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Abstract 

The urban heat island effect (UHIE) is a critical factor that augments the challenges of 

climate change. Its consequences on the wellbeing of citizens may be crucial for public health. 

Current health consequences due to heat can cause issues that range in severity but ultimately 

can lead to death. Previous studies showed that urban density contributes to the UHIE but lack 

policy guidance to mitigate the UHIE. They also employed different definitions of urban 

density and used specific parameters. This study investigates the effect of urban density on the 

UHIE within 5 neighborhoods in Rotterdam. Important aspects of urban density are horizontal 

and vertical density and land cover. The urban density of the studied neighborhoods is 

calculated based on their ambient address density (AAD). This discusses urban density by 

focusing on the number of addresses in a neighborhood. This study analyzed the association 

between quantitative data of neighborhood characteristics and air temperature within these 5 

Rotterdam neighborhoods. Geographical data was used to determine the boarders of the 

neighborhoods. Moreover, cartographic aspects were included to evaluate the level of greenery. 

potential confounders were considered for the model but did not show strong association. The 

results of the study show that AAD is associated with the air temperature, and therefore UHIE, 

in Rotterdam. Future research should employ a more comprehensive definition of urban density 

to address its complexity. This will facilitate the establishment of meaningful policies for 

Rotterdam and other cities to improve the public health of its citizens by mitigating UHIE.  

Keywords and abbreviations: Urban heat island effect (UHIE), urban density, Rotterdam, 

ambient address density (AAD) 
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1. Introduction 

The continuous growth of cities in The Netherlands causes the urban environment to 

face unique challenges that impact the health and well-being of their residents. One of these 

challenges is the urban heat island effect (UHIE), a phenomenon where urban areas, such as 

cities, experience higher temperatures than their rural surroundings due to factors like reduced 

vegetation and increased heat-absorbing surfaces (Nieuwenhuijsen, 2021). Rotterdam is known 

for its skyline and fast urbanization, something that can exacerbate the UHIE. These 

temperature rises due to climate change may severely affect the health of the population.  

High temperatures can cause heat stress and dehydration. This may result in dizziness 

or muscle cramps, nausea and vomiting, or headaches and cardiac strain. Dehydration can 

eventually lead to heat stroke which may permanently damage vital organs or lead to death. 

Furthermore, high temperatures may cause heat exhaustion, which is fatal when treatment is 

delayed (Mueller et al., 2024). Heat associated health problems should be treated by removing 

the patient from heat. However, in an environment that continues to increase in temperature, 

this option may not be a viable long-term solution. Therefore, it is important to address how 

this urban heat can be battled at a policy level, instead of focusing on treating individuals or 

groups of patients affected by it.  

Since the UHIE can exacerbate these health issues, addressing the root causes of urban 

heat exposure is important to enable mitigation of UHIE. Therefore, it is relevant to assess 

which aspects of cities contribute to UHIE. Urban density is a strong determinant of UHIE 

Mohajerani et al., 2017). High-density areas often have increased surface temperatures, 

reduced airflow, and trap more heat that intensifies the UHIE (Mohajerani et al., 2017). 

Rotterdam contains densely populated neighborhoods that make the inhabitants vulnerable to 

these consequences. As temperatures rise, these vulnerable populations in Rotterdam may face 

disproportionate health consequences.  

Formatted: Highlight
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The rising temperatures are driven by climate change. Climate change can cause longer 

and more intense heatwaves in the near future (Zhao et al., 2017). This means that the 

population of urban areas will have to carry the consequences of not only the UHIE, but also 

the additional heat stress from the heatwaves (Ward et al., 2016). The interaction between the 

UHIE and heat waves is argued to be significantly intertwined. When a heat wave occurs, the 

UHIE increases more strongly (Zhao et al., 2017). Given these risks, it is crucial to investigate 

how the structural layout of Rotterdam and its specific urban density contribute to elevated 

temperatures and the UHIE. Therefore, I composed the research question: How does urban 

density influence the urban heat island effect in heatwaves in Rotterdam?  

