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Abstract

In this ongoing research project, advanced drone tech-
nology is employed in conjunction with simulation mod-
els to assess the impacts of urban climate, with a specific
focus on Urban Heat Islands (UHI). The novel method-
ology was tested in the historical downtown areas of two
German cities. Through the creation of high-resolution
3D-models of urban structures and the analysis of mate-
rial properties, the research project aims to accurately
predict the climate impacts of urban planning decisions.

The results of the project provide planners with precise
insights for evaluating adaptation measures and mitigat-
ing the adverse effects of climate change in cities, ulti-
mately improving living conditions therein. The research
undertaking also pioneers the use of high-temporal-reso-
lution drone data for analyzing temperature patterns and
considers various contributions to the heat island effect
for comprehensive climate-adaptive urban planning.

Introduction

The ongoing project investigates the localized climatic
impact of urban development, an issue of increasing sig-
nificance due to climate change, commonly referred to
as "Urban Heat Islands (UHI)." Urban structures influ-
ence urban climate in various ways. In addition to geo-
metric considerations, material properties such as ther-
mal mass and radiative behavior of surfaces such as
roads, roofs, and facades also influence the local climate.
The specific contributions and combinations of these
factors, particularly those causative for the formation of
UHI'’s, remain open questions. Additionally, the precise
locations and extents where vegetation and water sur-
faces can have a maximally positive influence on the lo-
cal climate are not conclusively clarified.

The overarching goal of the research project is to gener-
ate climate predictions using urban simulation models,
providing reliable recommendations to support inte-
grated and climate-adaptive urban planning aimed at
mitigating urban heat islands. This aims to improve the
quality of life and stay in cities.

To achieve this goal, precise input data must be captured
for the simulation model. Additionally, simulation re-
sults need validation against real data to adjust simula-
tion parameters if necessary. In the research project,
highly detailed simulation models for the urban structure
of two historic German city centers are developed based
on the new methodological approach described below.
With these models, urban planning decisions can be sim-
ulated and scientifically evaluated with high accuracy.
Cities can use this information to assess the impacts of
specific adaptation measures and proactively contribute
to mitigating the effects of climate change.

In the research project, the urban development of the two
cities is captured in its authentic form by a drone
equipped with LiDAR sensor, hyperspectral sensor, and
thermographic camera. The generated high-resolution
terrain model, both geometrically and materially, is then
transferred to the numerical simulation program ENVI-
met (V5.1.1). It is processed in a microclimatic 3D
model for predicting the behavior of urban heat islands.
The integration into the model is achieved through point
cloud interpretation and spectral analyses, enabling the
three-dimensional representation of the urban space and
the capture of surface materiality (facade, roof, road, and
path surfaces).

The climate prediction generated from the simulation
can be subsequently validated with real data from drone-
based thermographic recordings (e.g., by comparing
simulated surface temperatures of the urban area with
values measured from thermography). With validated
simulation settings, it is possible to represent simulation-
based predictions of the development of urban climate in
a more realistic manner and thus more precisely reflect
the outcomes, for example, through greening and other
optimization measures.

The described approach differs from current methods of
digital terrain modeling and climate simulation in the de-
sired resolution and execution. While past and current
approaches rely on various data sources, the entire data
generation and processing are undertaken by the re-
searchers in this project. The advantage over satellite re-



mote sensing data lies in the higher resolution of the gen-
erated surface model due to the better ground resolution
of the recordings. Additionally, independence from
cloud cover and other atmospheric influences is main-
tained. Any inaccuracies that persist despite atmospheric
corrections are thus eliminated. The high temporal reso-
lution of drone flights (capturing the thermal behavior
through multiple flights in a day) is also a new approach
in the assessment.

Literature review

Subsequently, a brief exemplary literature review is con-
ducted, encompassing both the subject of urban heat is-
lands and the employed remote sensing and simulation
methodologies associated with it. This analysis incorpo-
rates the current state of scientific knowledge, while also
delving into supplementary and novel approaches within
the ongoing research project.

