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Abstract: This study utilizes a regional numerical weather model incorporating multilayer urban 
canopy parameterization alongside a building energy model (BEP + BEM) to examine the sensitivity 
of various urban parameters, including those defining urban materials and building environments, 
during a real-case heatwave event in the Chicago Metropolitan Area (CMA) in August 2023. The 
application of local climate zones further refines this analysis. Findings indicate that wall 
conductivity and ground albedo play significant roles in affecting urban near-surface temperatures. 
Conversely, alterations in other urban parameters are found to exert minimal influence on near-
surface temperatures throughout the heatwave. In terms of building energy consumption, the 
selection of the target indoor temperature emerges as a pivotal factor. While adjustments in 
ventilation rates also bear considerable effects, other variables appear to have a subdued impact on 
energy usage. Additionally, the marginal effect of wall emissivity on energy consumption highlights 
the intricate balance between different heat transfer mechanisms and the adaptive capacity of 
building heating and cooling systems. 

Keywords: urban parameters, microclimate, building energy consumption 
 

1. Introduction 

The flow of mass, energy, and momentum within the urban environment is widely 
acknowledged to be significantly influenced by the morphological features over urban areas, such as 
the geometry of buildings and the proportions of surfaces covered by green vegetation, as well as the 
physical characteristics of construction and paving materials [1-6]. Because it is the primary location 
of the interaction between urban structures and the atmosphere, it is therefore critical that we 
improve our understanding of the dynamics regulating this atmospheric layer. By affecting both 
thermal comfort and air quality, changes to the microclimate inside the urban canopy layer may have 
a substantial influence on the quality of urban settings [7-11]. More energy usage for the buildings' 
heating or cooling may also result from these modifications [12-16]. An increasing proportion of the 
world's population increasingly lives in cities, which highlights the significance of these 
developments and the need for targeted research into their effects [17-18]. 

In recent years, a plethora of research has advocated for various urban planning measures 
designed to counteract the adverse effects of urbanization, aiming to improve thermal comfort and 
reduce the energy requirements of buildings [19-25]. These studies have often focused on the efficacy 
of artificial roofing and other mitigation strategies at both the building and neighborhood levels [26-
28]. For instance, [26] noted a significant temperature discrepancy of up to 4℃ between areas with 
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dense vegetation and those within the Central Business District (CBD). Utilizing the Princeton Roof 
Model (PROM), [29] demonstrated the notable effectiveness of green roofs in lowering surface 
temperatures as well as reducing both outdoor and indoor heat fluxes during the summer months. 
Concurrently, other research has delved into the characteristics of urban environments themselves. 
[30] explored the potential of utilizing lighter-colored building materials to alleviate the Urban Heat 
Island (UHI) effect, thereby decreasing energy consumption for cooling, and reducing mortality rates 
linked to extreme temperatures. [20] discovered that a 50% increase in surface albedo could result in 
a 5% reduction in air conditioning energy usage during the summer in urban settings. 

Given the pronounced influence of surface variability on local microclimate dynamics and the 
focus of extant research predominantly on isolated scales—either individual buildings or 
neighborhoods—it presents a challenge to infer the benefits of mitigation strategies implemented at 
these levels to broader urban contexts. Factors such as the composition of building materials, urban 
surface characteristics, and energy gains from buildings, along with the heterogeneity in building 
heights and their spatial distribution, are all recognized as critical to the interplay between urban 
fabric and the ambient atmosphere. Yet, certain studies [31] have narrowed their scope to singular 
aspects of this complex interaction. Additionally, previous research has utilized the numerical 
models to investigate the nuanced dynamics governing urban microclimates and their influence on 
building energy demands [32-35]. Notwithstanding, a substantial portion of these investigations have 
predominantly engaged in idealized experimentation, adopting oversimplified urban configurations 
and uniform atmospheric conditions. While such methodologies contribute to a foundational 
understanding and serve as benchmarks, they invariably lack in capturing the multifaceted and 
variable nature inherent to real urban settings. In departure, the present study employs the Weather 
Research and Forecasting (WRF) model within the framework of a case study and simulates the 
sensitivity of the model to a range of physical building characteristics and the environment. We 
anticipate that this approach yields insights with immediate relevance to the urban environment 
under a realistic heat wave scenario. The case study helps in linking the urban microclimate and its 
interaction with energy consumption in buildings. The structure of the manuscript is as follows: 
Section 2 details the methodology, data, and model employed. Section 3 presents the findings, while 
Section 4 offers a summary and draws conclusions. 