With this research, this study aims to explore how the urban density in Rotterdam 

influences the city’s air temperature and how this contributes to the UHIE. Examining this 

association will provide insights how urban planning and public health policies can include 

mitigation of UHIE risk factors. By understanding how urban environments affect local air 

temperatures, vulnerable areas can be identified and changes such as the alteration of building 

materials can be implemented. These changes can effectively mitigate the UHIE.  

2. Literature review 

2.1 Urban heat island effect 

The UHIE is defined as ‘a heat accumulation phenomenon, which is the most obvious 

characteristic of urban climate caused by urban construction and human being activities’ (Yang 

et al., 2016, p. 45). Rising temperatures within urban environments retain heat through the lack 

of evapotranspiration. This can be caused by a shortage of greenery and an overflow of 

buildings, roads, and sidewalks that ‘keep’ the heat (Vujovic et al., 2021). This remaining 

captured heat can temper with air quality and air flow which can negatively affect the health of 

residents from the area. There is a distinction between surface and atmospheric UHIE.  This 
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research will focus on the atmospheric UHIE, the difference in air temperature between an 

urban area and its surrounding green area (van der Hoeven et al., 2018). Atmospheric UHIE 

has a circadian rhythm, varying between day and night.  During night, just after dusk the 

difference is highest (van der Hoeven et al., 2018).  

UHIE may be caused by different factors. Hypothesized causes of UHIE are air 

pollution, urban energy balance, surface albedo (reflection), and urban density. Research has 

shown that an increase of air pollutant concentrations for O3 (ozone) increases the UHIE (Wang 

et al., 2021). Paradoxically, other air pollutants such as PM2.5 help to lower the surface 

temperature due to their ability to absorb long-wave radiation. Urban energy balance refers to 

the anthropogenic heat production in urban environments. This contributes to the UHIE as the 

cooling of buildings will radiate heat that is retained in the city (Shahmohamadi et al., 2011). 

The surface albedo is a measure for the proportion of light a surface reflects back into the 

atmosphere, where a high albedo indicates that all light is reflected back. A low surface albedo 

contributes to the UHIE as heat is not reflected but retained and drives up temperatures (Morini 

et al., 2016). An important cause of UHIE is the urban density, which is defined as a measure 

of human occupation. This measure of human occupation differs per residential area and may 

be recognized by urban planning.  

2.2 Rotterdam 

The urban planning in Rotterdam is characterized by its dense population and high level 

of urban density (Bakker, 2018). The city is filled with compact vertical development and 

extensive use of concrete and asphalt. While this might aid the growing population of 

Rotterdam in their daily use of infrastructure, it reduces the natural cooling benefits that 

vegetation would normally perform. It also increases the absorption and retention of heat by 

artificial surfaces (Van Hove et al., 2015). Moreover, in Rotterdam’s planning of transportation, 

urban functionality is prioritized over ecological use (Nieuwenhuijsen, 2021). The resultant 
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lack of vegetation amplifies the heat stress in densely populated neighborhoods. Therefore, it 

is important to take urban density into consideration in urban planning to potentially mitigate 

the UHIE. The urban planning strategies and building projects in Rotterdam aim to increase 

green areas and continue to develop high-rise buildings (Municipality of Rotterdam, n.d.). By 

increasing green areas, Rotterdam shows that it focusses on ‘cooling down the city’ and 

addressing the UHIE. However, it remains uncertain to what extent urban density is currently 

integrated into policies. While addressing the UHIE with inclusion of green spaces is 

beneficial, additional aspects of urban density may be taken into consideration for a 

comprehensive approach towards the UHIE. 
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Figure 1 The urban heat island effect in 2017 in the Greater Rotterdam Area (Kaartviewer - 

Klimaateffectatlas, n.d.; Rijksinstituut voor Volksgezondheid en Milieu [RIVM], 2020) 

In Figure 1 the UHIE in Rotterdam is visualized by the Dutch governmental institution ‘Atlas 

Natuurlijk Kapitaal’ (Atlas Natural Capital) in cooperation with the Climate Impact Atlas. It 

shows the area of Rotterdam that struggles with increased heat compared to its surrounding 

rural areas and therefore suffers from an UHIE. To understand how this UHIE might be related 

to urban density, the following section explores the concept of urban density in more detail and 

addresses its different dimensions.  