Due to the deleterious impacts of UHI's on urban popu-
lations, there has been a notable escalation in research on
urban microclimates in recent years [7], [25]. Early in-
vestigations primarily delved into understanding the re-
lationships between population density and heat island
intensity, temperature differentials between urban cen-
ters and their surroundings, and the dependencies on lo-
cally encountered boundary conditions [11], [16], [17],
[18]. Present-day inquiries have shifted towards explor-
ing strategies and measures for adapting to and mitigat-
ing the effects of climate change on urban areas [4]. The
importance of remote sensing in urban contexts has been
steadily increasing [2], [3]. Several research endeavors
have concurrently addressed both remote sensing and
simulation methodologies in the examination of urban
heat islands [1], [9], [10], [21]. In these studies, data de-
rived from satellite and aircraft-based imaging were me-
ticulously analyzed and evaluated. The findings sug-
gested that urban heat islands can be observed in their
manifestation from Low Earth Orbit, and data obtained
from the reflection spectra of urban surfaces are transfer-
able to climatic simulations [9]. However, the chief chal-
lenge in such investigations lies in the availability of data
and the spatial and temporal resolution of the acquired
datasets [21].

The envisioned research methodology of employing
drone flights in this project is designed to confront the
challenges posed by data availability and spatial-tem-
poral resolution. By capturing temporal changes in the
thermal behavior of surfaces, it is anticipated that novel
insights into input parameters for climate simulations
will be gained. This approach allows for the generation
of daily temperature profiles for entire neighborhoods,
facilitating a more precise creation and validation of cli-
matic simulations than was previously achievable. The
high temporal and spatial resolution of drone-based data

collection also enables the consideration of traffic-in-
duced contributions to the Urban Heat Island effect.

Methodical approach

The research design of the project mandates the integra-
tion of diverse research methods. The primary aim is to
attain the utmost precision in predicting climatic impacts
arising from urban planning decisions via urban simula-
tions. To achieve this goal, meticulous acquisition of
both geometric and material input data is planned
through drone flights and subsequent integration into the
simulation program. Furthermore, the simulation out-
comes of the current urban scenario will undergo valida-
tion against authentic climate measurements (Figure 1).
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Figure 1: Overview of the methodical approach
(in accordance with [26])

The field experiments were specifically conducted in the
historic city centers of Wiirzburg (Bavaria) and Mein-
ingen (Thuringia). These cities exhibit similarities in
their architectural characteristics and urban features, en-
compassing structural construction, degree of sealing,
parks, and water bodies. This intentional selection aimed
to establish a robust and doubly verified foundation for
the fundamental input parameters within the ENVI-met
simulation program.

Initially, a quantitative approach for data collection,
quantification, and analysis of measurements was imple-
mented through a combination of drone flights and
ground-based climate measurements. For data collec-
tion, a drone equipped with appropriate sensors, includ-
ing an optical camera, hyperspectral sensor, and thermo-
graphic camera, was employed to capture thermal and
material-specific surface properties. Rigorous planning
and targeted programming of the drone and sensors, en-
compassing factors such as flight route and altitude, trig-
ger interval, sensor orientation, and camera settings,
were implemented to ensure data consistency, collected
at a uniform height and distance, maintaining high-qual-
ity standards.



For instance, Figure 2 illustrates thermographic record-
ings obtained through drone flights over the city center
of Meiningen at approximately 4:00 pm on a summer
day with an air temperature of around 30°C. In contrast,
Figure 3 displays thermographic recordings of the city
park at 2:00 pm. Figure 4 provides a visualization of the
distributed measurement points, encompassing tempera-
ture, relative humidity, and wind speed, within the sim-
ulated segment of the city (396 m x 198 m).

Figure 2: Drone-based thermographic recordings of a

city center with a marketplace at 4:00 pm for subse-
quent validation of simulation results
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Figure 3: Drone-based thermographic recordings of
the city park at 2:00 pm for later validation of simula-
tion results.

