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Abstract: In the context of an increasingly extreme climate, Urban Heat Island (UHI) mitigation
of communities through ventilation has recently attracted more attention. To explore the impact
mechanisms of different morphological renovation schemes on its wind and thermal environment,
this paper selected the Laozheng Community as a case study and: (1) analyzed measured data to
quantitatively investigate the UHI within the community; (2) established the CIM-WTEPS system to
construct community information models and to conduct wind environment parametric simulation
for seven micro-renovation schemes across three levels; (3) performed correlation analyses between
morphology indicators and wind environment indicators; (4) conducted the thermal environment
parametric simulation of the community under different schemes. The results reveal that: (1) the
Laozheng Community exhibits the Urban Heat Island Intensity (UHII) of up to 6 ◦C; (2) apart from
the “ Hollowing “ scheme, which deteriorates the community wind environment, all other schemes
optimize it, potentially increasing the average wind speed by up to 0.03m/s and in the renovated
area by up to 0.42 m/s; (3) building density is highly correlated with the average wind speed and the
proportion of calm wind area, with correlation coefficients of −0.916 (p < 0.01) and 0.894 (p < 0.01),
respectively; (4) the adding of shading facilities can enhance the proportion of areas with lower
Universal Thermal Climate Index (UTCI) without adversely affecting the optimization effects of the
wind environment, achieving an maximum increase of 3.1%. This study provides a reference for
optimizing the community’s microclimate through morphological micro-renovations and detailed
operations, aiding designers in better controlling community morphology for in future community
renewal and design planning, thereby creating a more hospitable outdoor environment.

Keywords: old urban community; micro-renovation; field measurement; parametric simulation;
microclimate optimization; community morphology

1. Introduction

UHI refers to the phenomenon where urban or urbanized areas exhibit higher tem-
peratures compared to surrounding rural or natural areas [1]. The intensity of this effect is
typically measured by the UHII, reflecting the degree of the UHI. Global rapid urbaniza-
tion has been underway since the second half of the 20th century, and the increasing size
and density of cities inevitably leads to the UHI [2], which worsens the microclimates of
cities, resulting in high air temperature, poor air quality and low outdoor thermal comfort.
Extreme heat can cause severe health problems, including respiratory, cardiovascular, and
cerebrovascular diseases, and even death [3–5]. Similarly, outdoor air pollution poses a
persistent threat to the well-being and health of inhabitants [6,7].

Mitigating UHI and improving thermal comfort in outdoor spaces is a challenging
and complex task [8]. It requires urban planners, landscape designers, and climatologists

Buildings 2024, 14, 832. https://doi.org/10.3390/buildings14030832 https://www.mdpi.com/journal/buildings

https://doi.org/10.3390/buildings14030832
https://doi.org/10.3390/buildings14030832
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/buildings
https://www.mdpi.com
https://doi.org/10.3390/buildings14030832
https://www.mdpi.com/journal/buildings
https://www.mdpi.com/article/10.3390/buildings14030832?type=check_update&version=1


Buildings 2024, 14, 832 2 of 34

to pay more attention to the optimization of the urban microclimate [9], considering
that urban microclimates are sensitive to urban morphology, especially from the view
of air temperature and wind speed [10,11]. Previous studies have observed that urban
microclimates are significantly influenced by factors such as meteorological parameters,
urban underlying surface material, and population [1,12,13]. In addition, researchers found
that surface roughness is a key factor in reducing the wind speed and increasing the calm
wind of a community or a city [14]. Furthermore, UHI is revealed to be closely related to
urban ventilation, and the lack of ventilation will increase the intensity of the heat island.
A study in Greece indicated that in summer, Greece could be 4 ◦C cooler when subjected
to the westerly sea breeze (compared to the north-bound breeze). This was because the
northerly sea breeze was generally blocked by the ancient city wall so that cool wind could
not penetrate the core zone of the city [15]. These researchers revealed that UHI is the
result of morphological features, and urban ventilation corridors are generally effective in
UHI mitigation.

As a fundamental unit shaping urban morphology, community morphology is believed
to be a critical driver of urban microclimates. Community morphology mainly consists of
the street-canyon configuration and the building configuration. Street-canyon configuration
is classified by height-to-width ratio (H/W), street orientation (SO), sky view factor (SVF),
and other variables. Using this classification, Oke found that the H/W greatly influences
outdoor comfort [16]. When H/W = 0.4~0.6, a community can obtain a better wind and
thermal environment under the conditions of satisfying the shelter, heat preservation,
ventilation, and other functions of the street. Achour-Younsi and Kharrat proposed that
H/W and SO are the important geometric factors in urban street canyons, which determine
the solar access, shading conditions, and ventilation environment of the canyon [17]. One
study in Beijing found that when the SO is parallel to the dominant wind direction of the
city or at a small angle, it is more conducive to the airflow inside the community, thus
accelerating the diffusion of pollutants. In addition, studies in Brazil, Singapore, and
other places have found that SVF has a strong correlation with outdoor air temperature:
the greater the SVF, the higher the temperature and the greater the discomfort during
the daytime [18–21]. As to the building configuration, indicators such as floor area ratio
(FAR) [22–24], building density (BD) [22–26], building height (BH) [22,24,26,27], building
form (BF), and other variables have been found to be the key measures in assessing the
wind and thermal environment of communities. Authors in [28] reported that an increase in
the FAR could dramatically reduce the local wind speed and solar radiation. Also, low BD
can mitigate the UHII by reducing the community temperatures and the duration of UHI
(approximately 30%) [29]. Furthermore, the breathability of the communities is improved
by turbulent and diffusive winds (generated by buildings of uneven height) and the
occurrence of strong winds is suppressed. Buildings under the point-layout arrangement
provide communities with the most effective ventilation, followed by buildings under
determinant-layout, staggered-layout and enclosed-layout arrangements [30].

The above researchers highlight the decisive role of the street-canyon configuration
and the building configuration in the community microclimate and their significant impact
on outdoor pedestrian comfort. But it is worth noting that previous and current studies pri-
marily focus on communities with high-rise, high-density configurations. Limited research
attention has been concentrated on old urban communities with low-rise, high-density,
and complex configurations, with various limitations on renovation. These communities
increasingly require consideration of their internal microclimate improvement as urbaniza-
tion progresses. Computational Fluid Dynamics (CFD) simulation tools have been brought
to these communities to assess how morphological features influence microclimates in
recent years. Based on it, some scholars have combined field measurements and CFD simu-
lations to conduct micro-renovation studies aimed at optimizing the microclimates of old
or historic communities. Wei proposed that community morphology can be renovated not
only at the macro level using methods like demolition, relocation, and clearance, but also at
the micro level through measures such as adjusting active equipment, increasing greenery,
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and replacing pavement materials to enhance the wind and thermal environment [31].
Zheng, using Envi-met software and various microclimate assessment methods, conducted
a series of simulations and analyzed three scenarios for improving the microclimate of a
traditional community [32]. The study provided constructive recommendations for mi-
croclimate improvement (such as increasing wind intake capacity, removing additional
structures, and adding windows). Peng, taking a community in Wuhan as an example,
conducted CFD simulations to understand how the microclimate of an old urban area is
changed under different renovation strategies including creating long streets and short
alleyways, widening ventilation corridors, constructing or reconstructing communities
flower-arrangement layout, and adopting a T-shaped space [33]. Additionally, Li used CFD
simulations to predict the thermal comfort of residents and proposed various community
morphological renovation methods and design strategies within Beijing’s Siheyuan and
Hutong areas to enhance outdoor comfort [34].