2.3 Urban density 

Urban density is an important factor that influences UHIE when it comes to climate 

change, heat, and the retention of heat in this urban environment (Li et al., 2020).  Hess defined 

urban density as “the degree of concentration or compactness of people or development in a 

city” (p. 1554, 2014). Building density and a combination of population density and land cover 

affect heat retention. Within building density, there is horizontal and vertical density. 

Horizontal density is the concentration of buildings within an area of measurement, vertical 

density is the concentration of building upwards on existing structures instead of new structures 

(Al-Kodmany, 2012). When an area with high vertical density also has high horizontal density, 

microenvironments of buildings affect each other. The shadows, building structure and street 
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canyons can thus affect heat retention on larger scales and contribute to the UHIE (Nugoho et 

al., 2020). Findings in Hong Kong have shown that areas with high-rise buildings with high 

horizontal density can increase the UHIE (Giridharan et al., 2004). However, Hong Kong 

differs from Rotterdam in influential UHIE factors such as altitude or urban structure, which 

raises the question if these results are generalizable.  

 Land cover refers to biophysical attributes of the earth’s surface and urban morphology. 

A study done in Bogota, Colombia includes the spatial dimension of urban elements and 

population density to understand the contribution of land cover and urban form to the UHIE 

(Ramírez-Aguilar & Souza, 2019).  Results showed that the UHIE increases with denser land 

cover (Ramírez-Aguilar & Souza, 2019). Land cover combined with population density 

addresses more aspects of urban density than building density. However, Rotterdam and Bogota 

differ significantly in urban characteristics and population density, which makes it difficult to 

extrapolate these results.  

To address how the population density and urban morphology of Rotterdam might 

explain differences in air temperatures between neighborhoods, population factors should also 

be considered. The population aspect of urban density is addressed by the ambient address 

density (AAD). AAD is “the average amount of addresses per squared kilometer within a circle 

with a radius of one kilometer” (CBS, 2022). By using addresses as parameter, AAD aims to 

combine population and building density.  In contrast, a Japanese study defined ambient 

population density, a slightly different parameter, as ‘the spatial population density that takes 

daytime movements and collective travel habits into account’ (Roiradtanasari et al., 2024). This 

focuses more on day-to-day interaction of Japanese people and their distribution, while AAD 

focuses on building density as well by looking at the number of addresses. AAD aims to reflect 

the concentration of human activities within a certain area including all human activities, such 
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as living, working, and going to school. Thus, urban density incorporates a high level of 

complexity, reflecting building density and morphology, land cover and population density.  

Based on the information above, this study will test the null and alternative hypothesis 

for the research question “How does urban density influence the urban heat island effect in a 

heatwave in various neighborhoods in Rotterdam”? by looking at AAD and air temperatures 

throughout various neighborhoods in Rotterdam. The null hypothesis states that ore urban 

density (reflected by AAD) does not influence the air temperature and thereby the UHIE, while 

the alternative hypothesis states that urban density increases the air temperature and therefore 

the urban UHIE in Rotterdam.  

3. Methodology  

3.1 Study design 

A natural experiment approach is applied with a focus on one specific heatwave in 

Rotterdam. The heatwave was present from August 9th to August 16th in 2022, creating an 

observation period of eight days (KNMI – Augustus 2022, n.d.).   

3.2 Data sources 

3.2.1 Air temperature data 

Air temperature data was collected from TU Delft’s weather station network. The 

network was originally used for rainfall research in urban areas, but measurements contained 

data on air temperature as well. Only five weather stations (Capelle, Delfshaven, Ommoord, 

Oost, Spaanse Polder) out of the 16 existing weather stations had usable data. Other stations 

were excluded due to missing data regarding the measurement period, relocation of the weather 

station, or because they were not a part of municipality of Rotterdam. Each station’s 
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coordinates were verified to match corresponding neighborhoods via the PDOK (Publieke 

Dienstverlening Op de Kaart) viewer using CBS-defined area boundaries. 

The weather stations are located on Roofs of residential buildings in their neighborhood 

and differ slightly in their microenvironment. As detailed in appendix A, the weather stations 

differ in their microenvironment due to their locations. The shade and immediate surroundings 

of the weather stations, as well as their position towards the sun are factors that could influence 

measurement results. These potential measurement biases will be acknowledged in the 

limitations section and discussed in relation to the internal validity of the data.  