The quantitatively determined measurement values serve
as the foundational dataset for the subsequent simula-
tion-based methodology aimed at predicting urban heat
islands. In this approach, the measured surface charac-
teristics constitute the basis of the simulation model.
Simultaneously, the empirically measured thermal con-
ditions provide a means to validate the initial state of the
urban heat island.

A parameter study is then employed to scrutinize specific
parameters/settings in the simulation, assessing their im-
pacts on the results. This involves a comparative analysis

to determine whether the altered parameters lead to a
greater or lesser degree of agreement with the measure-
ments. The parameter study is designed to systematically
investigate the behavior of the urban simulation model
under various conditions, facilitating the identification of
relationships between the parameters and the simulation
results. This methodological approach, involving the
systematic variation of parameters, enables the quantifi-
cation of impacts on the simulation model and the deter-
mination of potential cause-and-effect relationships.
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Figure 4: Ground-based measurement points for air
temperature, relative humidity, and wind speed distrib-
uted throughout the inner city.

Following a secure understanding of the effects of spe-
cific parameter settings, the simulative prediction of Ur-
ban Heat Island behavior is undertaken. Starting from a
validated current state, measures to mitigate the UHI ef-
fect can be simulated, and their effects can be accurately
assessed.

Drone-based data acquisition

The quantitative data collection method relies on drone
technology, specifically utilizing the DJI Matrice 300
RTK drone equipped with the optical camera and ther-
mographic sensor from the DJI Zenmuse H20T system.
Additionally, the inclusion of a hyperspectral camera is
planned. This comprehensive setup facilitates the photo-
grammetric acquisition of terrain and surfaces, allowing



for the registration of their surface temperatures and the
recording of the spectral signature of horizontal surfaces.
The targeted study areas encompass the historical city
centers of Wiirzburg (Bavaria) and Meiningen (Thurin-
gia), sharing architectural and urban similarities.

The material classifications of urban surfaces are cap-
tured in a subsequent aerial survey along the pro-
grammed flight route using a hyperspectral camera. In
contrast to a conventional RGB camera, a hyperspectral
camera operates with a multitude of channels rather than
just three (red, green, blue). The number of channels typ-
ically ranges from approximately 100 to 300 in sensors
suitable for drones. This enables the identification of a
continuous reflection spectrum from individual surfaces.
The spectral range of acquisition generally spans wave-
lengths between 500 nm and 2500 nm. Through the as-
sessment of reflectance levels at specific wavelengths
and wavelength ranges, conclusions can be drawn re-
garding the surface material, water quality, or vegetation.

Photogrammetric and hyperspectral captures are exe-
cuted as singular events, while thermographic captures
are scheduled to recur at intervals of 2 — 4 hours through-
out a 24-hour period. The planned flight altitude is estab-
lished at 120 meters above ground, optimizing coverage
in a single capture and streamlining regulatory approval
processes, aligning with the lower airspace risk criteria
outlined in the Specific Operation Risk Assessment
(SORA) by the European Union Aviation Safety Agency
(EASA). The quantitatively derived measurement values
form the foundational dataset for the subsequent simula-
tion-based methodology aimed at predicting urban heat
islands. The optical camera records images in JPG for-
mat, while the thermographic camera utilizes the propri-
etary R.JPG format for image storage.

Photogrammetrically processed optical captures gener-
ate a point cloud, forming the basis for a three-dimen-
sional digital surface and terrain model (DSM, DTM).
The processing of data involves the utilization of
Pix4Dmapper, ArcGIS Pro and QGIS software. Differ-
entiation among road, facade, and roof surfaces, as well
as vegetated areas, is a requisite step. Hyperspectral data
undergoes material classification through spectral analy-
sis, determining the material composition of each pixel.
An assessment of reflectance across the entire captured
spectrum (albedo) serves to validate the physical litera-
ture values embedded in the simulation software ENVI-
met, prompting adjustments in the case of significant de-
viations.

The amalgamation of this information results in a com-
prehensive microclimatic simulation model within the
QGIS software environment, facilitated by the ENVI-
met plugin. Subsequently, this model undergoes simula-

tion within the ENVI-met platform. The approach of an-
alyzing image data and implementing the resultant holis-
tic surface model in the simulation software aligns with
the research contributions of Heldens, specifically focus-
ing on the integration of remote sensing surface infor-
mation into a 3D-microclimatic model [10].

