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1. INTRODUCTION

1.1 Purpose

Global climate change leads to increased ambient temperatures, causing buildings to overheat and
demand more energy while worsening indoor environmental quality. Urban Heat Island (UHI)
effects, caused by local warming in urban areas, further exacerbate these challenges. Existing Urban
Building Energy Modelling (UBEM) struggles to address UHI due to limited data on microscale
climatic conditions and detailed mapping of urban areas. The CRiStAll project aims to address these
gaps by creating detailed climatic datasets and exploring different urban configurations at the
microscale.

Under the CRIiStAll project, three interconnected research lines are developed. These include:

(A) building an urban climate model that incorporates the impacts of the Urban Heat Island (UHI) at
the microscale, as well as the short-, mid-, and long-term (future weather data) consequences of
climate change;

(B) putting the archetype-based Urban Building Energy Model (UBEM) into practice using typical
urban environment configurations (street canyons);

(C) evaluating the impact of climate resilience and UHI reducing methods in urban locations.

Within work package 2, “Future urban climate model including UHI”, which addresses research
line A, a detailed urban climate model will be developed. It will incorporate the impacts of short-,
mid-, and long-term climate changes (utilizing future weather data), as well as the micro-scale effects
of the urban heat island (UHI). Task 2.1, “Methodology definition of UHI and collection of urban
weather data”, focuses on the collection and elaboration of weather data in order to allow the
generation of a database of physical parameters to be used for correcting the bias errors of future
weather data in the next steps of the project. In addition, a particular phase of this task is a systematic
study to identify the best method to incorporate the UHI effect into the weather dataset.

1.2 Deliverable structure

This deliverable is structured into four sections, covering the collection and evaluation of urban
weather data and the integration of the Urban Heat Island (UHI) effect into the weather dataset.
Section 1 serves as the introduction, delineating the purpose (1.1), deliverable structure (1.2), and
partner contributions to Task 2.1 development (1.3). Section 2 addresses the gathering and processing
of weather data to establish a database of physical parameters for project use. Section 3 focuses on
assessing weather data quality, detailing the methodology (3.1) and its application across different
climate zones (3.2). Section 4 represents the final treated weather data, ready to be used for the next
steps. Lastly, Section 5 emphasizes identifying the best method for incorporating the UHI effect into
the weather dataset.

1.3 Contribution of partners

Polito led the task and wrote the deliverable with contributions from the partners involved. It also
carried out the climate data collection and quality assessment for the city of Turin. Units obtained

climate data for the locations of Bari and Rome. This research unit was also in charge of developing
6
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the methodology for climate data cleaning and gaps filling techniques. Unibz reviewed and described
the UWG (Urban Weather Generator) tool for incorporating the urban heat island effect. All the
partners reviewed and finalised the deliverable.

2. COLLECTION OF WEATHER DATA

In the CRIiStAll project, analyses are performed for three localities in different Italian climatic zones.
The selected cities are Bari from climatic zone “C” with HDD2o = 1185 K d, Rome from climatic
“D” with HDD2o = 1415 K d, and Turin from climatic zone “E” with HDD2 = 2617 K d.

Data are gathered from both free field areas and urban environments at hourly time steps. The
parameters collected include temperature, global horizontal solar irradiance, relative humidity, wind
speed, and wind direction. The data collection period spans at least five years, focusing on the period
prior to 2005. This timeframe aligns with the Representative Concentration Pathways scenarios
utilized in CORDEX, where historical forcing is applied until 2005. Additionally, it should be noted
that in certain instances, weather data after 2005 were incorporated based on availability, ensuring a
comprehensive analysis of climatic trends. These data will be utilized for bias adjustment in the
subsequent task (2.2) concerning future weather data.

2.1. Turin

For the city of Turin, the necessary datasets were sourced from ARPA Piemonte (Regional
Environmental Protection Agency). Figure 1 presents the ARPA weather stations available in Turin
province. A comprehensive review of accessible weather stations was conducted to assess parameter
availability and time periods (Table 1). Based on this assessment, data were collected from the
“Torino Buon Pastore” (urban environment) and “Bauducchi” (free field area) stations for ten years
from 1994 to 2003.
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Figure 1: ARPA weather stations in the province of Turin
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Table 1: List of accessible weather stations for the province of Turin

