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Abstract. The urban canopy layer (UCL) exhibits complex, heterogeneous flow patterns shaped by urban geometry. Tradition-
ally, research has relied on microscale simulations over limited and often idealized building arrays, leaving a need for more
extensive datasets to capture the dynamics across diverse urban neighborhoods. Responding to this gap, we developed an exten-
sive dataset, known hereafter as UrbanTALES, based on state-of-the-art Large Eddy Simulations (LES) over 538 urban layouts
(generated using over 3,000,000 CPU hours and 35 TB of storage) with both idealized and realistic configurations. Realistic
urban neighborhood configurations were obtained from major cities worldwide, incorporating wide variations in building plan
area densities [0.06-0.64] and height distributions [4-50m]. Idealized urban arrays, on the other hand, include two commonly
studied configurations (aligned and staggered building arrays), featuring both uniform and variable height scenarios along with
oblique wind directions. UrbanTALES offers canopy-averaged flow data as well as 2D and 3D flow fields tailored for different
applications in urban climate research such as the development and testing of urban canopy models. The dataset provides time-
averaged wind flow properties, as well as second- and third-order flow moments that are critical for understanding turbulent
processes in the UCL. Here, we describe the UrbanTALES dataset and its applications, noting the unique opportunity to use
high-fidelity simulated flow in realistic urban neighborhoods to: a) revisit neighborhood-scale urban canopy parameterizations
in various climate models; and b) inform in-canopy flow and turbulent analyses in complex urban configurations. UrbanTALES
is openly available at https://urbantales.climate-resilientcities.com/ and can be extended to incorporate future LES datasets in
the field.

1 Introduction

Numerical modeling of urban physics has historically focused on the representation of three key physical processes: 1) airflow

and turbulence within and above urban roughness, 2) energy balance of urban surfaces, and 3) mass (water and pollution)
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transfer in urban canopies (Oke et al., 2017; Nazarian et al., 2023). While these three processes are intricately interdependent,
many models typically center around one, with some efforts attributed to coupling their interaction.

Focusing on airflow and turbulent exchanges, Computational Fluid Dynamics (CFD) models - which solve the Navier Stokes
(NS) equations to describe fluid flow - represent a primary method. Microscale CFD simulations have enabled high-resolution
(sub-meter) analyses of three-dimensional flow and turbulent properties within the urban canopy (Toparlar et al., 2017; Garcia-
Sanchez et al., 2018; Nazarian et al., 2018b) while also being used as an effective basis for developing urban canopy param-
eterizations (Santiago and Martilli, 2010a; Nazarian et al., 2020; Buccolieri et al., 2021; Nazarian et al., 2018b). These CFD
simulations fall into three main categories based on their turbulent parameterizations: a) Reynolds-averaged Navier Stokes
(RANS), modeling time-averaged flow and turbulence with lower computational costs, b) Large Eddy Simulations (LES) mod-
els, parameterizing the smallest length scales and resolving larger-scale eddies, and c) Direct Numerical Simulations (DNS)
explicitly solving NS equations without any turbulence parameterizations (Oke et al., 2017; Nazarian et al., 2023). While
DNS models enhance our theoretical understanding (Coceal et al., 2007), their high computational cost makes LES and RANS
models more practical for assessing urban flow processes. RANS models perform well for time-averaged wind speed and pol-
lution, but fail to accurately represent turbulent exchanges, whereas LES is state-of-the-art for accurately capturing turbulent
exchanges of momentum and energy in urban environments (Garcia-Sdnchez et al., 2018; Nazarian et al., 2020).

In the last decade, LES models have been extensively utilized to enhance our understanding of urban canopy flow, examining
both idealized (Xie et al., 2008; Moon et al., 2014) and realistic (Xie and Castro, 2009; Park et al., 2015) urban layouts. Despite
some efforts to account for thermal forcing (Geleti€ et al., 2021) and trees (Giometto et al., 2017; Buccolieri et al., 2018) in
realistic street canyons, most of these studies have focused on the impact of built geometry in neutral conditions. This emphasis
is not solely due to model limitations or computational constraints in representing realistic urban settings; rather, it stems from
two key factors. First, we are still developing our understanding of the impacts of realistic urban form (encompassing both
horizontal and vertical heterogeneity) on urban flow and turbulence (Lu et al., 2023b). This has motivated numerous studies
that evaluate the contribution of urban form in isolation. Second, there is a recognition that thermal forcing’s influence on
flow is intricately linked to the ratio between momentum and thermal forcing (Santiago et al., 2014; Sim6n-moral et al., 2016;
Nazarian et al., 2018a). In other words, there are still numerous scenarios and atmospheric conditions throughout the day when
urban canopy processes are predominantly driven by momentum forcing.