3.2.2 Urban density data 

Data regarding urban density was retrieved from the Central Bureau of Statistics (CBS) 

from dataset “Kerncijfers Wijken en Buurten 2022”. From CBS’s dataset, obtained variables 

that were relevant regarding urban density were included in the dataset (total surface area, total 

water surface area, number of vehicles, AAD) 

3.2.3 Geographical data 

Geographical data was retrieved from PDOK to categorize the corresponding weather 

stations with neighborhood in CBS. TU Delft assigned names to its weather stations that do 

not correspond with their prospective neighborhood by the classification of the CBS. To 

prevent confusion in data analysis, the name of the weather station was linked to its 

corresponding CBS residential area. During data analysis, the name that TU delft assigned to 

the weather stations was used to describe the residential area (appendix B).  In Figure 2, an 

outline of each neighborhood is presented. 
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Figure 2 cartographic display of the five neighborhoods. A. Spaanse Polder, B. Oost, C. 

Delfshaven, D. Ommoord, E. Capelle (adapted from PDOK).  

3.2.4 Cartographic data 

Since no data was available in the CBS dataset regarding level of greenery, cartographic 

data from PDOK was used to retrieve information on the level of greenery for each 

neighborhood in Rotterdam.  
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Figure 3 cartographic data from PDOK (Publieke Dienstverlening Op de Kaart) displaying the 

percentage of greenery in Rotterdam for the studied neighborhoods. A. Spaanse Polder, B. 

Oost, C. Delfshaven, D. Ommoord, E. Capelle.  

3.3 Statistics 

3.3.1 Independent variable 

Air temperature in degrees Celsius was used to measure UHIE. Previous literature 

indicated that measurements after dusk are more stable and better reflect the UHIE. Therefore, 
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daily data on air temperature measured at 22:00 during the heatwave was used, creating a 

sample size of 40 temperature measurements.  

3.3.2 Dependent variable  

The urban density is measured with CBS’s ambient address density (AAD). The AAD 

differs per neighborhood and is expressed in average number of addresses per squared 

kilometer within a radius of one kilometer on January 1st of 2022. The neighborhood and its 

corresponding AAD value can be found in the table below: 

Table 1 ambient address density per neighborhood (CBS, 2022). 

neighborhood Ambient address density 

Capelle 2899 

Delfshaven 5066 

Oost 2039 

Ommoord 2931 

Spaanse polder 1486 

 

3.3.3 Potential confounders 

Potential confounders for the air temperature and AAD are measurements that are 

correlated with the AAD and are related to air temperature. Potential confounders that could 

influence both variables are: level of greenery, (it could determine how many addresses can be 

created within an area and helps in cooling temperatures as well), number of vehicles (a higher 

number of addressed would mean more vehicles would be present for transportation and air 

temperatures are influenced by emissions), the total surface area (this can determine the number 

of addresses and influence air temperature with heat absorption and reflection rate), and the 

total surface area of water (this influences AAD as less addresses can be build when more water 

bodies are present and the presence of water bodies influence the air temperatures). Linear 
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Regression between the independent variable and potential confounders were performed to 

determine if significant potential confounders could be included into the model. The definitions 

and description of these confounding variables can be found in appendix C. 

3.4 Statistical analysis 

IBM SPSS Statistics 28 was used to perform statistical analysis. This is grouped into 

two phases: preparatory analysis and hypothesis testing.  

3.4.1 Preparatory analysis 

The data on AAD violates the assumption of normality. Therefore, one-way ANOVA 

could not be used. Instead, A non-parametric t-test was performed to determine if AAD differs 

significantly between neighborhoods. A graph was created to visualize the difference in 

temperature over five days for each neighborhood. To determine if there was a statistically 

significant difference in mean temperature between neighborhoods, ANOVA test was used. To 

determine if the samples were independent, the assumptions of ANOVA were tested. Normality, 

homogeneity and outliers were tested. When no violation of assumptions was established, the 

one-way ANOVA test was performed. The potential confounding variables were tested to be 

significant with linear regression of the independent variable to determine whether or not they 

should be included in the model.  