Station Context sim(m)  Temperature Solar irradiance Relative humidity ~ Wind speed Wind direction
CASELLE Airpot 300 From 2003 From 2003 From 2003 From 2003 From 2003
VENARIA CERONDA Extra-urban 253 From 1997 - - - -
TORINO REISS ROMOLI Urban 270 From 2003 From 2003 From 2003 From 2003 From 2003
TORINO ALENIA Urban 320 From 2005 From 2005 From 2005 From 2005 From 2005
TORINO BUON PASTORE Urban 240 From 1989 to 2003 From 1989 to 2003  From 1989 to 2003  From 1989 to 2003 -
TORINO VIA DELLA CONSOLATA  Urban 290 From 2003 From 2003 From 2003 From 2003 From 2003
TORINO GIARDINI REALI Urban 239 From 2004 From 2004 From 2004 - -
TORINO ITALGAS Urban 240 From 1992 to 2001 From 1992 to 2001  From 1992 to 2001
TORINO VALLERE Extra-urban 239 From 2001 - From 2001 - -
PINO TORINESE Extra-urban 619 From1988 From 1988 From 1988 From 1988 From 1988
BAUDUCCHI Extra-urban 226 From 1993 From 1993 From 1993 From 1993 From 1993

2.2. Bari

For the city of Bari, weather data comes from different sources. The web GIS service of ARPA Puglia
allows the extraction of weather data collected from weather stations across the regional territory.
The service can be reached using the link

http://www.webgis.arpa.puglia.it/lizmap/index.php/view/map/?repository=1&project=meteo

Figure 2 presents the location of the available weather stations. Figure 3 points to the area around the
city of Bari, where two locations could be identified: Bari Corso Trieste and Bari Carbonara. The
stations provide all the data required for the present research, such as temperature, relative humidity,
global horizontal solar radiation, wind direction, and velocity. Data are available every 30 minutes
from 2010 to 2024. Both stations are related to locations in an urbanized area but with different
building densities.

Additional weather data can be obtained from the Meteosat interface, https://meteostat.net/it/, with
hourly weather data from 1953 to 2024 for Bari Palese and from 2005 to 2023 for Bari Carbonara.
However, no global radiation data are available; nevertheless, the data of Bari Palese are of particular
importance because the station is in a peripheral area near an airfield. To complete the dataset,
radiation data could be recovered from other sources, such as services that use satellite data to record
this parameter.

Figure 2: Stations of meteo Puglia
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Meteostat Bari Palese

Figure 3: Weather stations in the area of Bari

2.3. Rome
The Rete Micrometereologica of the Lazio Region Provides data for the city of Rome,

https://www.arpalazio.it/web/quest/ambiente/aria/sistema-di-monitoraqggio.

Nine stations have data available for download, and the time span is from 2013 to 2023. Table 2
reports the information about the stations, with highlighted those for the area around Rome. Weather
stations with codes AL001, AL003, and AL004 on the outskirts of Rome and ALOQ7 located in the
city center have been used for this research. Figure 4 shows the location of the considered weather
stations on the map.

Table 2: Weather stations of the Rete micrometeorological of Regione Lazio

Station Code City Latitude Longitude height
Tor Vergata ALOO1  Roma 41.84153 12.64792 104
Latina ALOO2  Latina 41.485 12.84555 25
Cavaliere ALOO3  Roma 41.92889 12.65832 57
Castel di Guido ALO0O4 Roma 41.88942  12.2665 61
Istituto Jucci ALOO5 Rieti 42.42192 12.81172 379
Aeroporto militare Frosinone AL006 Frosinone 41.64012 13.29754 178
Boncompagni ALOO7 Roma 41.9096 12.49657 72
Aeroporto militare Viterbo  ALO08 Viterbo  42.42887 12.05653 297
Ceprano ALOO9 Ceprano 41.543958 13.483648 111
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Figure 4: Considered weather stations for Rome

3. QUALITY ASSESSMENT OF WEATHER DATA

3.1. Methodology

The observational weather data are not immediately usable due to missing values, corrupted values,
and values outside the plausible range, e.g., relative humidity greater than 100 %. These issues may
arise from specific weather conditions, errors in recording and post-processing the data, and loss of
recorded data due to the lack of power supply. To obtain a solid and computable data set of values
for energy analysis, a data quality treatment should be performed on the raw data obtained from
weather stations in order to:

e Check the continuity of the date and time range,
e Find missing values and interpolate them
e Find values outside the plausible range and correct them.