Microclimatic simulation with ENVI-met

The microclimatic simulation of Wiirzburg and Meinin-
gen city centers, including their immediate surroundings,
utilized the ENVI-met software (Version 5.1.1). This
software facilitates the prediction, analysis, and visuali-
zation of urban microclimates, incorporating parameters
such as air and surface temperature, humidity, wind, and
radiation. The microclimatic model is grounded in fun-
damental principles, drawing from fluid mechanics, ther-
modynamics, and atmospheric physics. The simulation
comprehensively considers interactions among facades,
road surfaces, vegetation, emission sources, and the air.

Geometric city models and urban surface characteristics
were derived from data acquired through drone-based
photogrammetry and spectral analysis. Climatic data
originated from measurements gathered by weather sta-
tions in Wiirzburg and Meiningen. To enhance computa-
tional efficiency, a horizontal resolution of 2 m x 2 m
was adopted for the simulated model area (see Fig. 5),
corresponding to 198 x 99 grid cells horizontally. The
vertical extent of the model was confined to 15 cells,
each 3 m in height. Recognizing the significance of sur-
face temperatures within the lowest three meters, the res-
olution of the bottom layer of grid cells was increased.
Above buildings, vertical resolution was reduced to op-
timize computation time. The resulting 3-dimensional
model consists of nearly 300,000 cells, each assessable
on an hourly basis over the entire 48-hour simulation pe-
riod.

Figure 5: Simulation model of the city center of Wiirz-
burg (Bavaria, Germany) with a grid resolution of
198 x 99 cells (2 m x 2 m) in the horizontal plane and
15 cells (3 m) in the vertical direction.



The majority of buildings in the simulated urban areas
date back to the 19th and 20th centuries, leading to the
assumption that these structures are uninsulated and con-
structed with solid materials, likely including various
mineral masonry stones. The model presumes walls
made of brick. In the simulation, facades are treated as
completely closed, and existing windows are excluded
from climatic analysis. Similarly, emissions from morn-
ing delivery traffic were disregarded. Table 1 presents
the physical parameters (albedo, emissivity, and surface
roughness) employed in the simulation.

Table 1 Summary of surface information.

Type Albedo Emis- Roughness
sivity Length
Soil 0.20 0.95 0.015
Asphalt Road 0.20 0.90 0.010
Gravel 0.20 0,90 0.010
Concrete Pavement 0.35 0.90 0.010
Faacde 0.50 0.90 0.020
Roof Tile (sloped) 0.20 0.90 0.020
Roof Surface (flat) 0.20 0.90 0.020
Green Roof 0.20 0.70 0.020

The topography of the studied urban areas was omitted
from the models, as the terrain slope in both cities con-
sistently remains below 1%, rendering its impact on the
microclimate negligibly small. Vegetation in the studied
urban areas is limited to a few trees and small green
spaces. The simulated trees exhibit insignificant varia-
tions in relevant aspects and are represented in the simu-
lation by a fictitious tree model. The simulated tree's
characteristics resemble those of a young maple: a decid-
uous tree with seasonal foliage, standing at a height of
6.50 meters and a crown diameter of 5 meters (see Ta-
ble 2).

Table 2 Summary of tree and
greening information.

Tree Name Leaf Crown Tree
Type Width Height

Case 1

Norway Maple deci- Sm 6.5m

(young) duous

Case 2

Norway Maple deci- S5m 6.5 m

(young) + duous

Ivy + - -

Green Roof - -

Case 3

Norway Maple deci- I5m 13m

(middle) + duous

Ivy + - -

Green Roof - -

The influence of greenery on the urban microclimate was
explored through model variations. Case 1 represents the
current state, while Case 2 involves the full-scale green-
ing of all facades and flat roofs. For Case 2, ground-
based greening with ivy was chosen, as retrofitting exist-
ing buildings with ground-based facade greening is con-
siderably simpler than facade-based greening. Extensive
roof greening was implemented with various plants on a
substrate layer and a thin underlying insulation layer. In
another scenario (Case 3), existing trees in the pedestrian
zone were replaced and supplemented, with the same
tree used in a later growth phase.