From the current state of research, it is evident that, to study the relationship between
community morphology and microclimate, the common approach in previous studies has
been a “modeling-simulation-model modification-simulation again” cycle. Such research
often requires manual adjustments to the original models when generating new cases and
involves repetitive operations such as setting boundary conditions and dividing computa-
tional grids, which is time-consuming and challenging, to meet the demands for dynamic
model changes and rapid simulation in a multi-scheme comparison scenario. Furthermore,
there is a scarcity of research that quantitatively integrates community morphological
information or analyzes the correlation between morphology indicators and microclimate
indicators, making it difficult for planners to identify highly correlated morphology indica-
tors for effectively enhancing the community microclimate.

Therefore, this study started with the hypothesis that the Laozheng Community exists
with a UHI based on human perception, then verified the hypothesis with measured
data, and finally analyzed the renovation schemes through simulation. The goal is to
investigate whether different micro-renovation schemes bring significant improvements to
the community microclimate. The specific research steps are as follows:

1. Conducting field measurements within the Laozheng Community, calculating the
UHII, and employing “ventilation” approaches to mitigate the UHI;

2. Establishing the CIM-WTEPS system (Figure 1, the specific details can be found in
the Section 3.2.2) to construct community information models (CIM) and conduct
wind environment parametric simulations (WEPS) for seven morphological micro-
renovation schemes across three levels, assessing outdoor wind comfort through three
wind-environment indicators;

3. Performing a correlation analysis between morphology indicators and wind-
environment indicators from simulation results, identifying highly correlated
morphology indicators;

4. Conducting thermal environment parametric simulations (TEPS) for schemes based
on background meteorological data and wind environment simulation data, assessing
outdoor thermal comfort through the UTCI and analyzing the improvement effects of
shading facilities on the thermal environment.
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The contributions of this study include: (1) quantifying the UHII through temperature
data, thereby validating the field measurement hypothesis of poor microclimate conditions
in the community; (2) establishing a system (CIM-WTEPS) to investigate the relationship
between morphology and microclimate, where the CIM module can quantify community
morphology information, and the WTEPS module can meet the needs for rapid simulation
analysis of multiple scenarios, a method that can also be applied to quantitative studies
of microclimates in other communities; (3) providing reference guidance for guiding the
morphological renovation of old urban communities and the design planning of new
community, aiming to create a comfortable outdoor environment.

2. Study Area

In this study, the Laozheng Community, Dongshi Town, Hubei Province, China was
selected. As shown in Figure 2, the community is situated in the transition zone between
the border area of Jianghan Plain and the mountainous area of western Hubei, close to the
Yangtze River, experiencing a typical hot-summer and cold-winter climate.

Within the Laozheng Community, the road network consists of three east-west roads
and 15 north-south alleys (Figure 3). The width of the east-west roads is about 8 m, while
the width of most alleys is less than 3 m. The Jinshi Road cuts the community and the
Laozheng Street in half. The west side of the Laozheng Street is “Up Street”, while the east
side is “Down Street”.
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3. Methods
3.1. Field Measurement

Initially, through on-site reconnaissance, the microclimate of the Laozheng Community
was subjectively perceived to be uncomfortable, leading to the hypothesis that the wind
and thermal environment was poor and required optimization through micro-renovation of
the community morphology. Subsequently, based on meteorological forecasts, the research
team selected the three most representative days of the summer heat characteristics in the
Laozheng Community from 1 August to 3 August 2022, and conducted continuous field
measurements from 7:00 AM to 7:00 PM over these three days. The primary instrument
used was the electronic breeze meter (TES-1341N, Table 1), which recorded meteorological
data such as air temperature, relative humidity, and wind speed.
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Table 1. Measuring Instrument.

Picture Model Parameter Range Resolution Accuracy
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Sites A1~B5 were set on the ground for data recording, and Site WS was set as a
weather station, installed on the roof of the highest residential building near the Laozheng
Community, to measure the background meteorological data (Figure 4 and Table 2). The
measurement sites were evenly distributed in the community, which can better reflect the
overall microclimate. According to the road conditions, Sites A1~A5 were located in the
center of the Jinshi Road to enhance data accuracy, and Sites B1~B5 were located on one
side of Down Street to ensure vehicle passage.
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Table 2. Information of measurement sites.

Site Location Surface Material Ambience

WS Roof Resin tile H = 20 m, open.
A1 Jinshi Road Brick Green plants
A2 Jinshi Road Asphalt Buildings and street trees
A3 Jinshi Road Asphalt Buildings and street trees
A4 Jinshi Road Asphalt Buildings and street trees
A5 Jinshi Road Asphalt Buildings and street trees
B1 Down Street Cement Buildings
B2 Down Street Cement Buildings and green spaces
B3 Down Street Cement Buildings and green spaces
B4 Down Street Cement Buildings and trees
B5 Down Street Cement Buildings and green spaces

A preliminary analysis revealed that the meteorological characteristics over the three
days were similar, thus the measured data from August 3 was chosen for in-depth analysis.
The air-temperature data were selected to quantify the UHII within the community, in
order to validate the hypothesis and provide rational support for the subsequent simulation
studies, and the wind-speed data of Sites B1~B5 were utilized to verify the accuracy of the
simulation tool (the specific details can be found in the Section 3.2.5).

UHII was adopted to indicate the air-temperature difference between Sites A1~B5 (Tij)
and Site WS (Tws), as expressed by Equation (1) [35,36].

UHII = Tij − Tws (i = A, B; j = 1, 2, 3, 4, 5
)

(1)

3.2. Parametric Simulation
3.2.1. Microclimate Evaluation Indicators

Three mainstream and appropriate microclimate evaluation indicators were selected
to evaluate the wind and thermal environment: V (average wind speed), Pcalm (proportion
of calm-wind area), σ (wind-speed dispersion) and UTCI.

1. Average wind speed: this is a commonly used assessment indicator in outdoor micro-
climate, indicating the average value of all instantaneous wind speeds at a pedestrian
height of 1.5 m. It is used to evaluate the overall wind-environment conditions in
the area.

2. Proportion of calm-wind area: based on experimental results and calculations, some
researchers have concluded that a speed of 0.6 m/s must be achieved at a walking
height of 1.5 m to effectively reduce the level of pollutants in the air. This implies that
in summer, wind speeds below 0.6 m/s are considered as the proportion of calm-wind
area in the overall wind environment.