The first step is correcting syntax and writing errors. After this step, the dataset will be treated through
the imposition of four quality rules to identify valid days for the calculation (Pezzi, A. et al., 2023).
The following four rules are to be fulfilled for a day to be considered valid.

e Rule A: every climatic parameter has to be valid for at least 18 hours during the day. This has
to be satisfied in order to have consistent data to be used in the computation and avoid the
presence of too many gaps to be filled with interpolation in the following steps.

e Rule B: the first and last values of the whole dataset have to be valid for all parameters; if
not, the first and/or last day of the set have to be considered invalid. This condition is
necessary because if interpolation of values is to be taken on the first/last day, valid data may
be required in the first/last hour to compute the interpolated values.

e Rule C: for every climatic parameter, a maximum of 6 consecutive hours of invalid data is
acceptable across two contiguous days. This limitation aims to avoid the problem of
interpolating data across too long time intervals, such as near stocks of 5+5 hours of invalid
values.

10
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e Rule D: solar radiation values have to be valid during all hours between sunrise and sunset.
This rule is the most restrictive one because if solar radiation is invalid in just one hour, the
whole day is to be considered unacceptable. This is due to the fact that data gaps are filled
through linear interpolation. However, if this approach is consistent for parameters like
temperature and relative humidity, it cannot be extended to solar radiation because the latter
does not vary on linear bases. Additional efforts are ongoing to overcome this problem.

The research is going on with additional efforts to increase the number of valid data available in the
dataset to obtain improved reference data. For gaps greater than six hours and up to 24 hours, linear
interpolation is adopted using previous and forthcoming 24-hour data if present in the dataset. For
larger gaps up to 48 hours, instead, a SARIMA approximation is under testing. This approximation
is able to replicate the general trend of a time series, improving the database that recovers climate
data. In the case of missing radiation data, a similar approach is under development: a linear
interpolation is performed on the k: value, i.e., the ratio between the radiation on the ground and at
the exterior of the atmosphere since this parameter has a more linear variation than the global
radiation. This approach has been successfully used in literature.

3.2. Application

The methodology was implemented by developing a Python script (Figure 5). After initial validation
and filtering out the invalid parameters, by applying the four mentioned rules and conducting linear
interpolation of the valid data for the three Italian locations, a pool of valid data for each location was
obtained.

Figure 5: A part of the developed Python script

4. FINAL WEATHER DATA

For the three selected Italian cities (Turin, Bari, and Rome), processed weather data that can be
utilised to rectify the bias errors in future weather data during the subsequent stages of the project
have been created. As an example, in this Section, the results for the city of Turin are summarised.

11
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On an hourly basis, the annual averages over ten years (from 1994 to 2003) of temperature, global
solar irradiance, relative humidity, and wind speed are presented for “Torino Buon Pastore” (urban
environment) and for “Bauducchi” (free field area) stations of Turin from Figure 6 to Figure 9,
respectively. Comparing weather data from an inside-city station with an outside-city station can
provide valuable insights into several aspects, including the urban heat island effect.
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Figure 6: Annual mean of the external temperature (1994-2003), on an hourly basis, for two stations of Turin
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Figure 7: Annual mean of the global horizontal solar irradiance (1994-2003), on an hourly basis, for two stations of Turin
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Figure 8: Annual mean of the relative humidity (1994-2003), on an hourly basis, for two stations of Turin
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Figure 9: Annual mean of the wind speed (1994-2003), on an hourly basis, for two stations of Turin

Urban areas experience higher temperatures (Figure 6) due to human activities, such as buildings,
roads, and industrial processes, which absorb and trap heat. For solar irradiance, differences can
reveal the influence of various factors, including urban morphology, atmospheric conditions, and
geographical location. In the case of Turin (Figure 7), the decrease in global solar irradiance might
be due to microclimate effects such as obstructions and air pollution. For relative humidity, urban
areas experience lower levels (Figure 8) compared to free-filed areas due to increased heat and surface
evaporation. A much greater difference in wind speed is observed between the two stations (Figure
9). Due to fewer obstructions, less surface friction, and more even airflow, wind speeds are typically
higher in free-field areas than in urban settings. However, interaction of urban morphology, land use
patterns, topography, and meteorological phenomena can lead to complex wind speed patterns.

13
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5. INCORPORATING URBAN HEAT ISLAND EFFECT

Some tools and methodologies already available in the literature can be used to incorporate the Urban
Heat Island effect in urban scale simulation. Among them, the Urban Weather Generator UWG by
MIT (https://urbanmicroclimate.scripts.mit.edu/uwg.php) was found to be one of the most popular,
with several examples in the scientific literature.