In essence, the field is still grappling with fundamental questions about how realistic urban neighborhoods influence airflow
within the canopy and flux exchange between the surface and the urban boundary layer, as well as how these processes can be
effectively represented in various urban canopy models. Current efforts to address these challenges include evaluating idealized
simulations that specifically explore variations in density or height distribution (Wang et al., 2022; Lu et al., 2023a), as well as
investigations into drag and length-scale parameterization for urban canopy models (Nazarian et al., 2020; Siitzl et al., 2021). In
contrast, research focusing on realistic neighborhoods often relies on a handful of urban layouts to examine flow properties such
as turbulent and dispersive fluxes (Giometto et al., 2016; Akinlabi et al., 2022; Cheng and Yang, 2023) or pollutant dispersion
(Lim et al., 2022). A recent approach to characterizing urban configurations also introduced the use of local climate zone

(LCZ) classifications (Stewart and Oke, 2012) for systematic comparisons of urban neighborhoods (Nagel et al., 2023). i.e.,



55

60

65

70

75

80

85

focusing on 10 urban classes as opposed to detailed urban data. However, as urban layouts can vary significantly within each
LCZ, and with the increasing availability of high-resolution, gridded urban datasets, the reliance on generalized class-based
methods such as LCZs may no longer be the most effective approach (Lipson et al., 2022).

Most of the existing literature relies on limited representations of urban areas, and many studies duplicate simulations
across various idealized layouts. This approach poses challenges when extrapolating findings to different neighborhoods and
introduces uncertainties in parameterizations of surface fluxes. Some notable studies have attempted to address this gap by
leveraging more comprehensive datasets. Kanda et al. 2013a used an extensive dataset of more than 100 large-eddy simulations
(LES) to refine the parameterization of aerodynamic parameters such as roughness length and displacement height for real
urban areas. Their work also provided horizontally averaged turbulent statistics and surface drag corresponding to diverse
urban morphologies. More recently, Lu et al. 2023b and 2023a used more than 100 LES simulations in both idealized and
realistic urban layouts to identify key geometrical parameters that capture the effects of horizontal and vertical heterogeneities
on urban airflow. Despite these advancements, such datasets are often inaccessible to the broader scientific community or
limited in the parameters and setups they release, thereby restricting their broader applicability to urban canopy modeling. To
address this gap, we aim to expand, standardize, and openly share the LES cases developed in Lu et al. 2023b and 2023a,
enabling their application across a wide range of urban climate research contexts. The outcome is an openly available dataset
comprising 538 LES cases for both realistic and idealized urban layouts, hosted on an open, user-friendly web-based platform.

This paper details the workflow for modeling, post-processing, and openly sharing this LES dataset. The dataset includes
canopy-averaged flow properties, as well as two- and three-dimensional fields encompassing time-averaged wind flow prop-
erties and second- and third-order flow moments. We present sample results showcasing canopy- and horizontally-averaged
properties, illustrating the differences between realistic and idealized cases. Lastly, we discuss the dataset’s applications and

introduce the web-based dissemination platform, which facilitates seamless access and usability for the research community.

2 Numerical Modeling and Computational Setup
2.1 Large Eddy Simulation: Model Configuration and Evaluation

Large-Eddy Simulation (LES) is the state-of-the-art modeling approach for accurately and practically capturing turbulent
exchanges of momentum and energy in urban environments, and is therefore suitable for a range of applications focused on
urban canyons as well as surface-atmosphere fluxes over urban surfaces. The LES model used here is the Parallelized Large-
eddy Simulation Model (PALM), version r4554 (Maronga et al., 2020), a sophisticated computational tool developed over two
decades. PALM leverages parallel computing architectures to simulate turbulent flows in complex environments, such as urban
areas, with high spatial and temporal resolution (Raasch and Schroter, 2001; Maronga et al., 2015). Its dynamic regularised
gradient subgrid-scale turbulence model enhances accuracy by effectively capturing the interactions between resolved and
unresolved turbulence scales. Furthermore, PALM has been extended into PALM-4U, a multi-physics urban climate modeling
framework that incorporates surface energy balance processes, radiation, hydrology, vegetation effects, and building energy

modeling (Maronga et al., 2019). These advanced capabilities make PALM an ideal platform for developing the UrbanTALES
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dataset, which aims to expand beyond the neutral atmospheric conditions explored here to encompass a wider range of urban
meteorological scenarios.

PALM has undergone extensive validation against measurements (Park et al., 2012; Yaghoobian et al., 2014; Maronga et al.,
2015; Nazarian et al., 2018b; Maronga et al., 2020) and has been widely employed for investigating turbulent flow over urban
canopies. For the current study, the simulation setup (as indicated in Table 1) builds on prior research (Nazarian et al., 2020; Lu
et al., 2023a, b) and is consistent across all configurations to facilitate systematic comparisons. This setup was further validated
against DNS simulations (Coceal et al., 2007) and wind tunnel experiments (Brown et al., 2001) in idealized configurations

(Nazarian et al., 2020).

Table 1. Numerical configurations of PALM in UrbanTALES

Model configuration Scheme
Turbulence closure 1.5-order closure (Deardorff, 1980)
Vertical discretization Arakawa staggered C-grid (Arakawa and Lamb, 1977)
Horizontal discretization Second-order central differences (Piacsek and Williams, 1970)
Time discretization Minimal storage scheme (Williamson, 1980)
Pressure solver FFTW (Frigo and Johnson, 1998)
Lateral boundary conditions Periodic
Surface boundary condition Neumann following log law (roughness length 0.01m)
Top boundary condition Dirichlet (no-slip)
Topography 2D building height in ASCII form

Sensitivity analyses from Nazarian et al. (2020) and Lu et al. (2023b) further informed key factors influencing simulation
accuracy, including geometrical configurations (domain size and height), grid resolution, and run-time parameters (spin-up
time, sampling frequency, and time-averaging interval). Domain height and resolution were found to be most critical. The
total domain height (Hr) was set to 5 — 8 times the mean building height (H,,¢q,), as smaller heights (e.g., 4H,,,eqn Used in
RANS studies (Santiago and Martilli, 2010b)) affected Reynolds stress and Turbulent Kinetic Energy (TKE) profiles above
the canopy. Hr was set to ~ 130m and kept uniform for all cases to enable more accurate and systematic comparisons. We
then restricted the maximum building height to 50m, equivalent to a 20-story building, to ensure that the simulation domain is
adequately large to resolve large-scale eddies generated by buildings, while also facilitating the examination of tall structures
within urban contexts.