3. Wind-speed dispersion: primarily employed to assess the uniformity of outdoor
wind-speed distribution. The evaluation is based on calculating the standard de-
viation (Equation (2)), where a smaller value signifies a more uniform wind-speed
distribution within the area, while a larger value indicates a more uneven wind-speed
distribution [37].

σ =

√
1
n∑n

i=1(xi − µ)2 (2)

where σ is the wind-speed dispersion, n is the number of measurement points; xi is
the wind speed at each point, µ is the average wind speed of all points.

4. Universal Thermal Climate Index: UTCI is a comprehensive tool for assessing climatic
comfort that integrates principles of human thermophysiology [38,39]. It takes into
account environmental factors including air temperature, relative humidity, wind
speed, and solar radiation, as well as individual metabolic rate and clothing ther-
mal resistance, thereby offering a globally applicable system for evaluating thermal
comfort. The UTCI categorization is divided into the following ranges, measured in
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degrees Celsius (◦C), depicting levels of thermal comfort under varying environmental
conditions (Table 3):

Table 3. Degrees centigrade ranges and stress categories of the UTCI [40].

Range Stress Level

UTCI < −40 ◦C Extreme Cold
−40 ◦C ≤ UTCI < −27 ◦C Very Strong Cold
−27 ◦C ≤ UTCI < −13 ◦C Strong Cold
−13 ◦C ≤ UTCI < 0 ◦C Moderate Cold

0 ◦C ≤ UTCI < 9 ◦C Slightly Cold
9 ◦C ≤ UTCI < 26 ◦C No Thermal Stress

26 ◦C ≤ UTCI < 32 ◦C Moderate Heat
32 ◦C ≤ UTCI < 38 ◦C Strong Heat
38 ◦C ≤ UTCI < 46 ◦C Very Strong Heat

UTCI ≥ 46 ◦C Extreme Heat

3.2.2. CIM-WTEPS System

The CIM-WTEPS system consists of a CIM (Community Information Model) module
and WTEPS (Wind- and Thermal-Environment Parametric Simulation) module.

The CIM module is primarily responsible for integrating and standardizing diverse
community morphology indicators. In this study, three indicators were selected: MBH
(mean building height), BN (building number), and BD (building density). They were
chosen based on the following principles [41–43]: (1) common but important in theory and
practice; (2) relatively clear guiding significance in urban planning; (3) easily interpretable
and calculated [44]. It is significant to note that due to the diverse building forms in the
Laozheng Community, indicators BF (building layout) and BS (building size) are not used.

The WTEPS module is mainly focused on building modeling and wind- and thermal-
environment simulation, with the objective of creating an efficient and rapid simulation
process for conducting microclimate simulations on CIM. The WTEPS module can also be
subdivided into a building information module, a meteorological information module, a
simulation module, and a visualization module. The main software tools used include:
Rhino 7 modeling software, Grasshopper platform, Ladybug plugin, Butterfly plugin,
blueCFD fluid simulation solver, and Paraview visualization platform. It is worth noting
that blueCFD 2017 is a customized version of the open-source CFD software OpenFOAM.
This customization streamlines the installation process and management tools, enhancing
the accessibility and usability of OpenFOAM [45].

The workflow of the WTEPS module is illustrated in Figure 5, primarily: integrate
building information and perform parametric modeling of the research object through the
Grasshopper platform; establish constraint relationships between the building model and
programming modules to achieve adaptive changes in the building model with variations
in programming parameters; subsequently, utilize the Ladybug plugin to import back-
ground meteorological data, and process the data to obtain the required background wind
speed and wind direction for wind-environment simulation; following this, set simulation
parameters and use the Butterfly plugin to invoke the blueCFD fluid simulation solver for
model preprocessing, solving, and post-processing. The simulation files are then imported
into Excel for organizing and calculating wind-environment indicators, and simultaneously
imported into the Paraview visualization platform to display the simulation results. Lastly,
background meteorological data along with the obtained community wind-environment
data are imported, and thermal-environment simulation is conducted. Similarly, simulation
results are imported into Excel for calculating the thermal-environment indicator, with
simulation outcomes directly displayed in Rhino (the workflow of the simulation module
is shown in Figures A1 and A2).
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3.2.3. CIM Construction of Renovation Schemes

Based on the thermal problems of the Laozheng Community and drawing inspiration
from previous studies on ventilation corridors, courtyards, and windward areas [46–48],
this study has designed three levels, totaling seven different micro-renovation schemes.
The objective is to alleviate the UHI and to optimize the community’s microclimate. Addi-
tionally, corresponding CIMs have been established for each scheme to facilitate subsequent
wind- and thermal-environment simulations. To reduce simulation costs, the “Down Street”
area on the right is selected for modeling. Buildings involved in different renovation
schemes are represented by blocks of different colors. The schemes, models, and their
corresponding CIMs are shown in Tables 4 and 5 and Figure 6.
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Table 4. Basic information of micro-renovation schemes.

Level Case Micro-Renovation Content Explanation

Control
group 0 —— Current situation of the Laozheng Community

Level 1

1-1 Removing additional objects

On the basis of maintaining the integrity of the
original texture of the community, the scheme

partially removed additional objects (including
walls with no heritage protection value and
additional buildings) inside the community.

1-2 Hollowing The scheme removed part of the buildings inside
building clusters to form a “hollow” space.

1-3 Increasing the
width of air inlet

The scheme removed part of the building at the
entrance of the main roadway inside the

community, and the average width of multiple
alley air inlet increased by 8.6m.

1-4 Increasing the
windward area

The scheme removed part of the shield on the
dominant summer-wind direction, and the

average distance between the southern buildings
and the Yanjiang Road has increased by 4.9 m.

Level 2
2-1 Case 1-1 + Case 1-2 Focus on reducing airflow obstruction
2-2 Case 1-3 + Case 1-4 Focus on increasing air intake volume

Level 3 3 Case 1-1 + Case 1-2 +
Case 1-3 + Case 1-4 ——
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clusters to form a “hollow” space. 

1-3 
Increasing the  

width of air inlet 
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the main roadway inside the community, and the average 

width of multiple alley air inlet increased by 8.6m. 

1-4 
Increasing the  

windward area 

The scheme removed part of the shield on the dominant 

summer-wind direction, and the average distance between 

the southern buildings and the Yanjiang Road has in-

creased by 4.9 m. 

Level 2 
2-1 Case 1-1 + Case 1-2  Focus on reducing airflow obstruction 

2-2 Case 1-3 + Case 1-4 Focus on increasing air intake volume 

Level 3 3 
Case 1-1 + Case 1-2 +  

Case 1-3 + Case 1-4 
—— 
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Table 5. CIMs.