Specifically, from an overview of journal papers about urban microclimate published in the last 10
years and indexed in the Scopus database, 38 of them adopted UWG as a modelling tool. As a whole,
considering these researches only, UWG was employed to study the urban climate conditions in 34
different cities and, in some cases, for different neighborhoods of the same urban settlement. Out of
these 38 researches, examples of applications were often found in Italy (Rome, Catania), China
(Hangzhou, Guangzhou, Nanjing, Nanning, Tianjin, Shenzhen), France (La Rochelle, Lyon, Nantes,
Paris, Toulouse), Spain (Barcelona, Pamplona), as reported in Figure 10.

16%
4%
4% \ 13%
4% —
a7\ 4
7% 11%
7% 7% 9%
= [taly = China = France = Spain
= Ecuador = UAE = USA = Canada
= Chile = Qatar Switzerland Austria
Finland Germany Iran New Zealand

Figure 10: Countries of locations most frequently found in the considered literature applying UWG

The general trend of selected research adopting the UWG shows a positive growth. Starting from
2020, the number of published papers per year has been at least 5/year, with a recent peak of 9 in
2023, demonstrating an increased diffusion of this tool in the framework of the characterization of
urban microclimates.

As regards the UWG modelling, it integrates several meteorological parameters with urban
morphology and site features, giving particular relevance to urban geometry. As shown in Figure 11,
it is based on four different models: (1) the rural station model, (2) the vertical diffusion model, (3)
the urban boundary-layer model, and (4) the urban canopy (UC) and building energy model (BEM).
The rural station model reads the data collected by a rural weather station and performs an energy
balance at the soil surface through finite difference modelling. The calculated rural sensible heat flux
and the collected weather data of air velocity and temperature are then used in the vertical diffusion
model to calculate the vertical air temperature profile above the rural weather station. The rural
sensible heat flux and the vertical air temperature profile are considered as inputs in the urban
boundary-layer model, together with urban sensible heat fluxes calculated by the UC-BEM, in order
to perform an energy balance and estimate the air temperature above the urban canopy layer. Finally,
the UC-BEM is able to derive the urban air temperature and humidity at street level, assuming that
14
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the air inside the considered street canyon is well-mixed. As regards humidity, it is determined by
solving a latent balance under the hypothesis that the humidity in the urban canopy layer is the same
as the weather station.

Air temperature at
different heights.

Vertical Diffusion Model ~~——————>Urban Boundary-Layer model

Air temperatures above
the urban canopy layer

Rural sensible
heat fluxes

Urban sensible
heat fluxes

Rural Station Model [ UC-BEM ]

oo T Urban air temperatures
SRS at street level
at an operational
weather station
vertical diffusion model: urban boundary layer model:

rural station model; urban canopy + building energ

T
=3
alance at the soil surface calculates Towr Bal:

road

Figure 11: The four models part of the UWG. Figures are taken from Bueno et al., 2013 (top figure) and from the UWG website
(https://urbanmicroclimate.scripts.mit.edu/uwg.php) (bottom figure).

Considering both the diffusion of the UWG and its technical features, it has been considered as a tool
to adopt in the framework of the project in order to include UHI effects in UBEM simulations. In
particular, on the one hand, the presence of an already rich literature based on applications of this tool
will allow for easier and more robust comparisons and, on the other hand, the included modelling
techniques and approaches are considered adequate and suitable not only for the characterization of
the UHI effects but also to contribute to the assessment of the efficacy of different mitigation
measures to analyze and discuss in the most advanced phases of the project. Finally, UWG is an open-
source tool, an aspect that will facilitate the future adoption of the CRiStAll methodology by the
NAGE members as well as other external stakeholders.

15


https://urbanmicroclimate.scripts.mit.edu/uwg.php

MISSIONE 4
ISTRUZIONE
RICERCA

6. REFERENCES

Abdi Z., Alizadeh H., Mohammadi S., Sabouri S., 2023. “Analysis of urban form typology using urban
heat island indicators: Case study of Ferdous neighborhood of Tabriz”, Frontiers in Ecology and Evolution
10, 1065538

Arriazu-Ramos A., Ruiz G.R., Izquierdo J.J.P., Gutiérrez A.S.-O., Monge-Barrio A., 2023. “From urban
microclimate to indoor overheating: Analysis of residential typologies during typical climate series and
extreme warm summer”’, Energy and Buildings 299, 113620

Bande L., Afshari A., Al Masri D., Jha M., Norford L., Tsoupos A., Marpu P., Pasha Y., Armstrong P.,
2019. “Validation of UWG and ENVI-met models in an Abu Dhabi District, based on site measurements”,
Sustainability 11(16), 4378