Grid sensitivity tests demonstrated that resolutions of 1m and below were necessary for the accurate convergence of 2D
fields and profiles. Further comparisons of 1m and 0.5m resolutions by Lu et al. (2023b) confirmed that vertical profiles of
wind speed, momentum fluxes, and TKE profiles remained within a +5% confidence range. Some underestimation of TKE and
maximum wind speed occurred near small building gaps due to under-resolved smaller eddies in the coarse grid. However,
1m resolution was shown to effectively balance computational efficiency and accuracy and was therefore used for realistic

configurations, while 0.5m was adopted for idealized configurations that are less computationally intensive. The vertical grid
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resolution is uniform for the first 50 meters and stretched thereafter with a stretching ratio of 1.1 (Santiago et al., 2010;
Nazarian et al., 2020). Finally, sensitivity analyses informed the run-time parameters, informing the 4-hour spin-up phase
(~140 eddy turnover times, Hgomain/u-) for all simulations to achieve quasi-steady state conditions (Sect. 3). Outputs were
then time-averaged and stored every half-hour over 8 hours (~375 eddy turnover times). The simulation setups are consistent
with previous applications of PALM for urban studies (Wang et al., 2024; Blunn et al., 2022), supporting the setup and essential
parameters for achieving high-fidelity LES results.

We studied urban canopy flow with neutral atmospheric conditions, that is, the only external driver is a constant pressure
gradient, applied in the whole domain, in the streamwise wind direction (z),
TP Aa(2)p2 [Vaiy ~ pu | Hr, (1)
Or

where A, (z) is the surface area of air at height z, p is the density of air (assumed constant with height), ., is the friction
velocity, and V;, is the total volume of air. Note that the relative importance of thermal forcing or convection to the dynamic
drive was found to be minor if the ratio between roughness scale and stability length scale H/L,, < 1 (Simén-moral et al.,
2016), or the ratio between momentum and thermal forcing (Nazarian et al., 2018b), is small. Therefore our evaluation of
the flow is not strictly constrained to neutral conditions but also can be used to inform urban canopy flow with a mild range
of thermal forcing. During iterations, the driver is balanced by the force generated through interactions with the roughness
elements in the canopy (Siitzl et al., 2021). The Reynolds number Re, = u, Hy /v ~ 2.5x10° is large enough to neglect viscosity

effects and for the flow to be Reynolds number independent.
2.2 Simulation Cases

A total of 538 LES cases are included in the first release of UrbanTALES. The simulation cases are categorized into two distinct
groups: a) idealized configurations, where urban layouts are determined by varying plan area density (A,) and building height
distribution (Section 2.2.1), and b) realistic configurations, where diverse urban neighborhoods are selected from datasets
providing detailed global maps at the building scale (Section 2.2.2). In idealized arrays, building footprints and street geometry
remain uniform, while realistic neighborhoods have varying building footprints and street alignments found in real locations.
To ensure comprehensive coverage, we further evaluated a range of building height distribution in both configurations.

Figure 1 displays the geometric parameters for all simulation cases, comparing them with the LES results from Kanda
et al. (2013b) which was focused on Japanese neighborhoods. In both idealized and realistic categories, our approach ensures
the representation of the most typical urban densities observed in global cities, i.e., A, € [0.065,0.65] (Oke et al., 2017).
UrbanTALES simulation cases cover the same range of A, as Kanda et al. (2013b), while representing a larger range of Ay,
particularly more neighborhoods with high A, but low Af (i.e., compact low- and mid-rise) or low A, and high Af (i.e., open
mid- and high-rise). Although the maximum height of the buildings in our simulations was restricted to 50m (~ 15 story), this
range captures neighborhoods with mid-rise and some high-rise buildings common in urban areas across most countries in
the Americas, Europe, Africa, and Oceania. Some skyscraper-dominated neighborhoods with building heights exceeding 50m

(seen in Asian cities) are not covered in the current dataset, which warrants separate investigation. Nevertheless, the presented



dataset provides the largest sample size of urban flow data comprehensive for mid-rise to high-rise configurations typical of

145 most global cities, providing a robust foundation for studying urban densities and aerodynamic effects.

150

155

160

K2013-idealized
144 K2013-realistic
O NN2024-idealized 300 -
© N2024-realistic 40 1
124
250 4
1.0 304
g —_
— c 200 4
06 IS flf
hnd —_ -
~< ©
f 20 £ 150
e
0.6 :C
@ “ ® 100
0.4 bl e}
10 1 @ ]
® o
oo o 50 <] [ )
0.24 £ ¥
o] ® ® o
0.0 T T T T T T T T T T T T T T T T
0.0 01 0.2 03 0.4 05 0.6 0 10 20 30 40 50 o 10 20 30 40
Ap Hmean [M] Hg [m]

Figure 1. Distribution of urban geometrical parameters in UrbanTALES compared with LES simulations of Kanda et al. (2013a), A\, and A
represent plan and frontal area density, Hy, Hprean, and Hmqq represent standard deviation of building height distribution and mean and

maximum of building height.