Case MBH BN BD

0 5.49 m 419 51.7%
1-1 5.55 m 408 49.9%
1-2 5.60 m 401 50.8%
1-3 5.53 m 404 49.4%
1-4 5.51 m 411 50.1%
2-1 5.68 m 390 48.6%
2-2 5.54 m 395 48.7%
3 5.74 m 366 47.4%

3.2.4. Simulation Parameters Setting

In various meteorological databases, historical meteorological data for Zhijiang City
is unavailable. According to China’s “Green Performance Calculation Standard for Civil
Buildings” (JGJ/T 449-2018) [49]: when there is no meteorological data available in the
calculation area, meteorological data of nearby cities should be selected as the background
meteorological data for simulation. Due to the similar geographical location and features
of Zhijiang City and Jingzhou City (both are situated in the transition zone between the
border area of the Jianghan Plain and the mountainous area of western Hubei), as well as
their similar level of urban development (Figure 7), Jingzhou TMYx data has been selected
as the background meteorological data for the simulation study. The simulated input wind
direction is S and the input wind speed is 3 m/s.
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(c) Urban development level—Jingzhou City.

Considering the relatively flat and open geographical characteristics of the study area,
but that within the research community there is a cluster of high-density and low-rise build-
ings with a uniform height, setting the simulation roughness to 6 seems reasonable [50].

The boundary of the calculation area is closely related to the authenticity of the
simulation results. As the calculation area expands, the disparity between simulated data
and measured data gradually decreases. According to China’s JGJ/T 449-2018 standard [49],
the calculation-area boundary is set as 5H (vertical distance, where H represents the height
of the tallest building within the object building group) × 5H (horizontal distance) × 5H
(inflow distance) × 10H (outflow distance), as shown in Figure 8.

Grid size is the key to measure the accuracy of wind-environment simulation [51].
This simulation utilized a grid division method, with the number of grids increasing and
their sizes decreasing closer to the buildings. It involved employing Blockmesh to construct
coarse structured grids for the site and Snappyhexmesh to create refined unstructured grids
for the building models. Varying the parameter cell_size, cell_size = 10/6/4/2/1 were
selected for comparison (Figure 9). Considering both simulation accuracy and simulation
cost, cell_size = 2 and a surface feature level of 3 (enhancing grid conformity with the
model’s geometric features) were set. Consequently, the calculation area was established as
826 m × 552 m × 90 m, with a maximum grid size of 37 m × 18 m × 15 m and a minimum
grid size of 2 m × 2 m × 0.5 m, totaling approximately 5.05 million grids.
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The blueCFD fluid simulation solver encompasses multiple turbulence models, among
which the RNG K-epsilon model is the commonly used in engineering for the Reynolds-
averaged Navier-Stokes (RANS) equations. It offers moderate computational demand,
reduced computation time, lower cost, minimal fluctuations, and higher computational
accuracy [52]. Considering the morphology complexity in the Laozheng Community, the
RNG K-epsilon model is adept at simulating constrained airflow. This study adopted the
RNG K-epsilon turbulence model, while setting the residual limit of equations to 10−4 as
the convergence criterion. The pre-setting of the simulation tool was as listed in Table 6.
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Table 6. Parameters of simulation pre-setting.

Parameter Input Parametric Module

Wind Speed 3 m/s
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3.2.5. Feasibility Validation

Feasibility validation was conducted to compare the measured data with the sim-
ulated data to validate the accuracy of the simulation tool. Sites B1, B2, B3, B4, and B5
were utilized for the feasibility validation of the simulation software. They were evenly
distributed along Down street, effectively reflecting the overall microclimate conditions
within the Laozheng Community.

The average wind speed at five sites compared with that at the same locations in the
simulated model can be seen from the Table 7 and Figure 10. By calculation, the average
absolute error between the measured data and the simulated data is 5.62%. Considering the
influence of multiple factors such as model simplification, ground reflection, wall radiation,
and windbreaks from vegetation in the community, the simulation error is deemed within
an acceptable range.

Table 7. Average wind speed of five measurement sites.

B1 B2 B3 B4 B5

Measured Data 1.35 m/s 0.51 m/s 0.73 m/s 1.68 m/s 0.9 m/s
Simulated Data 1.28 m/s 0.47 m/s 0.69 m/s 1.63 m/s 0.89 m/s
Absolute Error 5.2% 7.8% 5.8% 3% 6.3%
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Figure 10. Variation trend of measured data and simulated data. Figure 10. Variation trend of measured data and simulated data.

Based on the pre-setting and feasibility validation of the simulation tool, it can be
concluded that the simulation tool possesses the capability to conduct relatively accurate
simulations of the community’s microclimate.

4. Results
4.1. Field Measurement Results

By calculating the measured data, the temporal distribution of the UHII in the
Laozheng Community is illustrated in Figure 11 (The complete measured data of air
temperature in 11 sites is shown in Figure A3 and Table A1).
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From Figure 11a, it is observed that the median and mean of the UHII among the
10 sites are both greater than 0. Sites A1 and A2 exhibit median and mean values surpassing
2 ◦C, with IQR (25–75%) data ranging between 1 ◦C to 4 ◦C, indicating notably high UHI
levels. Based on the environmental information from the measurement sites, it can be
inferred that the expansive surroundings of Sites A1 and A2 lack obstructions such as
buildings or large trees, receiving direct sunlight from 7:30 AM to 6:00 PM. Additionally,
these sites are situated at a T-junction with higher vehicular traffic, experiencing a more
pronounced influence from traffic-related heat sources compared to other sites. Considering
these primary factors, the ambient temperatures around these sites are elevated, resulting
in stronger heat-island effects. Notably, the highest UHII exceeds 6 ◦C, observed at Site
A2 instead of Site A1, possibly due to the cooling effect of vegetation at Site A1 and the
sustained heat release from the higher specific heat capacity asphalt surface at Site A2.

From Figure 11b, it is evident that between 11:00 AM to 2:00 PM, all 10 sites expe-
rienced direct sunlight, exhibiting a UHII greater than 0. The median and mean values,
approximating over 2 ◦C, indicate a pronounced UHI (It is generally considered that a tem-
perature difference exceeding 1 ◦C is indicative of the presence of a local UHI). Specifically,
Sites A3, B1, and B4 demonstrated IQRs at relatively lower levels. It is inferred that Site
A3’s location at the junction of Jinshi Road and Laozheng Street, forming a spacious and
well-ventilated corridor, fosters improved airflow. Site B1’s taller surrounding structures
may generate a canyon effect, elevating wind speeds. Additionally, Site B4’s proximity to
small patches of greenery and large tree canopies might contribute to reducing ambient air
temperatures, thereby alleviating the heat-island effect.

Through the above analysis of the UHII, it is shown that the Laozheng Community
experiences a UHI, with an average UHII of approximately 2 ◦C and maximum values
exceeding 6 ◦C. Particularly between 11:00 AM to 2:00 PM when all sites are exposed to
direct sunlight, the heat-island effect intensifies. Moreover, it is evident that enhancing
environmental greenery, replacing underlying surface materials with higher specific heat
capacities and lower thermal conductivities, and establishing ventilated corridors can
collectively optimize local thermal environments, thereby mitigating UHI.