2. Methodology and Data 

2.1. Modeling System and Its Landuse Data 

This study assesses the influence of various urban parameters on near-surface temperature and 
building energy consumption through the application of a multi-layer building parameterization 
scheme integrated within a regional climate model. The simulations were conducted using the 
Weather Research and Forecasting (WRF) model, version 4.4.2 [36], a non-hydrostatic and fully 
compressible model. The version of the model incorporates the Building Effect Parameterization and 
the Building Energy Model (BEP+BEM, [31], [37], [38]) to simulate the urban environment. 

To accurately quantify the physical processes within the Chicago Metropolitan Area (CMA), a 
comprehensive representation of the urban geometry is essential. Accordingly, an integrated spatial 
model based on Local Climate Zones (LCZs), as proposed by [39], was developed for this 
investigation. This methodology has been previously applied in numerous studies [40-45], with Foley 
compiling the LCZ database for the Chicago Metropolitan Area (CMA), which differentiates the 
Chicago metropolitan region into 11 LCZs. 

2.2. Model Set-Up and Experiment Design 

The Weather Research and Forecasting (WRF) model was utilized to simulate atmospheric 
conditions over the CMA and its adjacent rural regions. The simulation employed three nested 
domains with differing resolutions: the first domain featured 307 × 307 grid points with a 4.5 km grid 
spacing, the second had 304 × 301 grid points with a 1.5 km spacing, and the third also contained 304 
× 301 grid points but with a finer spacing of 500 m (referenced in Figure 1). The model ran for a 
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duration of 36 hours, starting from 1200 Local Standard Time (LST) on 08/23/2023 and concluding at 
0600 LST on 08/25/2023. To ensure that the results are not biased due to non-representative low 
resolution initial conditions, the initial 12 hours of the simulation were disregarded, with the 
subsequent 24 hours analyzed for sensitivity. 

Initial and boundary conditions were derived from the High-Resolution Rapid Refresh (HRRR) 
model, which provides updates every hour and features a 3 km resolution. The simulation 
incorporated the unified Noah land-surface model [46] for land-surface processes, the Mellor-
Yamada-Janjic scheme [47] for the planetary boundary layer, the WRF Single Moment 6 class scheme 
[48] for microphysics, the Dudhia scheme [49] for shortwave radiation, the Rapid Radiative Transfer 
Model [50] for longwave radiation, and the Monin-Obukhov-Janjic scheme [51] for the surface layer. 
The cumulus parameterization was omitted from the simulation. The model's vertical structure was 
defined by 51 eta levels, ranging from the surface up to 100 hPa, with 38 levels positioned below 2 
km to adequately resolve the lower atmosphere. The model's top was set at approximately 20 km. 
For computational efficiency, the outermost domain operated with a 10-second integration time step, 
and output data from the innermost domain were recorded at 15-minute intervals. 

 

Figure 1. (left) WRF domain. The red box indicates the Chicago Metropolitan Area (CMA). (right) The 
urban land-use categories after incorporating local climate zones (LCZs) from WUDAPT data over 
domain 3. 