2.2.1 Constructing Idealized Urban Neighborhoods

Conventionally, two designs of idealized building arrays—aligned and staggered configurations—have been used to represent
real neighborhoods (Coceal et al., 2006). The aligned array typically represents scenarios featuring a single, uninterrupted street
aligned parallel to the prevailing wind direction, simulating an extreme case of urban layouts. In contrast, the staggered array
is often employed to calibrate urban canopy models (UCM) (Santiago and Martilli, 2010c; McNorton et al., 2021), as it avoids
the presence of major wind-aligned corridors, which can artificially reduce building drag. While both configurations simplify
real-world complexities, Lu et al. 2023b demonstrated that staggered arrays offer a closer approximation to average urban flow
conditions for low-density neighborhoods. Conversely, aligned arrays better describe high-density urban areas, capturing key
features of their airflow dynamics.

UrbanTALES expands idealized configurations used in Lu et al. (2023a). Both staggered and aligned configurations are
included with two wind directions (0° and 90°), three height distributions, and four maximum building heights (H,ax)
(Table 2). The same volume of roughness elements is maintained by fixing the mean building height (H,ean=16m) across
all cases. To achieve representative vertical heterogeneity, we then consider three standard deviations of building height,
H, € [0m, 2.8m, 5.6m], with different maximum building height (H,,.x) to generate four types of urban arrays: a) Uniform
urban arrays with constant building height, used to build urban canopy parameterization in Nazarian et al. (2020); b) Contin-

uous configuration representing a continuous change in building height distribution with a relatively low Hy,x; ¢) Clustered
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configuration featuring clusters of low and tall buildings, each consisting of three buildings; and d) High-rise configuration
featuring one high-rise and three low-rise building blocks. Each configuration is then constructed with 8 urban packing den-
sities, i.e. A, €[0.0625,0.1111,0.16,0.25,0.35,0.4444,0.53,0.64], to achieve horizontal heterogeneity. Further incorporating

two varying wind directions, this yields a total of 224 simulation cases.

Table 2. Dataset details for 224 idealized urban arrays discussed in this study. Two idealized horizontal arrangements are distinguished by
red (aligned) and black (staggered) colors. Four building height arrangements (Uniform, Continuous, Clustered, and High-rise) with two
standard deviations (SD) of height configurations are considered. The maximum Hpax and minimum H i, building heights and a 3D view

of example (A, = 0.25) are shown below each category.

Height configuration Uniform Continuous Clustered High-rise
Staggered
H, [m] 0 2.8 5.6 2.8 5.6 2.8 5.6
Hpean [m] 16 16 16 16 16 16 16
H iy [m] 16 10 4 11 6 12.5 9
Hyppax [m] 16 20 24 21 26 26.5 37
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Aligned
H, [m] 0 2.8 5.6 2.8 5.6 2.8 5.6
Hyppean [m] 16 16 16 16 16 16 16
H iy [m] 16 12 8 11.5 7 13 10
Hpax [m] 16 20 24 20.5 25 25 34
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2.2.2 Selecting Realistic Urban Neighborhoods

Globally, building-scale urban datasets are becoming increasingly available in various cities (such as NYC OpenData in the
USA and Geoscape (PSMA Australia, 2020) in Australia), providing high-quality spatial data. However, differences in data
collection methods, formats, resolutions, and metadata standards often limit the creation of uniform and comparable represen-
tations of urban neighborhoods. To address this and ensure global coverage of realistic urban neighborhoods (Herfort et al.,
2023), we primarily rely on OpenStreetMap (OSM) for building footprints. OSM is a free, editable map of the world, built and

maintained by a community of contributors. To supplement OSM data and address gaps in building polygons, we integrated
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Figure 2. Schematic diagram of downloading, rasterization, and regularization of building footprint using OSM2LES to prepare urban

topography for LES simulation.

data from Microsoft Open Buildings. This combined approach enabled the development of OSM2LES (Lu et al., 2022), a tool
designed to efficiently extract building footprints from OSM (OpenStreetMap contributors, 2017) and process them for LES/-
PALM simulations. Using OSM2LES, each realistic urban neighborhood is generated based on the bounding box for the area
of interest, the desired resolution, and default building heights (optional) given by users, following three key steps (Fig. 2):

1. Downloading and rasterization: OSM2LES takes the bounding box specific by the user (blue vertices and lines as
indicated in the first column of Fig. 2) to download raw *.osm file format from OSM. This OSM output represents the
building footprint in vectorial form which is not suitable for PALM simulations that only recognize raster of building
height for urban topography. The OSM2LES code then rasterizes the building footprint data given a prescribed resolution
(1m here) and fills the building grids with height information or a default value the user prescribes. If height information
is not available in OSM, we complement it with secondary sources like World Settlement Footprint (WSF3D (Esch
et al., 2022)). This additional height data will be released in the next version of OSM2LES. The Level of Details (LOD,
(Biljecki et al., 2016)) for the resulting realistic layouts is equal to 1.2 for the cases of uniform height and 1.3 for variable
heights. In these LODs, the small horizontal building elements (equal or larger than 1m? under 1m resolution) were

identified, but a uniform flat roof shape is applied.