4.2. Wind-Environment Simulation Results

Through the construction of community information models (CIMs) and parametric
wind-environment simulation, the wind-environment simulation results for the control
group and seven micro-renovation schemes are as follows (Tables 8–15 and Figure 12).
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Table 8. Wind-environment indicators of Case 0.

V Pstatic σ

0.82 37.9% 0.451

Table 9. Wind-environment indicators of Case 1-1.

Case V △V △V ’ Pcalm △Pcalm σ △σ

1-1 0.84
+0.02 +0.73

36.1% −1.8%
0.458

+0.0070 0.82 37.9% 0.451

Table 10. Wind-environment indicators of Case 1-2.

Case V △V △V ’ Pcalm △Pcalm σ △σ

1-2 0.82
0 0

38.1%
+0.2%

0.453
+0.0020 0.82 37.9% 0.451

Table 11. Wind-environment indicators of Case 1-3.

Case V △V △V ’ Pcalm △Pcalm σ △σ

1-3 0.83
+0.01 +0.52

36.3% −1.6%
0.451

00 0.82 37.9% 0.451

Table 12. Wind-environment indicators of Case 1-4.

Case V △V △V ’ Pcalm △Pcalm σ △σ

1-4 0.83
+0.01 +0.67

37.1% −0.8%
0.453

+0.0020 0.82 37.9% 0.451

Table 13. Wind-environment indicators of Case 2-1.

Case V △V △V ’ Pcalm △Pcalm σ △σ

2-1 0.84
+0.02 +0.37

36.3% −1.6%
0.457

+0.0060 0.82 37.9% 0.451

Table 14. Wind-environment indicators of Case 2-2.

Case V △V △V ’ Pcalm △Pcalm σ △σ

2-2 0.84
+0.02 +0.56

35.9% −2%
0.454

+0.0030 0.82 37.9% 0.451

Table 15. Wind-environment indicators of Case 3.

Case V △V △V ’ Pcalm △Pcalm σ △σ

3 0.85
+0.03 +0.42

35.5% −2.4%
0.456

+0.0050 0.82 37.9% 0.451
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Table 8 indicates that in Case 0, the average wind speed during summer stands at
0.82 m/s (V), with the proportion of calm-wind area accounting for 37.9% (Pstatic), and
a wind-speed dispersion of 0.451 (σ). Figure 12a demonstrate that the maximum wind
speed primarily occurs at the Jinshi Road, and between two high-rise buildings at the
eastern end of the Laozheng Community. This occurrence is attributed to the canyon
effect and funnel effect resulting in the increase of wind speed. Additionally, within the
Laozheng Community and the leeward areas of buildings to the north, the wind speeds
predominantly exhibit yellow and red, remaining below 1.2 m/s.

Table 9 and Figure 12b indicate that in Case 1-1, the average wind speed during
summer stands at 0.84m/s, with the proportion of calm-wind area accounting for 36.1%,
and a wind-speed dispersion of 0.458. Compared to Case 0, under Case 1-1 scenario,
the overall wind environment in the Laozheng Community has been optimized. The
average wind speed has increased by 0.02 m/s (△V), and the proportion of calm-wind
area has decreased by 1.8% (△Pstatic). However, the increase in wind speed has also led to
a rise in wind-speed dispersion by 0.007 (△σ). Additionally, notable changes in the wind
environment are evident in the three renovation areas marked by the black circle, where
the average wind speed has surged by 0.73 m/s (△V′).

Table 10 and Figure 12c indicate that in Case 1-2, the average wind speed during
summer stands at 0.82 m/s, with the proportion of calm-wind area accounting for 38.1%,
and a wind-speed dispersion of 0.453. Compared to Case 0, under Case 1-2 scenario, the
overall wind environment in the Laozheng Community has deteriorated. The average
wind speed has not changed, the proportion of calm-wind area has increased by 0.2%, and
the wind-speed dispersion has increased by 0.002. Additionally, no notable changes in the
wind environment are evident in the three renovation areas marked by the black circle.

Table 11 and Figure 12d indicate that in Case 1-3, the average wind speed during
summer stands at 0.83 m/s, with the proportion of calm-wind area accounting for 36.3%,
and a wind-speed dispersion of 0.451. Compared to Case 0, under the Case 1-3 scenario, the
overall wind environment in the Laozheng Community has been optimized. The average
wind speed has increased by 0.01 m/s, and the proportion of calm-wind area has decreased
by 1.6%. Additionally, notable changes in the wind environment are evident in the four
renovation areas marked by the black circle, where the average wind speed has surged
by 0.52 m/s.

Table 12 and Figure 12e indicate that in Case 1-4, the average wind speed during
summer stands at 0.83 m/s, with the proportion of calm-wind area accounting for 37.1%,
and a wind-speed dispersion of 0.453. Compared to Case 0, under the Case 1-4 scenario,
the overall wind environment in the Laozheng Community has been optimized. The
average wind speed has increased by 0.01 m/s, and the proportion of calm-wind area has
decreased by 0.8%. However, the increase in wind speed has also led to a rise in wind-speed
dispersion by 0.002. Additionally, notable changes in the wind environment are evident in
the three renovation areas marked by the black circle, where the average wind speed has
surged by 0.67 m/s.

Case 2-1 primarily focuses on reducing building density. Table 13 and Figure 12f
indicate that during summer, the average wind speed stands at 0.84m/s, with the pro-
portion of calm-wind area accounting for 36.3%, and a wind-speed dispersion of 0.457.
Compared to Case 0, under the Case 2-1 scenario, the overall wind environment in the
Laozheng Community has been slightly optimized. The average wind speed has increased
by 0.02 m/s, and the proportion of calm-wind area has decreased by 1.6%. However, the
increase in wind speed has also led to a rise in wind-speed dispersion by 0.006.

Case 2-2 primarily focuses on increasing air-intake volume. Table 14 and Figure 12g in-
dicate that during summer, the average wind speed stands at 0.84 m/s, with the proportion
of calm-wind area accounting for 35.9%, and a wind-speed dispersion of 0.454. Compared
to Case 0, under the Case 2-2 scenario, the overall wind environment in the Laozheng
Community has been optimized. The average wind speed has increased by 0.02 m/s, and
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the proportion of calm-wind area has decreased by 2%. However, the increase in wind
speed has also led to a rise in wind-speed dispersion by 0.003.

Table 15 and Figure 12h indicate that in Case 3, the average wind speed during summer
stands at 0.85 m/s, with the proportion of calm-wind area accounting for 35.5%, and a wind-
speed dispersion of 0.456. Compared to Case 0, under Case 3 scenario, the average wind
speed has increased by 0.03 m/s, and the proportion of calm-wind area has decreased by
2.4%. However, the increase in wind speed has also led to a rise in wind-speed dispersion
by 0.005.