A comprehensive suite of 23 experiments was conducted, consistently incorporating a clear-sky, 
heatwave scenario on August 24th, 2023, wherein the peak temperature reached 37.8°C (100°F) within 
the CMA. The analysis evaluated 11 variables, encompassing: indoor target temperature, occupancy 
levels, window area ratio, equipment load, ventilation efficiency, and the albedo and thermal 
properties (conductivity and emissivity) of walls and roofs, alongside ground albedo. Notably, the 
Building Energy Model (BEM) framework accounts for internal temperature gains attributed to 
equipment usage and occupant presence, significantly influencing the internal energy dynamics, and 
consequently affecting both the energy demand of buildings and its relationship with the external 
ambient temperature, as substantiated by [31] and [33]. The analysis intentionally excluded the heat 
capacity and thermal conductivity of urban ground surfaces, primarily asphalt-covered, owing to 
their homogeneity and established thermal characteristics, as defined by [1]. Furthermore, the study 
fixed the emissivity values for roofs and the ground at 0.90 and 0.95, respectively, across all 
simulations, thereby standardizing these parameters for the sake of uniformity in the sensitivity 
analysis. Informed by the findings of [52], modifications were made to the standard urban parameters 
within the urban parameterization framework. These adjustments include urban fraction, 
dimensions of roads and roofs, as well as thermal attributes including heat capacity and emissivity. 
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The specific values implemented in these simulations are consolidated in Table 1. Furthermore, the 
thermal characteristics of various roofing materials are detailed in Table 1, drawing upon research 
conducted by [29], [53], and [54]. 

Table 1. Urban parameters values for Local Climate Zones (LCZs) over Chicago Metropolitan Area 
(CMA). 

LCZ name and designation LCZ 1 LCZ 2 LCZ 3 LCZ 5 LCZ 6 LCZ 8 
Urban fraction (-) 1 0.95 0.9 0.7 0.65 0.85 

Mean building height (m) 35 16.75 7.25 19 6.75 8.25 
Building width (m) 15 17.5 9 25 10.5 28.8 

Street width (m) 15 12.7 5.7 33.3 12.4 32.5 
Roof emissivity 0.9 
Road emissivity 0.95 

Road conductivity (J m
-1

 s
-1

 K
-

1
) 

0.77 0.62 0.69 0.62 0.60 0.80 

Roof capacity (J m
-3

 K
-1

) 1.8e6 1.8e6 1.44e6 1.8e6 1.44e6 1.8e6 

Wall capacity (J m
-3

 K
-1

) 1.8e6 2.0e6 2.05e6 2.0e6 2.05e6 1.8e6 

Road capacity (J m
-3

 K
-1

) 1.75e6 1.50e6 1.63e6 1.50e6 1.47e6 1.80e6 

Tables 2 and 3 show the experimental setups, wherein each urban parameter is calibrated at 
three distinct values: an average value for the control (CTL) simulation, lower (Case_Low, Test 1 to 
Test 11), and higher (Case_High, Test 12 to Test 22) values to examine variations. The selection of 
lower and higher values for urban parameters was guided by established research within the field of 
urban climatology. These values are derived from the influential works of [1] and [33], which provide 
benchmarks for urban-environment interactions. The investigation methodically altered each 
parameter individually to assess their distinct impacts on building energy consumption and ambient 
air temperature. Internal temperature fluctuations of ± 2 °C are allowed in all simulations and it is 
prescribed that the heating/cooling system is on during the whole time of the simulations. The 
selection of urban material characteristics, such as albedo for roofs, walls, and the ground, wall 
emissivity, and thermal conductivity for both roofs and walls, adhered to the guidelines outlined by 
[1]. The mean values for these parameters, as well as for other variables, have been extensively 
validated and employed in various urban climate investigations, as referenced in studies by [31], [55-
57]. In addition, this research incorporates the standard window configurations as defined in the 
Building Energy Model (BEM), utilizing dual 6-mm thick glass panels with an emissivity of 0.9. 

Table 2. Overview of sensitivity experiments that uses low value parameters. 

Indoor/User 
parameters 

CTL Test_1 Test_2 Test_3 Test_4 Test_5 

Indoor target 
temperature (℃) 21±2 19±2 - - - - 

Number of Occupants 

(person m-2) 
0.02 - 0.01 - - - 

Fraction of windows 0.2 - - 0.1 - - 

Equipment (W m-2) 25 - - - 20  

Ventilation rate (h-1) 0.75 - - - - 0.60 
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Outdoor/User 
parameters CTL Test_6 Test_7 Test_8 Test_9 Test_10 Test_11 

Wall albedo (fraction) 0.25 0.15 - - - - - 

Roof albedo (fraction) 0.20 - 0.10 - - - - 

Ground albedo 
(fraction) 

0.15 - - 0.10 - - - 

Wall conductivity (J m-1 

s-1 K-1) 
1.20 - - - 0.77 - - 

Roof conductivity (J m-1 

s-1 K-1) 
1.25 - - - - 0.80 - 

Wall emissivity (-) 0.85 - - - - - 0.75 

Table 3. Same as Table 2 but for high value parameters. 