These three model variations were simulated with differ-
ent climatic input parameters. In addition to weather sta-
tion data for simulating the current climate (measured
values during a heatwave in 2022), the summer-focused
Test Reference Year 2045 (TRY45) from the German
Weather Service was used as a climatic forecast. Unfor-
tunately, the data did not include information on solar
radiation, but this should be considered in future simula-
tions. All simulations performed were using the meteor-
ological boundary conditions of the simple forcing
method.

Results

The primary objective of the research project is to
achieve a highly precise forecast of the urban climate
within the broader context of climate predictions. Spe-
cifically, the project aims to predict the impact of urban
greening on mitigating heat islands resulting from urban
planning decisions. Intermediate goals toward this pri-
mary objective include the collection of high-resolution
drone-based data for the generation of a precise simula-
tion model.

Additionally, the model's input data will undergo cali-
bration through real-world measurements. The subse-
quent presentation of results includes the validation of
simulation outcomes through climate measurements, fol-
lowed by the projection of the urban climate with addi-
tional greening measures, such as trees, facades, and
roofs.

Drone-based validation

The simulation results are cross-referenced with thermo-
graphic images to evaluate the congruence between the
simulated current state and the measured values. In this
comparison, indicators such as the simulated mean radi-
ant temperature and the measured surface temperature
are utilized. These indicators are assessed across various
surface types and specific areas to provide a detailed
analysis of the simulation's accuracy in representing the
observed conditions.



Fieldwork validation

The validation of the simulation was based on comparing
measured and simulated values of relative humidity, air
temperature, and surface temperature of the examined fa-
cade. Values were extracted from the model's 'Grid
Cells," corresponding to the measurement points, and
then compared with the measured results.

As shown in Figures 6, 7, and 8, these figures exemplify
the comparison between the locally measured surface
temperature of a facade (Fig. 6) and the simulated sur-
face temperatures of the facade in the model (Fig. 7).
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taken every 30 minutes from 8:30 pm to 4:00 am. Over-
night, there is a decrease in surface temperature of ap-
proximately 9 K at the reference point.

The excellent correlation in the decrease of surface tem-
perature between measurement and simulation is appar-
ent in Figure 8. Similar good agreements were deter-
mined for the air temperatures. In contrast, there was a
low level of agreement for relative humidity and air ve-
locity.
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Figure 7: Representation of the surface temperatures of
the facades in the downtown area in the simulation
model.
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Figure 8: Comparison of the measured (T_O, blue) and
the simulated (orange, T S) surface temperature of a
facade in the downtown area.

The fidelity of the performed simulations in accurately
representing reality was evaluated through a statistical
validation of the model. Table 3 presents statistical
measures, including the coefficient of determination
(R?), Willmott's index of agreement (d), Root Mean
Square Error (RMSE), and Mean Absolute Error (MAE),
specifically for air temperature. It is important to note
that the deviations observed at measurement point 2 can
be attributed to the placement of the data logger on a
highly heated metallic surface.

Table 3 Statistical validation of the simulation results
with real climate measurements (i) conducted on-site.

i R? [-] d[-] RMSE [°C]  MAE [°C]
1 0.922 0.935 2.004 1.743
2 0.844 0.812 4.361 3.093
3 0.937 0.948 1.864 1.580
4 0.927 0.954 1.895 1.679
5 0.950 0.947 1.791 1.331
6 0.922 0.888 2.894 2.387
7 0.917 0.914 2.468 1.969




Numerical simulation results

The assessment of the simulation results for the current
condition (Case 1) was previously conducted through the
validation process with on-site measurements. In this
section, we examine the predicted results of the urban
climate from the simulation for a scenario involving ex-
tensive greening of the urban area (Case 2). Of particular
interest is the extent to which theoretically maximal
greening through additional trees, facade greening, and
roof greening can enhance the existing urban climate.