4.3. Correlation Analysis

Using the SPSS 27 software for the Shapiro–Wilk normality test and Pearson correla-
tion analysis on six parameters (Table 16) (it is generally considered that |r| ≥ 0.8 indicates
a high degree of correlation; 0.5 ≤ |r| < 0.8 suggests a moderate degree of correlation;
0.3 ≤ |r| < 0.5 indicates a low degree of correlation; |r| < 0.3 suggests little to no corre-
lation.), the results indicate the following associations (Table 17): (1) average wind speed
(V) exhibits a moderate positive correlation with mean building height (MBH), a moderate
negative correlation with building number (BN) (significant level: p < 0.05), and a high
negative correlation with building density (BD) (p < 0.01). The correlation coefficients (r)
are 0.644, −0.771, and −0.916, respectively; (2) the proportion of calm-wind areas (Pstatic)
demonstrates a low negative correlation with MBH, a moderate positive correlation with
BN, and a high positive correlation with BD (p < 0.01). The correlation coefficients are
-0.463, 0.657, and 0.894, respectively; (3) wind-speed dispersion (σ) shows a moderate posi-
tive correlation with MBH, a low negative correlation with BN, and a moderate negative
correlation with BD. The correlation coefficients are 0.597, −0.488, and −0.541, respectively.

Table 16. Morphology indicators and wind-environment indicators.

Case MBH BN BD V Pcalm σ

0 5.49 m 419 51.7% 0.82 m/s 37.9% 0.451
1-1 5.55 m 408 49.9% 0.84 m/s 36.1% 0.458
1-2 5.60 m 401 50.8% 0.82 m/s 38.1% 0.453
1-3 5.53 m 404 49.4% 0.83 m/s 36.3% 0.451
1-4 5.51 m 411 50.1% 0.83 m/s 37.1% 0.453
2-1 5.68 m 390 48.6% 0.84 m/s 36.3% 0.457
2-2 5.54 m 395 48.7% 0.84 m/s 35.9% 0.454
3 5.74 m 366 47.4% 0.85 m/s 35.5% 0.456

Table 17. Correlations.

MBH BN BD V Pcalm σ

MBH r ——

BN
r −0.917 ** ——
p 0.001

BD
r −0.738 * 0.892 ** ——
p 0.037 0.003

V
r 0.644 −0.771 * −0.916 ** ——
p 0.085 0.025 0.001

Pstatic
r −0.463 0.657 0.894 ** −0.944 ** ——
p 0.248 0.077 0.003 <0.001

σ
r 0.597 −0.488 −0.541 0.745 * −0.578 ——
p 0.118 0.220 0.166 0.034 0.133

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
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4.4. Thermal-Environment Simulation Results

Upon completing the parametric simulation of the wind environment, further simula-
tions were conducted to assess the thermal environment of the community under various
micro-renovation schemes. The results indicated that although adjustments in community
morphology improved the wind environment, the reduction in building density weakened
the shading effect, leading to an increase in direct solar radiation reaching the ground
and its reflection, which, in turn, exacerbated the thermal environment of the community.
Specifically, the thermal environment index UTCI revealed a decrease in the proportion
of the “Moderate Heat” (26 ◦C to 32 ◦C) range, while the proportion of the “Strong Heat”
(32 ◦C to 38 ◦C) range increased (Figure 13, notable changes in the thermal environment
are evident in the three renovation areas marked by the black circle), suggesting a decline
in thermal comfort for outdoor activities.

Previous research has demonstrated that shading facilities can effectively reduce direct
solar radiation, thereby lowering outdoor thermal stress and enhancing thermal comfort
with minimal impact on the airflow circulation in communities. Consequently, shading
structures with a height of 3 m and a thickness of 10 cm were added at renovated locations
in each scheme, with their models simplified as rectangular prisms (Figure 14, shading
facilities are indicated in black blocks). After conducting a re-simulation, new thermal-
environment data and UTCI values were obtained, with specific results presented in the
subsequent Figure 15.
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Figure 15. Thermal-environment parametric simulation results with shading facilities.

Figure 16 reveals that the addition of shading facilities has a positive impact on
the thermal environment of the Laozheng Community, resulting in lower thermal stress.
It was observed that following the implementation of seven micro-renovation schemes
incorporating shading facilities, there was an increase in the proportion of the “Moderate
Heat” interval (26 ◦C to 32 ◦C), with a minimum increase of 0.7% a maximum increase
of 3.1%, and an average increase of 1.47%, as well as a decrease in the proportion of the
“Strong Heat” interval (32 ◦C to 38 ◦C).
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5. Discussion
5.1. Community Morphological Micro-Renovation Schemes

From the above research results and Figure 17, it can be seen that the average wind
speed under the seven micro-renewal schemes generally shows an upward trend. The
proportion of calm-wind areas generally exhibits a variation trend opposite to that of the
average wind speed, while the variation in wind speed dispersion is more irregular, mainly
related to the focus of the renovation schemes.
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The Level 1 renovation schemes Case 1-1, Case 1-3, and Case 1-4 have optimized
the wind environment of the community to a certain extent, while Case 1-2 deteriorated
the wind environment. Under the Case 1-1 scenario, due to the removal of certain walls
and illegal constructions, there has been an increase in the airflow volume entering the
community’s interior, resulting in smoother circulation. Under the Case 1-2 scenario, a
large amount of cyclotron airflow will be formed in hollow areas, which is not conducive
to the formation of ventilation corridors, resulting in the hollow areas becoming calm-wind
areas. Under the Case 1-3 scenario, due to the enlargement of the air inlet, there has been a
significant increase in both the volume and speed of the airflow entering the community,
facilitating better penetration of the airflow throughout the entire community. Under the
Case 1-4 scenario, the removal of obstructions in the dominant summer-wind direction, the
increased average distance between the buildings on the south side of the community and
the river embankment, and the elevation in the windward pressure of the rear buildings
contribute to improved air exchange within the community.

Regarding the Level 2 renovation schemes, both Case 2-1 and Case 2-2 have optimized
and improved the community’s wind environment to some extent. However, due to the
side effects of the “hollowing” renovation approach, the wind-environment optimization
effect of Case 2-1 is not as pronounced as it is in Case 1-1, with the proportion of calm-
wind area increasing by 0.2%. The more significant optimization of the community’s wind
environment by Case 2-2 is due to the increased airflow entering the community resulting
from the enlargement of the air inlet and the expansion of the windward area, enhancing
the airflow’s penetration capacity within the internal alleys.

The Level 3 renovation scheme, Case 3, constitutes an overall combination of Level 1
renovation schemes and exhibits the most optimal wind-environment enhancement among
the seven schemes. It significantly facilitates airflow penetration and circulation within
the community.

It is worth noting that, although the overall improvement in the wind environment of
the community (△V) is relatively small through different renovation schemes, there is a
significant enhancement in the local wind environment within the black circle areas (△V′).
Moreover, these red circle areas are often situated in open spaces or at intersections with
high pedestrian traffic, which is of great significance for enhancing the outdoor comfort of
community residents.