Indoor/User 
parameters CTL Test_12 Test_13 Test_14 Test_15 Test_16 

Indoor target 
temperature (℃) 

21±2 23±2 - - - - 

Number of Occupants 

(person m-2) 
0.02 - 0.04 - - - 

Fraction of windows 0.2 - - 0.3 - - 

Equipment (W m-2) 25 - - - 30  

Ventilation rate (h-1) 0.75 - - - - 0.90 

Outdoor/User 
parameters CTL Test_17 Test_18 Test_19 Test_20 Test_21 Test_22 

Wall albedo (fraction) 0.25 0.35 - - - - - 

Roof albedo (fraction) 0.20 - 0.30 - - - - 

Ground albedo 
(fraction) 0.15 - - 0.20 - - - 

Wall conductivity (J m-1 

s-1 K-1) 
1.20 - - - 1.57 - - 

Roof conductivity (J m-1 

s-1 K-1) 
1.25 - - - - 1.83  

Wall emissivity (-) 0.85 - - - - - 0.95 
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2.3. Observational Data 

The model's accuracy in capturing near-surface meteorological conditions, specifically 2-meter 
temperature and 10-meter wind speed, was assessed through a comparative analysis of data from 
four weather stations across the CMA with the model's outputs from MesoWest 
(https://mesowest.utah.edu/). Despite the model's high spatial resolution of 500 meters for its most 
detailed domain—a notable improvement over previous studies—it is critical to acknowledge the 
potential for greater spatial variability in observational data. This variance stems from the fact that a 
single 500 m × 500 m grid cell may encompass diverse land-use types, potentially leading to 
discrepancies between the modeled land-use classification and the actual land-use observed at the 
weather station sites, as discussed by [58]. For the purposes of this study, daytime and nighttime 
periods were defined as 0700 to 1900 and 1900 to 0700 local standard time (LST), respectively. 

3. Results 

3.1. Model Validation: Near-Surface Temperature and Wind 

The comparative analysis of the simulated 2-meter air temperature and 10-meter horizontal 
wind speed against observational data from four stations during the heatwave on August 24th, 2023. 
Four stations are E1098 Chicago, KMDW (Chicago Midway Airport), KORD (Chicago O’Hare Airport) 
and KPWK (Chicago Wheeling). Figure 2 shows that the control simulation (CTL) successfully 
reproduces the observed diurnal temperature fluctuations (Figure 2a) and wind speed (Figure 2b) at 
the near-surface level. The CTL reported a mean bias error (MBE) of 0.66°C against the observed data 
across the simulation period. A notable observation from the model output is a persistent warm bias 
in the 2-meter temperature, evident during both daytime and nighttime, across all observational 
stations. This phenomenon aligns with systematic model inaccuracies identified in various studies 
[45, 59-63]. Furthermore, the CTL's rendition of wind speed, although accurately reflecting diurnal 
patterns, consistently underrepresents observed speeds, suggesting a possible misalignment between 
the model's land-use categories and the actual land-use configurations at the measurement sites. This 
discrepancy could be particularly pronounced at stations within the CMA located on relatively flat 
terrain, which the model's existing parameterization may not precisely capture. Enhancements in 
urban simulation accuracy could be achieved through the incorporation of high-resolution input data 
that better delineates land-use distinctions, urban canopy structures, and the physical and thermal 
properties of urban materials, coupled with an improvement in horizontal model resolution. The 
performance metrics of the CTL, including MBE and RMSE for both urban and rural stations during 
the event, are detailed in Table 4. 

Table 4. Summary of averaged mean bias error (MBE) and root mean square error (RMSE) between 
CTL and urban stations for 2-m temperature and 10-meter wind during daytime (0700-1900 LST), 
night (1900-0700 LST), and total. 