Figure 9 illustrates the temperature differences between
Case 1 and Case 2. Notably, the observed temperature
difference between the two models is smaller than antic-
ipated. With extensive greening, the air temperature de-
creases by a maximum of approximately 0.8 K and, on
average, only by about 0.2 K.

The most significant temperature variations are primar-
ily observed in small, confined areas characterized by a
high density of vegetation and limited wind influence,
such as courtyards surrounded on all sides by green fa-
cades (as depicted in Fig. 9).

The relatively low temperature differences noted at the
northern and eastern edges of the simulation model (at-
tributed to exceptionally high air temperatures in this re-
gion) underwent further investigation through an addi-
tional simulation involving a modified wind direction.
This analysis revealed a pronounced dependence of the
temperature distribution on the wind direction.
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Figure 9: Temperature difference between Case I (cur-
rent state) and Case 2 (maximum greening). The air
temperature decreases by an average of approximately
0.2 K and a maximum of about 0.8 K due to greening

In addition to reducing air temperature, the extensive
greening of urban spaces in Case 2 was anticipated to
affect the surface temperatures of buildings. Due to the
generally similar architectural characteristics, the roofs
in the reference model (Case 1) exhibited mostly minor
temperature differences. Significant surface temperature
increases were observed exclusively in areas where pho-
tovoltaic elements were installed, owing to their higher
radiation absorption.

The predicted differences in surface temperatures be-
tween Case 1 and the greened surfaces in Case 2 are sub-
stantial. It is essential to note that the temperatures con-
sidered are those of the exterior sides of walls and roofs,
not the surface temperature of the facade or roof green-
ing. Particularly on the roofs, this leads to significant
temperature variations. One contributing factor is the ad-
ditional roof structure with a substrate layer for greening.
The highest differences amount to approximately 20 K.

In Figure 10, the left column illustrates surface tempera-
tures for the reference case, while the right column dis-
plays the results with greening of facades and roofs in
time intervals of 4 hours between 8:00 am and 8:00 pm
for a day in July. In both cases, nighttime cooling oc-
curred, aligning with real-world observations (as shown
in Fig. 8).
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Figure 10: Variation of surface temperatures of a fa-
cade on a day in July between 8:00 am and 8:00 pm in
the existing condition (left column) and with facade and

roof greening (right column).



Throughout the day, surface temperatures of buildings
exhibit a warming trend starting from 8:00 am, reaching
peak values between 12:00 pm and 4:00 pm. The tem-
perature scaling was set at 3 K due to significant temper-
ature differences on roof surfaces. In the reference case,
the facade's surface temperature is approximately 21 °C
at 8:00 am and rises to about 39 °C at 12:00 pm. Con-
versely, in the greened case (Case 2), the initial value at
8:00 am is below 21 °C, and the facade's temperature
peaks at approximately 24 °C throughout the day. A de-
tailed analysis identified the highest differences of up to
approximately 20 K.

The influence of shadows cast by buildings and trees on
facade surfaces is evident in the results of surface tem-
perature. Especially in lower facade areas, this results in
lower temperatures (see Fig. 11).
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Figure 11: Reduction of surface temperature through

architectural shading (left) or shading of the facade by
trees (right).
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Discussion

Through drone-based acquisition of baseline data (geo-
metric and material-related data) for urban areas, a high-
resolution simulation model was input into ENVI-met.
The reference models used for simulating the current sit-
uation and the comparison of results with actual on-site
climate measurements yielded a high level of agreement.

Based on this foundation, initial predictions regarding
the development of the urban climate to mitigate urban
heat islands were formulated when significantly more
greening would be implemented in urban areas. How-
ever, the simulation results initially did not show clear
improvements in the form of a noticeable reduction es-
pecially in air temperatures, as required for mitigating
urban heat islands. This aligns with the findings of other
studies (e.g. [20]). Against this backdrop, the numerous
influencing factors on the development of the urban cli-
mate, which can also be represented and assessed in the
simulation, need further analysis. Significant depend-
ence on wind direction has already been identified.