5.2. Impact of Community Morphology on the Wind Environment

Through the correlation analysis (Table 17), it can be determined that although each
morphology indicator is an essential component in simulating urban wind environments,
their impact on the community wind environment varies. In terms of MBH, there is
no strong correlation between MBH and the three wind-environment indicators. This
might be because, while an increase in MBH implies a decrease in BN, the uniformity in
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building heights within the community, primarily consisting of low-rise buildings, may not
significantly increase MBH due to the reduction in BN, weakening its correlation with the
wind-environment indicators. Similarly, although a decrease in BN implies a decrease in BD,
the varied land use within the community, including residential buildings and spaces for
agricultural tools, might not significantly decrease BD with the reduction in BN. Regarding
BD, its high correlation with V and Pcalm indicates its dominant role in influencing the
community wind environment. Reducing building density significantly impacts optimizing
the community wind environment and reducing the intensity of the heat -island effect.
The premise for community renovation and planning should be subsequent operations
based on a reasonable building density. That is similar to the research in five climate zones,
which claims that reducing BD has a more significant influence on alleviating UHI and
can reduce the temperature rise and the duration of the heat-island effect [29]. It’s also
noteworthy that σ does not exhibit a strong correlation with morphology indicators. This
might be attributed to the complexity of the Laozheng Community’s morphology, where
the internal wind distribution is more related to the overall community morphology rather
than individual morphology indicators resulting from different renovation schemes. Hence,
the correlation between σ and singular morphology indicators decreases.

5.3. Implications for Community Renovation and Planning

Based on the wind-environment simulation results, inspiration can be drawn from
the level 1 renovation schemes: In high-density communities, various approaches to
reduce building density, such as lowering the enclosure ratio of building groups, are
more effective in improving the wind environment compared to increasing the internal
space area of building groups. This approach allows for more effective wind penetration
into the interior of the Laozheng Community. Further inspiration can be obtained from
the level 2 renovation schemes: Enhancing the wind-intake capacity at the community’s
entrances is more significant than reducing wind obstruction within the community’s
interior. This is in line with the study, which shows that the high-enclosed building layout
is more conducive to the penetration of wind in the street canyon, but not conducive
to the circulation inside the community. In addition, since the wind is often affected by
upwind buildings, resulting in the ability of inward penetration is greatly weakened, so
improving the wind-intake capacity of the upwind entrance of the community has greater
significance for the overall wind environment. Likewise, insights can be gained from the
level 3 renovation schemes: When dealing with community renovation, a single scheme
often has limited effectiveness. Considering the complexity of the practical context and
the organic integration of multiple community renovation strategies can maximize the
optimization benefits for the community’s wind environment.

On the other hand, according to the thermal-environment simulation results, al-
though the wind environment of the Laozheng Community was optimized through micro-
renovation, it increased the community’s direct-exposure ratio, leading to increased solar
radiation reaching the ground and increased reflection at pedestrian height, worsening
the outdoor thermal environment and reducing human thermal comfort. However, by
adding shading facilities, the community’s thermal environment was improved, with an
increase in the proportion of “Moderate Heat” areas and a decrease in “Strong Heat” areas
in the UTCI index, enhancing human thermal comfort without significantly affecting the
wind environment.

Moreover, the CIM-WTEPS system used in this study can also be applied to the
renovation of other old communities in different cities. By constructing information models
for communities and conducting rapid parametric simulations (wind environment, thermal
environment, etc.), the study analyzes microclimate changes in communities under different
renovation schemes. It explores the coupled relationship between community morphology
information and microclimate, which is of significant importance for the future sustainable
(re)development of communities to enhance their climate resilience.
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5.4. Limitations

(1) The present study did not take into account the energy consumption of buildings,
the warming effects of ground-surface radiation, and the cooling effects of trees and water
bodies, all of which have a certain impact on the microclimate. These factors will be
included in the scope of future research.

(2) Although the measurement dates are representative of the summer heat character-
istics, three days of data are insufficient to reflect the comprehensive and diverse climatic
characteristics of the community. Future research will extend the data collection period,
including measurements across different seasons and over a longer time span.

(3) The simulation study focuses on improving the microclimate comfort of the com-
munity in summer through morphological renovation, but this may have different impacts
on the climate comfort in other seasons [53,54]. Future research will pay attention to
cross-seasonal analysis.

6. Conclusions

This study focuses on the Laozheng Community, located in a climate zone with hot
summers and cold winters, employing research methodologies such as field measurements,
simulations, and correlation analyses to arrive at the following main conclusions:

1. The Laozheng Community experiences a relatively serious UHI, with an average UHII
of approximately 2 ◦C and maximum values exceeding 6 ◦C. Particularly between
11:00 AM to 2:00 PM when all sites are exposed to direct sunlight, the heat-island
effect intensifies.

2. The optimization effect of the level 1 schemes ranged from excellent to inferior as
follows: “Removing additional objects”, “Increasing the width of air inlet”, “Increas-
ing windward surface”, and “Hollowing”. In the subsequent renovation, attention
should be paid to reducing the enclosure ratio of the building group and increasing the
wind-intake capacity at the community’s entrances. Flexible selection or combination
of renovation schemes should be made to optimize the community morphology, so as
to alleviate the wind-environment problems.

3. The correlation analysis between the morphology indicators and the wind-environment
indicators indicates that although there are many morphology indicators that affect
the community wind environment, building density still plays a dominant role in it. In
the subsequent morphology planning of communities, the control of other indicators
should be considered on the basis of the low density, and this will have important
implications for the sustainable development of the community in the future, making
it more climate-resilient.

4. The morphology renovation improves the wind environment, but also increases the
thermal stress of the community. However, by adding shading facilities, it is possible
to alleviate the thermal-environment issues without affecting the optimization effects
of the wind environment, thereby enhancing the outdoor thermal comfort.
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Table A1. Complete measured data of air temperature in 11 sites, 3 August 2022.

WS A1 A2 A3 A4 A5 B1 B2 B3 B4

7:00 29.8 30.4 29.9 29.9 30.3 30.2 30.6 30.9 30.0 29.6
7:10 29.9 31.0 29.8 30.3 30.2 30.3 30.2 31.8 31.1 30.2
7:20 30.9 31.2 29.9 30.4 30.4 30.6 29.7 31.9 31.1 30.3
7:30 30.8 32.3 31.6 30.1 30.4 30.5 30.9 31.7 31.9 30.5
7:40 31.0 31.7 31.6 30.3 30.5 30.9 31.7 30.9 31.6 31.1
7:50 32.5 33.2 31.9 31.1 31.6 31.3 31.9 33.5 33.1 31.3
8:00 33.3 34.0 33.8 31.4 31.3 30.9 35.3 35.5 33.9 30.8
8:10 34.3 33.4 33.3 31.6 31.9 32.1 34.2 35.3 34.1 32.1
8:20 35.3 35.3 35.2 32.0 32.3 32.1 31.6 34.5 36.0 31.3
8:30 33.8 35.1 33.7 32.3 32.8 31.8 31.8 33.8 36.1 32.9
8:40 34.2 36.7 36.5 33.1 33.4 35.0 34.5 35.0 35.9 36.8
8:50 36.8 39.1 36.3 35.0 33.5 34.6 33.3 36.1 36.4 37.6
9:00 38.9 37.3 36.6 35.0 34.9 35.1 35.1 37.1 34.9 36.9
9:10 37.6 38.3 38.0 36.8 36.2 36.9 36.3 38.3 36.5 37.0
9:20 35.9 40.5 36.6 37.4 36.9 36.0 35.3 37.7 36.3 35.7
9:30 38.8 38.4 35.4 34.4 35.3 34.7 35.9 37.2 37.4 36.9
9:40 38.0 37.0 36.2 36.6 36.2 36.6 34.9 37.2 37.3 37.1
9:50 37.2 37.4 36.1 35.1 36.3 34.9 34.7 36.3 37.6 36.4