2. Rotation and cropping: The selected domain for urban topography after rasterization may include some artificial empty
space at corners (Fig 2). Therefore, it is necessary to rotate and crop the resulting domain. The cropping should leave
reasonable lateral space of roughly equal to the half (considering the periodic boundary condition in Sec. 2.1) of typical
street width (3m) for better representation of the urban neighborhoods. It is worth noting that rotation of the domain does
not break the realism of the simulation in that, it is equivalent to applying a specific prevalent wind forcing that exists in
the real world. There is a range of domain sizes since the shapes of realistic urban neighborhoods (naturally bounded by
surrounding streets) vary inherently. UrbanTALES covers neighborhoods ranging from 300 x 300m? to 1000 x 1000 m

in area, which is equivalent to the grid resolution of contemporary mesoscale models.
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Figure 3. Geographic representation of realistic neighborhoods selected for LES simulations. We consider both uniform and variable height

scenarios, to ensure that we cover both horizontal and vertical heterogeneities that enable comparison with idealized cases (Lu et al., 2023b).

195 3. Geometry evaluation: In this step, the statistical information regarding the morphology, such as plan and frontal area
density (A, Ay), alignedness (v, (Lu et al., 2023b)), are calculated. The rasterized urban topography (depicted as a 2D
array of building heights where zeros indicate non-building grids) is then output in a plain text format, which is required

for PALM simulation and is easily readable by users.

The primary objective of this dataset is not to replicate the exact flow conditions of individual neighborhoods but to capture
200 a diverse range of horizontal and vertical heterogeneity (Fig. 1) to assess the impact of urban morphology on airflow and
turbulence fields, further informing the development of urban canopy models. As such, urban roughness elements other than
buildings, such as trees, vehicles, and temporary structures, were not included in the flow simulations and left for future
extensions of the dataset. Similarly, while surface elevation can fundamentally influence urban canopy flow, it is challenging

to generalize and was therefore excluded from the urban topography in this study.
205 A total of 314 realistic simulation cases are considered in UrbanTALES, of which 160 feature uniform building heights
primarily used to study the impact of horizontal heterogeneity (Lu et al., 2023b), and 154 incorporate variable height data.

These cases are taken from a diverse range of cities spanning 22 countries (Fig. 3) ensuring a representative global dataset.
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The simulations span a wide range of packing and frontal area densities shown in Fig. 1, providing a robust foundation for

investigating urban aerodynamics in realistic urban configurations.

3 UrbanTALES Data Processing and Dissemination

In this section, we describe the post-processing of PALM simulation outputs. This step is critical due to the substantial data
volume, exceeding 35 TB in its original format. To manage this large dataset and provide quality-controlled, relevant informa-
tion, we employ standard time- and spatial-averaging procedures. Time-averaging is performed over intervals longer than the
scale of the slowest eddies, while spatial averaging is conducted over lengths greater than the typical spatial deviations in the
flow based on the desired applications (Raupach and Shaw, 1982; Finnigan, 1985).

All cases use a consistent time-averaging period, where outputs are averaged over 7 hours following a 4-hour spin-up phase
(detailed in Sect. 2.1). The adequacy of the spin-up and averaging intervals is validated by analyzing the time series of total
kinetic energy (KE) across all 538 cases in UrbanTALES (Fig. 4). A quasi-steady state is achieved in all simulations, as
indicated by the stabilization of volume-averaged KE after the spin-up period. Realistic urban geometries, which generate less
KE than idealized building arrays, reach a quasi-steady state more quickly. This is likely due to realistic morphologies having
higher roughness, slowing down and stabilizing the flow faster, while idealized configurations have a uniform repeating unit
that creates persistent streamwise motion (Coceal et al., 2006). For less than 1% of cases - three cases with the highest density
of 0.64 in idealized configurations - a quasi-steady state is achieved slightly later, but still within the 4-hour spin-up period.
These results confirm the appropriateness of the chosen time intervals and eddy turnover time for ensuring robust and reliable

simulation outputs.

—— Staggered
—— Aligned
| —— Realistic
—=—- Averaged

Time [hour]

Figure 4. Time-series of total kinetic energy (KE) indicating the quasi-steady state and time-averaging window from 4th to 11th hour. The
color of the lines reflect the urban geometry configuration, where black, red, and green lines (with transparency to distinguish different cases)

represent staggered, aligned, and realistic, respectively. The yellow dotted line represents 538-cases-averaged time series.
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Figure 5. Overview of the UrbanTALES dataset file structure. The metadata datasheet and canopy-averaged flow statistics are provided at the
whole dataset level. The topography information (including visualized urban geometry along with some geometrical details), PALM input,

vertical profiles, pedestrian-level flow field, and ensemble 3D field are provided at individual case level.