The green plants used also need to be examined more
closely for their impact. Furthermore, the models could

be supplemented with water surfaces or water features.
However, attention must be paid to considering addi-
tional practical conditions (e.g., public building regula-
tions, fire protection, water requirements of plants, struc-
tural prerequisites for greening such as substructure for
roofs and facades, maintenance needs, economic operat-
ing costs, etc.). Close coordination with decision-makers
in cities and municipalities is necessary in this regard.

In terms of general conclusions from the investigations,
urban structures need to be examined more closely. It is
essential to identify which parameters (e.g., city location,
prevailing wind direction, extent of water and green ar-
eas, building distances and heights, etc.) lead to more
positive or more negative influences on the urban cli-
mate.

Conclusion

The initial findings of the ongoing research project indi-
cate that climatic conditions in cities can be well pre-
dicted using the simulation program ENVI-met. The val-
idation of results from the reference models with real cli-
mate measurements in the cities revealed a high degree
of agreement.

Based on this foundation, subsequent forecasts for the
evolving urban climate with maximal greening of the
city center were formulated. Additional trees were inte-
grated into the model, and all suitable facades, as well as
roofs, were assumed to be greened. It was observed that
the predicted air temperatures only changed slightly due
to comprehensive greening. On average, there was a de-
crease of approximately 0.2 K in street areas and a max-
imum reduction of about 0.8 K in sheltered courtyards.
The influence of wind direction on simulation results
was demonstrated by varying the wind direction in the
simulation.

Accurate geometric data on building structures and their
construction materials and surface characteristics were
crucial for obtaining reliable simulation values. Ad-
vanced drone technology with appropriate sensors was
employed for this purpose. In comparison to the tradi-
tional method, the drone-based approach exhibits im-
provements both in the temporal input of the model and
in its accuracy, particularly regarding building heights
and surface characteristics. Freely available three-di-
mensional city models, such as those from Open-
StreetMaps, lack information on building heights and
surface characteristics for the studied area. Commercial
maps containing such information often come with sig-
nificant costs and limitations in usability. Additionally,
the use of a thermal camera provides an advantage in de-
termining the current state and validating the model.
Drone-captured thermograms can be acquired much
faster (and from a better angle) compared to ground-
based surveys. The latter would require the individual



capture and examination of each facade, focusing only
on selected facades, while drones provide access to ana-
lyze every facade in the surveyed urban area.

For surface characteristics, spectral data yields more pre-
cise results than visual observation and estimation of sur-
face conditions. The computational implications of this
increased accuracy in assigning surface characteristics,
however, need further evaluation in subsequent studies.
Nonetheless, there is at least a temporal advantage over
manual surface data collection in this context.

Equally important was the validation of the simulation's
reference model, which also utilized drone-based ther-
mographic recordings. The comparison of on-site cli-
mate data with simulated values showed a very good
agreement.

In summary, the combination of drone-based data acqui-
sition and its integration into the ENVI-met simulation
program leads to high accuracy in urban climate predic-
tions. Alongside detailed model input through georefer-
enced data, this approach enables the (significantly)
faster input of urban models into the software. Further-
more, drone surveys can provide valuable additional pa-
rameters such as material characteristics of surfaces and
surface temperatures.

Finally, it is imperative to acknowledge that the utiliza-
tion of unmanned aerial vehicles (drones) introduces a
multifaceted challenge, encompassing the judicious se-
lection of appropriate drone hardware, software, and data
analysis tools tailored to the specific application. Addi-
tionally, strict adherence to formal regulatory require-
ments is essential, particularly in Germany and Europe.
It is reasonable to presume that analogous regulatory
considerations are pertinent in other countries and conti-
nents.

In Germany, for instance, compliance extends beyond
obtaining a remote pilot's license; it necessitates the ac-
quisition of a permit for urban overflights from both the
municipal authorities and the aviation regulatory body.
The temporal duration required to secure such approvals
should be factored into project timelines to ensure that
activities can be scheduled during the desired seasons.
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