3.4.2 Hypothesis testing 

After preparatory analysis was performed, two models were made, an unadjusted model 

(model 1:  simple linear regression for the influence of AAD on air temperature) and an 

adjusted model to consider potential confounders (Model 2: multiple linear regression for the 

influence of AAD on air temperature, including potential confounders as control variables).  
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4. Results 

4.1 Preparatory analysis 

The difference in AAD between the five neighborhoods was tested to evaluate if it was 

statistically significant. A non-parametric t-test (Kruskal-Wallis test) was used. The differences 

between Capelle (20.50), Oost (12.50), Ommoord (28.50), Delfshaven (36.50), and Spaanse 

polder (4.50) were statistically significant, H (4, n=40) = 39.000, p<0.001.  

Table 2 Kruskal-Wallis test on ambient address density. 

Test Statisticsa,b 
 ambientaddressdensity 

Kruskal-Wallis H 39.000 

df 4 

Asymp. Sig. <.001 

a. Kruskal Wallis Test 
b. Grouping Variable: neighborhood_recode 

 
Subsequently, the temperature of the five neighborhoods was plotted over the eight-day 

observation period (Figure 4).  
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Figure 4 Graph of mean daily temperature at 8 days during the heatwave for each 

neighborhood. 

On inspection, differences are visible. These were tested with a one-way ANOVA test (table 2). 

The one-way ANOVA test showed that the effect of neighborhoods on air temperatures was 

not statistically significant. F (4,35) = 2.513, p = 0.059. The results of the Shapiro-Wilk tests, 

Levene’s test, and outliers test to meet assumptions for one-way ANOVA can be found in 

appendix D. 

Table 3 one-way ANOVA test of the effect of neighborhoods on air temperature. 

ANOVA 
temperature   

 
Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 

29.240 4 7.310 2.513 .059 

Within Groups 101.822 35 2.909   

Total 131.062 39    
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4.2 Hypothesis testing 

Model 1 examined the association between AAD and air temperature in five 

neighborhoods (Capelle, Oost, Ommoord, Delfshaven, and Spaanse Polder). The average AAD 

was 2884.2 (SD = 1234.71) and the average temperature within the sample was 21.49 degrees 

Celsius (SD = 1.83). 

Model 1: a simple linear regression of the effect of AAD on air temperature. 

 Linear regression of model 1 revealed a statistically significant model since F (1,38) = 

8.665, p = 0.006. with an adjusted R2 of 0.164. This suggests that AAD accounts for about 

16.4% of the variance in air temperature among the sampled neighborhoods. The regression 

coefficient for AAD was found to be 0.001, implying that for an increase of one unit in AAD, 

the air temperature rises with 0.001 degrees Celsius. This effect is found to be statistically 

significant (t (38) =2.944, p = 0.006). 

Table 4 coefficient table on linear regression of ambient address density on air temperature 

 

Coefficientsa 

Model 

Unstandard
ized 

Coefficient
s 

Stand
ardize

d 
Coeffi
cients 

t Sig. 

Correlations 
Collinearity 
Statistics 

B 

Std. 
Err
or Beta 

Zero-
order Partial Part 

Toleran
ce VIF 

1 (Const
ant) 

19.64
1 

.68
1  

28.8
60 

<.001 
     

ambie
ntaddr
essde
nsity 

.001 .00
0 

.431 2.94
4 

.006 .431 .431 .43
1 

1.000 1.00
0 

a. Dependent Variable: temperature 
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model 2: multiple linear regression for the influence of ambient address density on air 

temperature, including total water surface area as control variable.  

To perform multiple linear regression for the influence of AAD on air temperature, several 

confounders were explored. For level of greenery, the map in Figure 2 shows that the 

percentage of greenery in the subject neighborhoods differs less than 10% between 

neighborhoods. Therefore, it can be argued that it is not a potential confounder. The number of 

vehicles (t (35) =0.045, p=0.964), total surface area (t (35) =-0.740, p=0.464) and total water 

area (t (35) =-4.179, p<0.001) are all statistically insignificant results (appendix E). Since none 

of the confounders were associated with AAD, this multiple linear regression model was not 

further pursued.  