Bavarsad F.S., Maracchini G., Di Giuseppe E., D’Orazio M., 2023. “Impact of Urban Morphology on
Urban Heat Island Intensity in a Mediterranean City: Global Sensitivity and Uncertainty Analysis”. In:
Wang, X. (eds) Future Energy. Green Energy and Technology. Springer, Cham, 129-137

Boccalatte A., Fossa M., Gaillard L., Menezo C., 2020. “Microclimate and urban morphology effects on
building energy demand in different European cities”, Energy and Buildings 224, 110129

Boccalatte A., Fossa M., Thebault M., Ramousse J., Ménézo C., 2023. “Mapping the urban heat Island at
the territory scale: An unsupervised learning approach for urban planning applied to the Canton of
Geneva”, Sustainable Cities and Society 96, 104677

Bueno B., Norford L., Hidalgo J., Pigeon G., 2013. “The urban weather generator”, Journal of Building
Performance Simulation 6(4), 269-281

Dardir M., Berardi U., 2021. “Development of microclimate modeling for enhancing neighborhood
thermal performance through urban greenery cover”, Energy and Buildings 252, 111428

Dardir M., Berardi U., Wilson J., 2023. “Health-informed predictive regression for statistical-simulation
decision-making in urban heat mitigation”, Sustainable Cities and Society 98, 104853

Denhard A., Bandyopadhyay S., Habte A., Sengupta M., 2021. Evaluation of Time-Series Gap-Filling
Methods for Solar Irradiance Applications. National Renewable Energy Laboratory, Golden, CO.

Detommaso M., Costanzo V., Nocera F., 2021. “Application of weather data morphing for calibration of
urban ENVI-met microclimate models. Results and critical issues”, Urban Climate 38, 100895

Huang J., Reitberger R., Banihashemi F., Lang W., 2023. “A novel risk-based design framework for urban
heat island: A case study of Kempten, Germany”, Building and Environment 228, 109671

Henn B., Raleigh M.S., Fisher A., Lundquist J.D., 2013. “A Comparison of Methods for Filling Gaps in
Hourly Near-Surface Air Temperature Data”, Journal of Hydrometeorology 14, 929-945

Jalali Z., Shamseldin A.Y., Ghaffarianhoseini A., 2024. “Urban microclimate impacts on residential
building energy demand in Auckland, New Zealand: A climate change perspective”, Urban Climate 53,
101808

Kamal A., Abidi S.M.H., Mahfouz A., Kadam S., Rahman A., Hassan [.G., Wang L.L., 2021. “Impact of
urban morphology on urban microclimate and building energy loads”, Energy and Buildings 253, 111499

Kamal A., Mahfouz A., Sezer N., Hassan 1.G., Wang L.L., Rahman M.A., 2023. “Investigation of urban
heat island and climate change and their combined impact on building cooling demand in the hot and
humid climate of Qatar”, Urban Climate 52, 101704

16



MISSIONE 4
ISTRUZIONE
RICERCA

Kim H., Gu D., Kim H.Y., 2018. “Effects of Urban Heat Island mitigation in various climate zones in the
United States”, Sustainable Cities and Society 41, 841-852

Li W., 2020. “Quantifying the building energy dynamics of Manhattan, New York city, using an urban
building energy model and localized weather data”, Energies 13(12), 3244

Litardo J., Palme M., Borbor-Cordova M., Caiza R., Hidalgo-Leon R., del Pilar Cornejo-Rodriguez M.,
Soriano G., 2021. “Urban Heat Island Simulation and Monitoring in the Hot and Humid Climate Cities of
Guayaquil and Duran, Ecuador”. In: Enteria, N., Santamouris, M., Eicker, U. (eds) Urban Heat Island
(UHI) Mitigation. Advances in 21st Century Human Settlements. Springer, Singapore, 143-168

Litardo J., Palme M., Borbor-Cordova M., Caiza R., Macias J., Hidalgo-Leon R., Soriano G., 2020. “Urban
Heat Island intensity and buildings’ energy needs in Duran, Ecuador: Simulation studies and proposal of
mitigation strategies”, Sustainable Cities and Society 62, 102387

Liu Y., Chu C., Zhang R., Chen S., Xu C., Zhao D., Meng C., Ju M., Cao Z., 2024. “Impacts of high-
albedo urban surfaces on outdoor thermal environment across morphological contexts: A case of Tianjin,
China”, Sustainable Cities and Society 100, 105038