Urban 
Stations 

Time 
2-m Temperature 10-m Wind 

MBE RMSE MBE RMSE 

E1098  
KMDW 
KORD 
KPWK 

Total 0.66 1.27 -1.71 1.96 

Day 0.65 0.93 -1.45 1.65 

Night 0.67 0.68 -1.98 1.86 
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Figure 2. The diurnal cycle of (a) 2-m temperature (°C) and (b) 10-m wind (in m s-1) from observations 
(black) and CTL (red) averaged across 4 weather stations on August 24th. 

3.2. Impact on Air Temperature and Building Energy Consumption 

This research especially focuses on building energy usage for air conditioning and the air 
temperature at two meters above ground level to assess the impact of various urban characteristics 
on the built environment. It is important to remember that this analysis only takes air conditioning 
energy use into consideration; and other types of energy use that are not included by the Building 
Energy Model (BEM) framework [31]. This focused approach enables a more nuanced understanding 
of the ways in which material selections and urban design affect the dynamics of near-surface 
temperature and air-conditioning demand in urban environments. 

Figures 3 and 4 illustrate the effects of urban parameter adjustments—both at lower and higher 
settings—on 2-meter temperatures across CMA. Changes in urban parameters indicate that altering 
the thermal conductivity of walls can lead to adjustments in city-scale near-surface temperatures, 
with lower conductivity diminishing and higher conductivity elevating these temperatures, as shown 
in Figures 3i and 4i. Thermal conductivity is a measure of a material's capacity to transfer heat. 
Materials with reduced thermal conductivity are less adept at moving heat across their structure, 
implying that when buildings are constructed with materials of lower thermal conductivity, they 
become less efficient at channeling heat from the exterior to the interior and vice versa. Such buildings 
consequently absorb and radiate less heat, attributing to the walls' effectiveness as a thermal barrier 
through proper wall insulation. This reduces heat accumulation during daylight hours and 
decelerates the nocturnal heat release from the building's structure. Additionally, tests 8 and 19 (-
33.3% ground albedo and +33.3% ground albedo to CTL) reveal that variations in ground albedo also 
affect near-surface temperatures, as seen in Figures 3h and 4h, where a lower albedo corresponds to 
higher temperatures. This is because surfaces with a lower albedo retain more solar radiation rather 
than reflecting it, thus elevating their temperature. The simulations of near-surface temperatures 
show limited responsiveness to alterations in other urban parameters during the heatwave event. 
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Figure 3. The averaged 2-m temperature difference (minus CTL) during the heatwave event in August 
2023 from sensitivity experiments: panels a-k are Test_1 to Test_11. 

 

Figure 4. Same as Figure 3 but for Test_12 to Test 22. 
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Figures 5 and 6 show the effects of various parameters on building energy consumption within 
the CMA. Notably, the setting of the target indoor temperature emerges as the paramount factor 
influencing energy usage, as depicted in Figures 5a and 6a. Adjusting the target indoor temperature 
lower or higher can respectively raise or lower the energy consumption by over 1 W m-2 across the 
CMA. Another critical determinant is the ventilation rate, as shown in Figures 5e and 6e, where a 
reduced ventilation rate correlates with an increase in energy consumption conversely. While 
adjustments in other urban parameters also affect building energy consumption, their impact is much 
smaller in comparison to that of the target indoor temperature and ventilation rate. One thing to 
notice is that a decrease in wall conductivity significantly lowers energy consumption specifically in 
the urban core, as illustrated in Figure 5i. Moreover, the minimal influence of wall emissivity on 
energy consumption highlights the intricate dynamics among various heat transfer mechanisms and 
the heating and cooling systems' adaptive capacities within buildings. 

 

Figure 5. The averaged energy consumption difference (minus CTL) during the heatwave event in 
August 2023 from sensitivity experiments: panels a-k are Test_1 to Test_11. 

Figure 7 provides a comprehensive overview of the impacts on near-surface temperatures and 
building energy consumption across all conducted experiments. It is evident that building energy 
consumption exhibits a high sensitivity to the settings of target indoor temperatures, as demonstrated 
in Tests 1 and 12, with ventilation rate adjustments (Tests 5 and 16) also playing a significant role. 
The influence of other variables on energy consumption, while present, does not match the 
magnitude of response seen with target indoor temperature and ventilation rate. In terms of near-
surface temperature sensitivity, ground albedo and wall conductivity emerge as critical factors, with 
Tests 8 and 19 for ground albedo, and Tests 9 and 20 for wall conductivity, showing marked impacts. 
Figure 8 further illustrates this relationship, indicating a clear correlation between the urban fraction 
and the pronounced effects of ground albedo and wall conductivity on near-surface temperatures. 
This highlights the significant role these parameters play in urban climate dynamics and energy 
demand within buildings. 
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Figure 6. Same as Figure 5 but for Test_12 to Test_22. 