5. Discussion 

This study investigated the effect of urban density on the urban heat island effect in 

Rotterdam by analyzing data on air temperature in a heatwave for five different neighborhoods 

with differing AAD. The analysis demonstrated a statistically significant effect of considerable 

impact: an increase of 1000 in AAD is associated with a rise of 1 degree Celsius. The findings 

of this study align with prior research as it suggests that higher urban density increases the 

UHIE (Li et al., 2020).  

 While model 1 has shown a significant effect, certain limitations should be considered. 

Firstly, the used dataset consisted of a small sample size and missed data on level of greenery. 

having an unmeasured confounder can reduce the internal validity of the study. The dataset 

offered AAD as measure for urban density, but in its definition AAD overlaps with other 

variables and may not give these enough weight. A logical link could be made by theorizing 

that a higher AAD would indicate a larger population density and larger surface area for a 

neighborhood, as there is more ‘room’ for more addresses. However, the AAD specifically 
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focuses on the number of addresses and therefore may not always consider including aspects 

of urban density, such as traffic density. Another challenge with the dataset was the inability to 

perform repeated measures ANOVA. The air temperature could not be evaluated in a time series 

model due to challenges with analyzing time series in SPSS. This would have strengthened the 

power of the study.  

Secondly, the microenvironmental factors that can influence the degree of heat retention 

per measurement station are important to consider. Their position towards the sun or their 

shelter from wind could bias the measurement results. However, since all weather stations were 

placed on rooftops within residential areas (see appendix A), their elevation was relatively 

consistent, and urban setting could be considered to therefore cause minimal variation. For 

future studies it may still be interesting to include the microenvironment of the weather stations 

to increase internal validity. This provides a more comprehensive picture of explaining the air 

temperature measurements.  

Thirdly, the number of neighborhoods included in the study was limited, due to the 

dataset on air temperature from TU Delft. This influences the statistical power of the model. 

Neighborhoods with very low or high AAD, such as Centrum (6306) and Ridderkerk (1749) 

would have been very interesting to include. However, Centrum contained no data on air 

temperature during the heatwave and Ridderkerk was relocated during the measurement period. 

Moreover, neighborhoods such as Lansingerland would also be very interesting to include as 

they are located in the greater area of Rotterdam, which defines the boundary of the UHIE. 

Unfortunately, Lansingerland is not part of the municipality of Rotterdam and therefore data 

was not accessible. For future studies, researching the UHIE including boundaries or areas 

located just beyond the municipality borders could create an interesting contrast and increase 

the power of the analysis. This would help to explain the UHIE on a more comprehensive scale.  
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Lastly, even though there is a statistically significant effect between AAD and air 

temperature, it only explains 16.4% of the variation in air temperature. This is evident from 

figure four, where the temperature of Spaanse Polder deviates on Oost and Ommoord on day 3 

and 4. These deviations could be explained by factors not accounted for by AAD that may 

influence air temperature such as traffic intensity, change in wind direction, or heat radiation 

from the cooling of offices, which only occurs on weekdays. Strikingly, temperatures drop on 

day five (a Saturday) in four of the five neighborhoods (less home-work traffic and no heat 

radiation from office cooling). The fact that temperatures rise on day six (a Sunday) illustrates 

that weekdays are only part of the explanation, and meteorological factors such as cloudiness 

and wind may play an important role. This suggest that future studies could provide more in-

depth research on these factors.  Moreover, the feasibility and efficacy of mitigating 

interventions for the UHIE should be the subject of future studies.  

As this study shows the important effect of the urban density on air temperatures and 

therefore the UHIE, this bears implications for practice and policy. Improving urban planning 

is important for the wellbeing of Rotterdam citizens. Urban planning policies should give a 

higher priority to factors that are known to reduce heat such as increasing the level of greenery. 