Ma R., Wang T., Wang Y., Chen J., 2022. “Tuning urban microclimate: A morpho-patch approach for
multi-scale building group energy simulation”, Sustainable Cities and Society 76, 103516

Mao J., Fu Y., Afshari A., Armstrong P.R., Norford L.K., 2018. “Optimization-aided calibration of an
urban microclimate model under uncertainty”, Building and Environment 143, 390-403

Mao J., Norford L.K., 2021. “Urban weather generator: Physics-based microclimate simulation for
performance-oriented urban planning”. In: Palme, M., Salvati, A. (eds) Urban Microclimate Modelling for
Comfort and Energy Studies. Springer, Cham, 241-263

Mao J., Yang J.H., Afshari A., Norford L.K., 2017. “Global sensitivity analysis of an urban microclimate
system under uncertainty: Design and case study”, Building and Environment 124, 153-170

Martinez S., Machard A., Pellegrino A., Touili K., Servant L., Bozonnet E., 2021. “A practical approach
to the evaluation of local urban overheating— A coastal city case-study”, Energy and Buildings 253, 111522

Palme M., Inostroza L., Villacreses G., Carrasco C., Lobato A., 2019. “Urban climate in the South
American coastal cities of Guayaquil, Lima, Antofagasta, and Valparaiso, and its impacts on the energy
efficiency of buildings”. In: Henriquez, C., Romero, H. (eds) Urban Climates in Latin America. Springer,
Cham, 33-62

Pezzi A., Lupato G., Manzan M., Murano G., 2023. “Climatic data quality check and performance
assessment of EN 1SO 15927-2 Cooling Design Days selection method in Italy”, Energy and Buildings
278, 112668

Salvati A., Coch H., 2021. “Urban climate and building energy performance in compact cities in
Mediterranean climate”. In: Palme, M., Salvati, A. (eds) Urban Microclimate Modelling for Comfort and
Energy Studies. Springer, Cham, 105-135

Salvati A., Coch Roura H., Cecere C., 2016. “Urban heat island prediction in the mediterranean context:
An evaluation of the urban weather generator model, [Prediccion urbana de la isla de calor en el contexto
mediterraneo: Una evaluacion del modelo generador de tiempo urbano]”, Architecture, City and
Environment 11(32), 135-156

Salvati A., Monti P., Coch Roura H., Cecere C., 2019. “Climatic performance of urban textures: Analysis
tools for a Mediterranean urban context”, Energy and Buildings 185, 162-179

17



MISSIONE 4
ISTRUZIONE
RICERCA

Salvati A., Palme M., Chiesa G., Kolokotroni M., 2020. “Built form, urban climate and building energy
modelling: case-studies in Rome and Antofagasta”, Journal of Building Performance Simulation 13(2),
209-225

Shen P., Liu J., Wang M., 2021. “Fast generation of microclimate weather data for building simulation
under heat island using map capturing and clustering technique”, Sustainable Cities and Society 71,
102954

Toesca A., David D., Kuster A., Lussault M., Johannes K., 2022. “An urban thermal tool chain to simulate
summer thermal comfort in passive urban buildings”, Building and Environment 215, 10898

Vuckovic M., Hammerberg K., Mahdavi A., 2020. “Urban weather modeling applications: A Vienna case
study”, Building Simulation 13(1), 99-111

Xu G., LiJ., Shi Y., Feng X., Zhang Y., 2022. “Improvements, extensions, and validation of the Urban
Weather Generator (UWG) for performance-oriented neighborhood planning”, Urban Climate 45, 101247

Xu G., Zhao H., LiJ., Shi Y., Feng X., Zhang Y., 2023. “Multivariate thermal environment data extraction
and evaluation: A neighborhood scale case in Guangzhou, China”, Building and Environment 234, 110190

Yang Y., Gu Q., Wei H., Liu H.,, Wang W., Wei S., 2023. “Transforming and validating urban
microclimate data with multi-sourced microclimate datasets for building energy modelling at urban scale”,
Energy and Buildings 295, 113318

Yaqubi O., Rodler A., Guernouti S., Musy M., 2022. “Creation and application of future typical weather
files in the evaluation of indoor overheating in free-floating buildings”, Building and Environment 216,
109059

Yin S., Xiao S., Ding X., Fan Y., 2024. “Improvement of spatial-temporal urban heat island study based
on local climate zone framework: A case study of Hangzhou, China”, Building and Environment 248,
111102

18