Figure 5 provides an overview of the post-processed data in UrbanTALES and illustrates how the released outputs are
categorized to support urban airflow analyses and the development or refinement of urban canopy models. For the entire Ur-
banTALES dataset, we share a metadata file that captures statistical morphology information for each simulation domain. This
encompasses configurations and neighborhood characteristics (for idealized cases), urban densities (Ap,Ap, and ), building
height statistics (H.nin, Hmaz, and H, ), and prevailing wind directions. For realistic urban neighborhoods, additional loca-
tion information is provided, including the city, country, and neighborhood coordinates (latitude and longitude). An example
metadata file is available in Appendix A, with a detailed definition of each parameter included in the readme.md file within the
folder of each simulation case. In each individual simulation folder, we also include the input files required to reproduce the
simulations in PALM. These consist of the *p3d namelist file and the 2D urban topography file (¥*fopo) that are in PALM input
formats. This ensures the reproducibility of the flow field simulations.

Simulation outputs are offered with varying levels of spatial averaging to support a range of urban flow modeling applica-
tions. The temporally averaged 3D flow field is horizontally averaged to derive vertical profiles, canopy-averaged to evaluate
the cumulative effects of urban morphology, and sampled at the pedestrian level for urban wind studies (Fig. 5). Canopy-
averaged flow statistics are provided across the dataset. The definition of urban canopy varies in literature (Castro, 2017), here,
we use a simple urban canopy definition that spans vertical levels from the ground to H ,ean, and volume-averaging is applied

to the 3D flow field. The outputs include first-order flow moments such as velocity components (u,v,w), wind speed (U),
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260

pressure (p), and scalar (c); second-order flow moments such as variances (TKE components) and covariances (e.g., Reynolds
stresses); and third-order flow moments required for calculating TKE budget terms. These metrics collectively represent the
aggregate effects of buildings on the flow field (Martilli et al., 2002) and are essential for urban canopy parameterizations (Lu
et al., 2024b).

For vertical profiles, we used intrinsic spatial averaging (Mignot et al., 2008) over airflow where averaging is performed
over the part of the domain occupied by air. This approach may cause discontinuities in vertical profiles (e.g., TKE profiles
in Fig. 9) at the heights where building density changes but can be corrected by introducing additional terms to account for
density variations (Blunn et al., 2022). Similar to variables considered in the canopy-averaged process, we include the first,
second, and third flow moments but extend the dataset with other related flow statistics such as turbulence length scales and
eddy-diffusivity for momentum (Nazarian et al., 2020; Lu et al., 2024b).

For pedestrian-level analyses, the horizontal flow field was sampled at a grid level of z = 1.75m. Figure 6 illustrates wind
speed patterns over sparse, medium, and dense urban configurations as examples of these outputs. For rigorous fluid dynamic
evaluation of the dataset, UrbanTALES also includes the ensemble-average 3D field over repeating units for idealized configu-

rations with uniform building height (Nazarian et al., 2020). Additional 3D datasets will be available upon request as they are

large datasets that cannot be transferred for all simulation cases.

Figure 6. Three examples of instantaneous wind field over realistic neighborhoods from Northfield Township, United States (A, =0.131)
Melbourne, Australia (A, =0.342), and Tokyo, Japan (A, =0.590) respectively. The horizontal plane is sampled at the pedestrian height

(z = 1.75m). Two vertical cross-sections at positions x = y = 55m are also shown. Full animations are available in the supplementary material.

3.1 Web-based Data Platform

The extensive scope (Fig. 5) and case count of UrbanTALES could make it challenging for users to locate and get access
to a subset of the dataset that fits their analyses and applications. To address this, we developed a web-based data platform
for UrbanTALES (accessible through urbantales.vercel.app/), which allows users to filter the data based on options such as
horizontal and vertical urban configurations, prevailing wind directions, and density ranges. The schematic of the platform is

shown in Appendix B.
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4 The UrbanTALES dataset

In this section, we show three examples of commonly produced analyses enabled by UrbanTALES. Figure 7 reproduced

Fig. 11 from Lu et al. (2023b), focused on canopy-averaged flow properties such as normalized mean wind speed ((U)/u,),
TKE ((k)/u2), Reynolds stress (-/(u/w’) + (vw’) [u?), and dispersive fluxes (-/{a@@) + (0w)/u2). These flow parameters are
shown against common density parameters such as A, and A, as well as the newly-introduced street connectivity parameter (vy)
that was shown to better depict the canopy-averaged flow statistics in (Lu et al., 2023b). A clear distinction emerges between
the behavior of realistic urban neighborhoods and idealized urban layouts commonly used to inform urban canopy parameteri-
zations. Realistic configurations exhibit weaker and less consistent relationships with the conventional density metrics (A,, Af)
and frequently deviate from regression lines fitted to the idealized datasets. In contrast, the street connectivity parameter (),
which quantifies the uninterrupted distance urban airflow can travel without being blocked or diverted, demonstrates a stronger
correlation across the entire dataset. While a detailed quantitative assessment of these relationships lies beyond the scope of
this manuscript, the scatter plots underscore the utility of canopy-averaged properties for urban airflow analyses facilitated by
the UrbanTALES dataset.