Nevertheless, policies should apply a comprehensive approach to address multilevel 

interventions to combat the UHIE. Studies found that reflective surfaces, vegetation, and urban 

layout of buildings are all important strategies in reducing heat (Han et al., 2022). Dependent 

on climate characteristics of an urban environment, one aspect might be more influential than 

the other. Studies found that using reflective pavements for instance may be more influential 

in building morphology when the height to width ratio of buildings is lower (Qin, 2015). By 

combining these climate dependent factors together and considering the AAD, policies could 

create neighborhoods in Rotterdam that are a cooler place and more habitable to live in with 

ongoing climate change. 
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6. Conclusion 

This study set out to determine whether urban density influences the UHIE in 

Rotterdam in a heatwave. The data included temperature measurements during a heatwave and 

the AAD of the city from five neighborhoods. To answer the research question: how does urban 

density influence the UHIE in Rotterdam in a heatwave? The results suggest that AAD has a 

significant effect on the air temperatures in a heatwave in Rotterdam. For future studies, it 

could be interesting to approach urban density on a comprehensive basis to include all of its 

aspects and provide a stronger result for the UHIE to identify its underlying causes. By 

adjusting policies towards these findings, citizens in Rotterdam can live in a cooler 

environment to protect their health.  
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Appendix 

Appendix A: 

Pictures of weather stations 

 

Figure 5 Photo of weather station Spaanse polder 
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Figure 6 photo of weather station Delfshaven 
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Figure 7 photo of weather station Oost 
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Figure 8 photo of weather station Ommoord 

 

Figure 9 photo of weather station capelle 

Appendix B 

Name and corresponding coordinates of weather stations and their corresponding CBS 

neighborhood 

Table 5 weather stations and corresponding locations and neighborhoods 

Name weather 
station (TU Delft) 

address coordinates Neighborhood 
name (CBS) 

Delfshaven Watergeusstraat 230, 
3025HX, Rotterdam 

51.90506, 4.44618 Delfshaven 

Capelle Gemaal Reigerlaan, 
2903TS, Capelle aan 
den Ijssel 

51.92746, 4.58506 Middelwatering-
Oost 

Oost Ringvaartweg 152, 
3065AE, Rotterdam  

51.92530, 4.54767 ‘s-Gravenland 

Ommoord Fioringras 2, 
3068PE, Rotterdam 

51.95842, 4.54745 Ommoord 

Spaanse Polder Groothandelsmarkt 
154, 3044HE, 
Rotterdam 

51.93245, 4.41623 Spaanse Polder 
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Appendix C 

Definitions of variables included in the dataset that were not included in final regression but 

were used in analysis to determine potential confounders: 

Total surface area is determined by using total surface area, which is defined as the sum of 

water surface area and land surface area. For water surface area, bodies of water are included 

when they are wider than six meters and larger than one hectare. For this, the land use data 

from 2017 is used as well. Number of vehicles includes all motor vehicles (including personal 

cars, business car and motoric two-wheelers) that were registered on January 1st are included. 

Important to note is that only vehicles that are licensed with insurance to participate in traffic 

are registered in the database. 

Appendix D 

Testing assumptions of one-way ANOVA 

Normal distribution assumption: 

Shapiro-wilk tests are performed to determine normal distribution of temperatures per 

neighborhood. The distribution of air temperature for Capelle W (8) =0.981, p=0.969 is 

statistically insignificant. Delfshaven’s air temperature distribution is statistically insignificant 

since W (8) =0.946, p=0.669. the distribution of air temperature in Ommoord W (8) =0.981, 

p=0.969 is statistically insignificant. The distribution of air temperature in Oost W (8) =0.964, 

p=0.846 is statistically insignificant. The distribution of air temperature in Spaanse Polder W 

(8) =0.910, p=0.351 is statistically insignificant. Based on this outcome, it is shown that the air 

temperature is normally distributed, and the assumption is met. 
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Table 6 normality tests for neighborhood temperature distributions. 

 

Tests of Normality 
 

neighborhood_re
code 

Kolmogorov-Smirnova Shapiro-Wilk 
 Statisti

c df Sig. 
Statisti

c df Sig. 

temperatu
re 

capelle .128 8 .200* .981 8 .969 

delfshav .166 8 .200* .946 8 .669 

ommoord .124 8 .200* .981 8 .969 

oost .194 8 .200* .964 8 .846 

spapol .204 8 .200* .910 8 .351 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Homogeneity assumption:  

Levene’s test for homogeneity of variances was found to be met, as F (4,35) = 1.553, p=0.209 

is statistically insignificant. Therefore, the assumption of homogeneity of variances is met.  

