thermal environment of outdoor spaces," Building and environment, 

vol. 27, no. 3, pp. 289-295, 1992. 

[43] T. Sinsel, H. Simon, A. M. Broadbent, M. Bruse, and J. Heusinger, 
"Modeling the outdoor cooling impact of highly radiative “super cool” 

materials applied on roofs," Urban Climate, Article vol. 38, 2021, Art 

no. 100898, doi: 10.1016/j.uclim.2021.100898. 
[44] M. Pomerantz, B. Pon, H. Akbari, and S. Chang, "The Effect of 

Pavements' Temperatures on Air Temperatures in Large Cities, 

Lawrence Berkeley National Laboratory," LBNL-43442, 2000. 
[45] K. K. Guan, "Surface and ambient air temperatures associated with 

different ground material: a case study at the University of California, 

Berkeley," Environmental Science, vol. 196, pp. 1-14, 2011. [Online]. 
Available: 

https://nature.berkeley.edu/classes/es196/projects/2011final/GuanK_

2011.pdf. 
[46] L. Doulos, M. Santamouris, and I. Livada, "Passive cooling of outdoor 

urban spaces. The role of materials," Solar energy, vol. 77, no. 2, pp. 
231-249, 2004. 

[47] H. Mahmoud and A. Ragab, "Urban Geometry Optimization to 

Mitigate Climate Change: Towards Energy-Efficient Buildings," 
Sustainability, vol. 13, no. 1, pp. 1-1, 2020. 

[48] O. M. Galal, H. Mahmoud, and D. Sailor, "Impact of evolving 

building morphology on microclimate in a hot arid climate," 
Sustainable Cities and Society, vol. 54, p. 102011, 2020. 

[49] L. Mitas and H. Mitasova, "Spatial interpolation," Geographical 

information systems: principles, techniques, management and 
applications, vol. 1, no. 2, 1999. 

[50] D. J. Sailor, "Simulated urban climate response to modifications in 

surface albedo and vegetative cover," Journal of Applied Meteorology 
and Climatology, vol. 34, no. 7, pp. 1694-1704, 1995. 

[51] S. Falasca, V. Ciancio, F. Salata, I. Golasi, F. Rosso, and G. Curci, 

"High albedo materials to counteract heat waves in cities: An 
assessment of meteorology, buildings energy needs and pedestrian 

thermal comfort," Building and environment, vol. 163, p. 106242, 

2019. 
[52] D. Gachkar, S. H. Taghvaei, and S. Norouzian-Maleki, "Outdoor 

thermal comfort enhancement using various vegetation species and 

materials (case study: Delgosha Garden, Iran)," Sustainable Cities and 
Society, vol. 75, p. 103309, 2021. 

[53] A. Karimi, H. Sanaieian, H. Farhadi, and S. Norouzian-Maleki, 

"Evaluation of the thermal indices and thermal comfort improvement 
by different vegetation species and materials in a medium-sized urban 

park," Energy Reports, vol. 6, pp. 1670-1684, 2020. 

 

59

https://www.mdpi.com/2071-1050/8/4/358/htm
https://aip.scitation.org/doi/pdf/10.1063/1.5042995
https://aip.scitation.org/doi/pdf/10.1063/1.5042995
https://nature.berkeley.edu/classes/es196/projects/2011final/GuanK_2011.pdf
https://nature.berkeley.edu/classes/es196/projects/2011final/GuanK_2011.pdf