 
Figure 7. Impact of urban parameters referring on air temperature and building energy consumption. 
Numbers represent Test number, i.e., 1 mean Test_1. 
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Figure 8. Relationship between 2-m temperature (℃) and the urban fraction (dimensionless) with 
linear fitting (red line) across CMA for (a) Test_8: lower ground albedo, (b) Test_19: higher ground 
albedo, (c) Test_9: lower wall conductivity and (d) Test_20: higher wall conductivity. 

3.3. Impact to Different Local Climate Zones 

Tables 5–8 aggregate the cumulative effects of various tests on near-surface temperatures and 
building energy consumption across different Local Climate Zones (LCZs), employing a color 
gradient from blue to red to depict the degree of impact—ranging from decrease to increase—
attributable to each parameter across all tests. In the scenario with lower parameter settings (Table 5), 
Test_9 distinctly stands out by significantly reducing near-surface temperatures, notably achieving 
reductions exceeding 0.2°C in LCZs 2, 6, and 8. This underscores the capacity of reduced wall 
conductivity to lower outdoor temperatures in urban zones within the CMA. Conversely, lower 
ground albedo (Test_8) leads to a temperature rise, especially pronounced in LCZs 2 and 3. Regarding 
the effects of higher parameter settings on temperature (Table 6), an increase in ground albedo 
(Test_19) and wall conductivity (Test_20) demonstrates a counteractive impact relative to their lower 
counterparts (Test_8 and Test_9), highlighting the sensitivity of near-surface temperature to these 
parameters. Other parameters exhibit less pronounced effects in comparison to ground albedo and 
wall conductivity. For building energy consumption, the adjustments of the target indoor 
temperature (Test 1 and Test 12) show significant responsiveness, where a higher target indoor 
temperature escalates energy consumption by 1.08 to 2.50 W m-2, and a lower setting reduces it by 
1.10 to 2.53 W m-2. The change of ventilation rate can also have a minor impact on building energy 
consumption on LCZ_1 and LCZ_5 (Tables 7 and 8). While other parameters also influence building 
energy consumption, none match the pronounced responsiveness observed with the target indoor 
temperature setting and ventilation rate. 
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Table 5. Overview of the impact of urban parameters on 2-m air temperature (°C). Cells are colored 
according to the impact of the parameters across all simulations (blue - decrease; red - increase). LCZ1, 
2, 3, 5, 6, 8 represent compact high-residential, compact mid-residential, compact low-residental, open 
mid-residential, open low-residential, and large low-residential. 

 

Table 6. Same as Table 5 but for Test_12 to Test_22. 

 

Table 7. Same as Table 5 but for building energy consumption (W m-2). 
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Table 8. Same as Table 7 but for Test_12 to Test_22. 

 

4. Conclusion and Discussion 

This study examines the sensitivity of near-surface temperature and building energy 
consumption from the WRF model coupled with BEP and BEM on 11 urban parameters. All 
simulations are conducted under a summertime extreme heatwave event on August 24th, 2023, over 
Chicago Metropolitan Area (CMA). The results of this study can inform development and 
implementation of urbanization strategies aimed at mitigating the adverse impacts of extreme 
heatwave events on urban microclimate conditions and building energy consumption within CMA. 
The results are summarized below. 
1. Wall conductivity and ground albedo significantly influence urban near-surface temperatures, 

as demonstrated by this study. Figures 3i and 4i illustrate how decreasing wall conductivity 
lowers temperatures, whereas increasing it has the opposite effect. Similarly, Figures 3h and 4h 
reveal that a lower albedo results in higher temperatures, while a higher albedo contributes to 
cooling. This relationship stems from the fact that thermal conductivity quantifies a material's 
ability to conduct heat; materials with lower conductivity are less capable of transferring heat, 
leading to buildings that are less effective at moving heat between their interiors and the external 
environment. In contrast, surfaces with lower albedo absorb more solar radiation, increasing 
their temperature. However, this research also shows that changes in other urban parameters 
have a minimal impact on near-surface temperatures during the heatwave event. 