Figure 8 further compares aerodynamic parameters roughness length (zg) and displacement height (d) by reproducing Fig.
10 from (Kanda et al., 2013a), which refined the urban aerodynamic parameterization introduced by (Macdonald et al., 1998)
using data from Tokyo neighborhoods. Despite differences in geometric conditions, as illustrated in Fig. 1, UrbanTALES
demonstrates strong agreement with the formulations proposed by (Kanda et al., 2013a). For realistic urban configurations,
UrbanTALES aligns more closely with Kanda’s formulations than the cases originally assessed in Kanda et al. (2013a). This
improved fit underscores the importance of integrating more information on vertical heterogeneities in urban environment.
Furthermore, it signals the reliability of the geometry extraction process from OSM2LES and the numerical configurations
described in Section 2.

Finally, figure 9 shows an example of the vertical profiles of flow parameters (as shown in Fig. 7). The entire dataset exhibits
significant variability in the values and shapes of these profiles, as represented by the faded lines, reflecting differences in
configurations, urban densities (\,), building height statistics (mean, maximum, and standard deviation), and wind direction.
Data are clustered based on density (A,), highlighting how denser urban neighborhoods tend to slow the flow within the
canopy, reduce TKE and Reynolds stress, and increase dispersive fluxes. This clustering approach provides insights into how
urban morphology influences vertical transport behavior across various configurations. Understanding the vertical distribution
of flow characteristics within and above the urban canopy layer is critical to deriving parameterization formulas for urban
canopy flow. The shape of the flow profile is particularly significant, as it directly influences the predictions of the wind speeds
in the canopy, which are vital to understanding ventilation and the dispersion of pollutants in urban areas (Castro, 2017).
Furthermore, wind speed and TKE profiles play a key role in the parameterization of turbulence length scales, a crucial aspect
to accurately modeling the exchange of momentum and energy between the urban surface and the atmosphere (Coceal and

Belcher, 2004; Nazarian et al., 2020).
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Figure 7. Scatterplots of canopy-averaged flow statistics in UrbanTALES against plan and frontal area density and street connectivity ((Lu

et al., 2023b)). The y-axis represent in four columns represent normalized mean wind speed ({(U)/u,), TKE ({k)/u2), Reynolds stress

(- (w'w’) + (v'w’) Ju?), and dispersive fluxes (/(@w) + (5)/u?), respectively. We used colors to distinguish aligned (red), staggered
(black), and realistic (green) urban geometrical configurations. In each subplot, a gray line shows the fitting for a semi-logarithmic regression

over only idealized urban configurations.

5 Conclusions: UrbanTALES application

This study presents UrbanTALES, the most comprehensive and first open-access large-eddy simulation (LES) dataset available
to the urban climate research community. UrbanTALES provides spatially averaged, 2D, and 3D data reflecting urban flow
statistics, offering unprecedented opportunities for assessing the impact of form on urban canopy processes. The dataset re-
quired significant computational resources and storage capacity, over 3,000,000 CPU-hour and 35 TB, respectively, reflecting
the meticulous effort involved in creating a high-resolution, large-scale LES dataset. To ensure that high computational costs
are utilized effectively, UrbanTALES outputs are released with close attention to key gaps in urban climate research, facilitating
future advancements.

The primary objective of UrbanTALES is manifold. First, we aim to facilitate systematic assessments of the impact of urban

form on urban canopy processes. Second, this dataset provides valuable insights for various urban canopy models, as illustrated
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320

in Fig. 10, including simplified tiled, single-layer, and multi-layer urban canopy models currently developed in the field (Lipson
et al., 2024). These models are instrumental in offline assessments of urban climate as well as in representing land-atmosphere
exchanges over cities in regional model integrations. In particular, UrbanTALES introduces a higher-order database of urban
turbulence, recording third flow moments to enable evaluation of TKE and momentum flux budgets (Akinlabi et al., 2022).
These budget terms provide a critical foundation for developing higher-order turbulence closure schemes in urban canopy

parameterizations (Wilson, 1988).

bulk: multi-tile (1D)

building-resolved: CFD (3D) single-layer canyon (2D)

~ turbulent

Figure 10. 3D LES dataset informing a suite of other urban canopy models, ranging from simplified tiled models to single-layer and multi-

layer urban canopy models that are used offline to assess urban climate or integrated into regional models.

Finally, the dataset’s applications extend to machine learning, supporting 2D pedestrian-level wind environment predictions
(Lu et al., 2024a) and 3D urban-atmosphere flux predictions (Lu et al., 2023c).

Looking ahead, the UrbanTALES dataset is set to expand its scope. Future extensions will include additional urban processes
such as solar heating (Nazarian and Kleissl, 2015), the presence of street trees (Lindberg et al., 2018), and the transport
of moisture and passive scalars. Integrating indoor urban climate dynamics (Pfafferott et al., 2021) is also planned, paving
the way for broader applications of UrbanTALES. These enhancements will further its applicability beyond urban canopy
parameterization to integrated urban services (IUS) (Esau et al., 2024) and multi-physics urban models (Krayenhoff et al.,
2020), addressing a wider array of urban climate phenomena.

Furthermore, we are exploring ways to transform UrbanTALES into a collaborative platform, enabling researchers world-
wide to contribute their LES datasets. This initiative aims to increase the dataset’s reach and impact, offering global access

to high-quality, computationally intensive model outputs. While automating the integration process will require substantial
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effort, we welcome inquiries and partnerships with research groups that have existing LES outputs and are interested in incor-
porating their data into the platform or future UrbanTALES releases. By enhancing accessibility and fostering collaboration,

UrbanTALES has the potential to become a foundational resource for the urban climate research community.