10:00 37.7 41.7 36.6 36.1 36.1 36.8 33.8 38.5 37.8 36.1
10:10 37.1 38.9 38.2 37.3 38.1 37.5 35.8 37.8 38.2 36.4
10:20 36.4 37.5 36.7 36.8 36.7 36.8 34.7 38.4 39.9 37.2
10:30 36.4 39.7 36.3 35.4 36.2 36.2 35.2 38.8 38.4 37.9
10:40 34.3 39.5 36.6 36.3 36.7 35.5 36.6 37.6 39.1 37.0
10:50 35.9 37.4 36.8 37.5 37.1 36.3 35.9 38.9 39.0 37.2
11:00 36.8 38.6 37.2 38.0 38.1 37.4 37.9 38.9 39.2 37.7
11:10 37.4 39.9 37.9 37.9 38.2 38.7 38.1 37.5 39.8 38.1
11:20 36.7 38.7 40.0 39.1 38.0 37.7 38.1 37.8 39.4 36.8
11:30 36.9 39.4 38.8 38.8 38.3 38.3 37.1 39.1 39.8 37.6
11:40 35.9 40.2 41.6 38.1 38.7 38.5 36.9 38.9 40.8 38.4
11:50 35.3 40.3 41.5 39.5 38.0 38.7 37.0 39.5 40.9 37.6
12:00 34.7 39.7 39.7 38.3 37.1 39.1 37.4 38.8 39.1 38.5
12:10 35.8 40.2 40.3 38.4 38.2 38.8 38.5 38.8 39.7 38.0
12:20 35.6 39.6 40.1 37.6 38.5 38.6 37.8 37.6 40.6 37.6
12:30 36.6 40.0 41.4 39.0 38.8 38.7 37.9 39.4 39.9 38.6
12:40 35.8 40.0 39.8 39.9 39.0 38.8 38.0 40.3 40.5 38.6
12:50 36.5 40.4 40.7 38.6 39.3 39.4 38.7 39.1 39.7 38.5
13:00 36.2 41.2 39.8 39.2 39.6 39.9 39.4 40.5 39.6 38.7
13:10 36.5 40.7 42.0 38.7 39.6 40.4 39.0 41.6 40.4 39.3
13:20 37.1 40.8 41.5 40.2 40.3 40.9 39.1 39.9 41.1 39.3
13:30 37.4 41.8 42.2 40.0 40.2 41.0 39.6 40.5 40.9 39.1
13:40 38.1 39.4 39.3 39.2 40.1 40.3 40.3 40.2 42.0 39.6
13:50 39.2 39.7 41.4 40.6 41.4 41.2 40.2 40.3 41.0 39.7
14:00 38.9 40.7 41.0 40.3 41.1 40.6 41.5 39.8 41.5 39.9
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Table A1. Cont.

WS A1 A2 A3 A4 A5 B1 B2 B3 B4

14:10 40.0 40.4 42.8 42.1 40.9 41.9 43.0 39.5 42.1 40.3
14:20 40.6 40.3 42.3 41.6 41.5 41.6 44.6 39.3 41.1 40.0
14:30 40.8 42.0 42.8 41.7 42.0 41.6 42.1 39.7 41.5 40.3
14:40 39.2 42.7 43.4 40.7 42.0 43.4 42.7 39.7 41.8 40.3
14:50 39.2 42.2 43.6 41.0 41.9 42.6 43.2 40.1 43.1 40.2
15:00 39.7 40.1 40.9 40.3 41.8 41.3 42.9 39.2 39.9 40.8
15:10 40.4 40.0 42.2 40.4 42.7 42.0 41.6 38.9 39.9 41.5
15:20 39.4 44.0 43.1 41.9 41.5 41.8 41.9 40.8 39.2 42.2
15:30 38.8 43.7 44.5 42.6 42.5 42.1 42.4 38.7 39.5 40.9
15:40 39.9 44.2 41.7 40.0 42.9 42.8 43.0 40.8 39.6 41.4
15:50 39.2 43.8 44.8 44.0 42.6 42.1 41.0 39.4 39.4 41.4
16:00 39.1 43.4 43.6 41.6 41.6 42.2 41.5 39.5 39.1 40.6
16:10 39.0 42.1 44.2 42.6 40.2 42.4 40.4 39.1 39.2 40.7
16:20 38.9 43.9 44.4 39.6 38.7 42.5 41.3 39.6 38.8 40.7
16:30 39.1 43.1 43.0 38.7 38.5 41.1 42.2 38.5 38.7 40.6
16:40 38.6 43.1 43.5 38.0 38.8 41.8 40.1 38.4 38.7 40.6
16:50 38.2 43.0 42.0 38.9 38.3 41.3 40.5 38.7 38.6 40.9
17:00 38.6 42.4 41.7 38.1 38.0 41.1 40.8 39.1 38.3 40.4
17:10 37.8 42.1 42.7 38.6 38.0 40.3 40.1 38.6 38.1 40.1
17:20 37.5 41.2 40.9 38.2 37.8 39.0 40.6 38.0 37.9 39.5
17:30 38.0 41.1 40.1 37.9 38.1 38.2 39.7 37.9 37.9 39.5
17:40 37.4 41.0 40.5 37.6 37.6 38.0 37.9 37.4 37.7 39.3
17:50 37.5 40.3 39.9 37.6 37.7 37.8 37.2 37.9 37.6 39.1
18:00 36.7 39.9 39.1 37.4 37.5 37.6 38.0 37.1 37.0 38.5
18:10 36.9 39.5 38.8 36.5 37.3 37.1 36.9 37.1 36.8 38.0
18:20 36.5 38.5 36.8 36.8 36.7 36.9 36.2 37.0 36.6 38.1
18:30 35.9 37.9 36.4 36.6 36.6 36.8 35.8 36.8 36.3 37.7
18:40 35.2 37.2 36.3 36.1 36.2 36.5 35.5 36.4 36.1 37.4
18:50 35.2 35.3 35.7 35.9 36.1 36.0 35.4 35.7 35.7 36.6
19:00 34.6 34.6 35.5 35.8 35.9 35.7 35.2 35.6 35.5 35.8
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