2. In the context of energy usage in buildings, the choice of target indoor temperature stands out 
as the most influential factor, as demonstrated in Figures 5a and 6a. Modifying this temperature 
setting upwards or downwards can lead to an increase or decrease in energy consumption by 
more than 1 W m-2 throughout the CMA. Ventilation rate also plays a key role, with Figures 5e 
and 6e indicating that decreasing the rate of ventilation is associated with higher energy use, 
although its impact is not as pronounced as that of the target indoor temperature. Additionally, 
reducing wall conductivity is particularly effective in reducing energy consumption within the 
urban core, a fact highlighted in Figure 5i. Furthermore, the limited effect of wall emissivity on 
energy consumption underlines the complex interplay between various mechanisms of heat 
transfer and the ability of heating and cooling systems within buildings to adapt. 

3. A comprehensive overview of the impacts on near-surface temperatures and building energy 
consumption across all conducted experiments is shown in Figure 7. Ground albedo and wall 
conductivity are identified as key variables affecting near-surface temperature sensitivity, with 
significant findings in Tests 8 and 19 for ground albedo, and Tests 9 and 20 for wall conductivity. 
Figure 8 elaborates on this, showing a strong link between urban areas and the notable impacts 
of ground albedo and wall conductivity on near-surface temperatures, emphasizing their 
importance in urban climate dynamics and building energy needs. Moreover, the experiments 
reveal a high responsiveness of building energy consumption to target indoor temperature 
settings, as seen in Tests 1 and 12, with changes in ventilation rate (Tests 5 and 16) also being 
crucial. However, the effects of other factors on energy consumption are less pronounced 
compared to those of target indoor temperature and ventilation rate adjustments. 
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The previous study conducted by [33] utilized idealized experiments to delineate the influence 
of urban parameters on urban microclimates and energy consumption. Based on the previous 
findings, the adjustment of the indoor temperature setting was identified as having the most 
significant impact on both the near-surface temperature and the energy requirements of buildings. 
However, our findings diverge from those of the previous study. This discrepancy stems from the 
different methodologies applied. [33] study uses of idealized experiments in simplified, controlled 
environments to evaluate the impact of specific urban parameters, offering valuable theoretical 
insights. In contrast, our study employs a real case study of a heatwave event in the CMA and aims 
to mirror the complexity of real-world atmospheric conditions, urban landscapes, and particular 
weather phenomena more accurately, such as heatwaves. Our approach thus provides findings that 
are more immediately relevant to the application in actual urban contexts, especially in 
understanding the effect of various building and urban infrastructure parameters on extreme 
weather occurrences. Our research methodically examines how these urban parameters affect 
microclimates and energy demand, underscoring the importance of targeted urban planning and 
design in increasing urban resilience and sustainability. We highlight the crucial role of certain urban 
parameters, including ground albedo and wall conductivity, in affecting near-surface temperatures 
and emphasize the overriding importance of indoor temperature settings in the building energy 
consumption estimates. These insights offer a foundation for policy decisions and urban design 
strategies that balance environmental considerations with energy efficiency, contributing to the 
development of urban environments that are more sustainable, resilient, and suitable for living in the 
context of ongoing climate change and urbanization. 

The limitation of focusing our analysis is on a single heatwave episode. We recognize that a 
solitary event may not sufficiently capture the broader spectrum of urban microclimate interactions 
under varying thermal conditions. Therefore, in future studies, we intend to expand our research to 
include a diverse range of thermal scenarios, from extreme cold to extreme heat, as well as 
intermediate conditions. This comprehensive approach will allow us to more robustly assess the 
impacts of urban design on microclimatic variability and energy consumption. By incorporating 
multiple case studies across different thermal profiles, we aim to provide more generalizable and 
significant results that can better inform urban planning and mitigation strategies 
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