6 Code availability

PALM, an open-source numerical model, is used here (Maronga et al., 2020). Version 14554 of the model is used with minor
changes for outputs and is provided in supplementary materials as PALM-r4554.tar. For further transparency, the input files
(for both model configuration and topography) were also provided in the dataset folder of each use case. The OSM2LES python
package for obtaining the topography of realistic neighborhoods is available at https://pypi.org/project/ OSM2LES/.

7 Data availability

All data files described in this article are shared publicly at https://urbantales.climate-resilientcities.com/. This dataset is over 2
Terabytes and includes all input files for model configuration as well as output data files and can be downloaded for individual

cases.
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Table Al. Metadata for 314 realistic urban neighborhoods and 224 idealized building arrays in UrbanTALES. For realistic cases, the site

name firstly reflects the country and the city name by starting from a two-letter country name that follows ISO Country Codes, then followed

by the the first three letters of the cities names. The height configuration is reflected as "U" for uniform height and "V" for variable cases,

which is followed by a number counting the cases falls into the category. The wind direction configuration is reflected as a two-digit number

after "_d". For idealized configurations, the height configuration is reflected at the beginning of the names in the same manner as for the

realistic cases. The horizontal arrangement can be "staggered - S" or "aligned - A" in the following and followed by the plane area density,

in two digits (25 for 0.25, for example). Then the name reflects building height distribution in abbreviation as described in Sec. 2.2.1, which

is finished by the prevailing wind direction indicator.

Site name City Country A, Af Ym WD Hmean Ho Hmax Hmin SAR Lon Lat
US25_d00 n/a n/a 025 025 0.25 16.0 00 16.0 16.0 n/a n/a
VS25-HR-28_d00 n/a n/a 025 025 0.25 0 16.0 28 265 8.0 S n/a n/a
VA25-SM-56_d45 n/a n/a 025 035 052 45 16.0 56 240 8.0 A n/a n/a
AU-Syd-U1_d00 Sydney AU 025 0.88 041 0 16.0 0.0 16 16.0 R 151.25 -33.93
AU-Syd-V1_d00 Sydney AU 033 038 0.36 0 17.8 8.8 50 3.0 R 151.22  -33.92
AU-Mel-V1_d00 | Melbourne AU 032 0.26 0.33 0 134 57  36.0 3.0 R 145.14  -37.91
US-Det-U1_d00 Detroit us 0.09 032 0.64 0 16.0 00 16.0 16.0 R -83.04 4236
CH-Zur-U1_d00 Zurich CH 025 059 041 0 16.0 00 16.0 16.0 R 8.56 47.41
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345 Appendix B: Web-based data Dissemination platform

Idealized building blocks  Realistic urban neighbourhoods ~ Home

5 UNSW CRC Lab

UrbanTALES: A comprehensive dataset of Urban Turbulent Airflow
using systematic Large Eddy Simulations (LES)
Understanding urban turbulent airflow through high-resolution LES simulations

1. Turbulent airflow over 538 urban configurations was simulated using the state-of-the-art LES model, amounting to the largest urban flow
dataset openly available.

2. Rigorous validated and quality controlled.

3. The simulation outputs were processed to facilitate urban canopy parameterization and general urban climate modelling practice.

©

Learn more

Figure B1. UrbanTALES welcome page from https://urbantales.vercel.app/
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! UNSW CRC Lab Idealized building blocks  Realistic urban neighbourhoods ~ Home

Idealized building blocks Realistic urban neighbourhoods

224 LES simulations over idealized building arrays were 314 LES simulations over realistic urban neighbourhoods were

performed at 0.5 m resolution horizontally and vertically performed at 0.5 resolution vertically and 1m horizontally.

+ 8 plan area densities from 0.0625 to 0.64, covering most + Arepresentative range of urban densities is considered (0.05-
urban configurations in global cities. 0.75) in global cities.

+ 2 horizontal configurations (staggered and aligned) + Realistic urban geometries from 62 cities in 20 countries.

» 7 building height distributions with Hstd = [0m,2.8m,5.6m] « Covering multiple wind directions.

+ 2 wind directions (perpendicular and oblique to building
blacks)

Learn more Download data Learn more

Publications Press Releases Team Contact

To be updated. To be updated To be updated.. To be updated.

Figure B2. Selection page for idealized and realistic urban configurations.
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Idealized Building Blocks Cases Download
Filters Showing 2 out of 224 folde
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‘Wind Direction v
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Horizontal Config T
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File Name
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VA35-HR-28_d45_topo

VA35-HR-28_d45_p3d

profile-VA35-HR-28_d45.csv

VA35-HR-28_d45.png

VA35-HR-28_d45_ped.nc

Selected: 2 files (Total size: 0.26 MB)

Area Density v
O an

O sparse

medium

O dense

Publications Press Releases

To be updated.. To be updated...

Vertical Config T4

268

Team

To be updated..

Idealized building blocks  Realistic urban neighbourhoods  Home

Search by Folder Name

Wind Direction 14 Area Density Tl Action
45 medium & Download
45 medium & Download
Size (MB) Action
204 &
026 &
0 &
007 &
0.18 &
0.85 &
&, Download Selected

Contact

To be updated..

Figure B3. UrbanTales download portal with filters. Individual files as mentioned in Sec. 3 can be downloaded separately.
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