Table 7 Levene’s test for homogeneity of variances on temperature measurements. 

Tests of Homogeneity of Variances 

 
Levene 
Statistic df1 df2 Sig. 

temperatur
e 

Based on Mean 1.553 4 35 .209 

Based on Median 1.492 4 35 .226 

Based on Median and 
with adjusted df 

1.492 4 31.002 .229 

Based on trimmed 
mean 

1.559 4 35 .207 

 
Outliers assumption: 

Figure 10 shows a boxplot on the temperature measurements for the subjected neighborhoods; 

visual inspection shows that no outliers are present within the boxplot. This means that the 

assumption is met. 
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Figure 10 boxplot on outliers in sample per neigborhood.  

 

Appendix E 

Testing confounders for the effect of AAD on air temperature gave the following results. 

Linear regression of potential confounders independent variable was performed to determine 

their confounding factor. For total surface area, the dependent variable was used as well. As 

can be seen in table 8 and 9, the effect is statistically insignificant between number of vehicles 

(t (35) =0.045, p=0.964) and total water area (t (35) =0.560, p=0.579) with AAD. Total water 

surface area is statistically significant since (t (35) =-4.179, p<0.001) with AAD. However, in 

table 11 the results show a statistically insignificant effect (t (35) =-0.740, p=0.464) between 

total surface area and AAD. Since all results are statistically insignificant, the potential 

confounders are not included in the model as covariates.  
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Table 8 coefficient table to test for the potential confounder number of vehicles on ambient 

address density. 

 
Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standar
dized 

Coefficie
nts 

t Sig. 

Correlations 
Collinearity 
Statistics 

B 
Std. 
Error Beta 

Zero-
order 

Parti
al Part 

Toler
ance VIF 

1 (Cons
tant) 

2873.1
69 

313.31
2 

 
9.170 <.001 

     

vehicl
es 

.003 .062 .007 .045 .964 .007 .007 .007 1.000 1.000 

a. Dependent Variable: ambientaddressdensity 

 
 

Table 9 coefficient table to test for the potential confounder water surface area on ambient 

address density.  

 
Coefficientsa 

Model 

Unstandardize
d Coefficients 

Standa
rdized 

Coeffici
ents 

t Sig. 

Correlations 
Collinearity 
Statistics 

B 
Std. 
Error Beta 

Zero-
order 

Parti
al Part 

Toler
ance VIF 

1 (Constant) 2981.9
49 

263.24
1 

 
11.3

28 
<.00

1 
     

totalwatersur
faceareaha 

-.680 1.214 -.090 -
.560 

.579 -.090 -
.090 

-
.090 

1.00
0 

1.00
0 

a. Dependent Variable: ambientaddressdensity 
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Table 10 coefficient table to test for the potential confounder total surface area and ambient 

address density.  

 
Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standar
dized 

Coeffici
ents 

t Sig. 

Correlations 
Collinearity 
Statistics 

B 
Std. 
Error Beta 

Zero-
order 

Parti
al Part 

Toler
ance VIF 

1 (Constant) 3461.3
10 

214.16
2 

 
16.1

62 
<.00

1 
     

totaltotalsurf
aceareaha 

-8.413 2.013 -.561 -
4.17

9 

<.00
1 

-.561 -.561 -.561 1.000 1.00
0 

a. Dependent Variable: ambientaddressdensity 

 
Table 11 coefficient table to test for the potential confounder total surface area and air 

temperature.  

 
Coefficientsa 

Model 

Unstandardize
d Coefficients 

Standar
dized 

Coeffici
ents 

t Sig. 

Correlations 
Collinearity 
Statistics 

B 
Std. 
Error Beta 

Zero-
order 

Parti
al Part 

Toler
ance VIF 

1 (Constant) 21.668 .381 
 

56.8
09 

<.00
1 

     

totaltotalsurf
aceareaha 

-.003 .004 -.119 -.740 .464 -.119 -.119 -.119 1.00
0 

1.00
0 

a. Dependent Variable: temperature 

 
 

 


