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Urban microclimate
• Meso scale

– Urban Heat Island Effect

• Micro scale
– Influence of shadowing,

vegetation, structure 
materials, water

• Importance
– Providing correct data for 

calculations
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Microclimate Simulation tools
• Comparing tools:

– Simplification of 
models

– Variables
– Ease of use
– One main focus

• Most complete tools:
CitySim Pro & ENVI-
met

RayMan
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ENVI-met
• Computation Fluid Dynamics(CFD)
• Resolution (0.5-10m)
• Modelling of airflow, moisture and heat exchange processes 

between surfaces, building physics, vegetation, bioclimatology 
and pollution
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ENVI-met outputs
• Calculate a wide variety of 

parameters
– Atmosphere (Air temperature, 

thermal comfort etc..)
– Buildings (SVF, longwave emitted 

etc..)
– Trees (Plant CO2 Flux, Stomata 

resistance etc..)
– Soils (Surface temperature, 

Shadow % etc..)
• Voxel data (binary)
• Aggregated data (text)
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Use of digital 3D models

• 3D models (CAD geometries)
• Semantic 3D models

– BIM (building scale)
• IFC, gbXML..

– 3D GIS (City – district scale)
• CityGML, CityJSON..
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ENVI-met scale

• Area input file
– 2.5 D
– 3D

– Incorporating geometry & 
urban features

– Limited to < (~ 300*300*100 )
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Building information in 3D city model 
(CityGML + Energy ADE), BIM

(if available)
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My work

• The use of 3D models in microclimatic 
studies – First steps to couple CityGML
with ENVI-met

By Panagiotis Arapakis

Mentors : Giorgio Agugiaro,
Daniela Maiullari
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Aims

• Establish an automate data flow between 
ENVI-met & CityGML standard (Minimize 
human intervention)

• Store useful results back to the 3D City 
model to use them as input for other 
studies
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Methodology
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Test case
• Almere (Floriade 2022)

– Newly developed area with 660 building Units
– International Horticultural Expo
– Growing Green Cities
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Floriade CityGML model
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ENVI-met requirements

• Input (Configuration File)
– Voxelized model (Area Input File) (2.5D)
– Weather at its boundaries
– Databases (materials and plants)
– Simulation parameters (day, extent, 

roughness value etc)
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Metadata
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Urban Data
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Mapped classes & attributes



18

Reading and writing Data
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Reading data
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Writing data
• Energy ADE TimeSeries & WeatherData

classes
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Interface Settings

• Provide the input
• Define the area
• Initialize the grid
• Set defaults and tree types
• Convert results & create SHP
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Results
• Area Input files

– Different resolutions
– From different source datasets

• Results in vector format (Point Cloud)
– Visualization
– Easier processing

• Augmented CityGML classes
– Buildings with average outdoor temperature
– Many more outputs can be examined
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Area input files
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Point cloud on same crs
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Implementation quality check of 
interface



2 sets of simulations

A. Three test (simulations) conducted to 
study the effect of different vegetation 
type

B. Simulations of two different scenario

• Full Forcing – data from Lelystand Station
• Duration 31h (17:00 – 23.59)



Vegetation Tests

Building 
1
Building 
2
Building 
3



Resolution : 4*4*3
Number of cells : 272*274*34
Generation time : 3m15sec
Simulation time (31 hours, Full Force) : 20-25days  

Storing time : 1h20m

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00
Temperature 26 27.5 28 30 31.5 32.5 33 33 33 32 30 28 26
Rel. Humidity 61 56 56 56 48 46 49 46 51 54 57 63 71
Wind Speed 2 3 3 3 3 3 5 5 4 3 3 3 3
Wind Direction 90 130 130 120 110 180 190 210 200 290 300 310 270

Scenario simulations
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Conclusions
• Successfully implementation of the bi-

directional interface
– CityGML can be used to prepare automatically a 

voxelized model of ENVI-met
– We can retrieve the results AND store them

• Birth of SclGModeLer
• Methodology already applicable to other 

outputs
• Even more outputs can be stored back
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Limitations – Future work

• Test interface
• Evaluate mapping of more CityGML

classes
• Examine and return more attributes
• Construction of 3D area input file & 

automatic preparation of weather files 
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How more?

• Area input file
– 2.5 D

– 3D

– Incorporating more detailed 
geometry & building 
components information
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How more?

+ Energy ADE
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How more?

+ Energy ADE
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How more?

GeoBIM
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How more?
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Floriade IFC model
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Research Questions
How can BIM information be integrated in a 3D city model, 
in order to improve microclimate simulations? 

• What data is needed for microclimate simulation? Where can this 
information be found in IFC and CityGML schemes and real data?

• What IFC entities should be selected for a smooth conversion and 
simulation? What guidelines for designers could help the process?

• At what level of detail (LOD) should the CityGML be for the best result 
of the microclimate simulation in ENVI-met?

• How to convert the BIM information effectively in a 3D city model, to be 
usable in microclimate simulations? What geometrical issues do we run 
in to and how to deal with this?
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Initial semantic mapping and available data

IfcGeographicElement IFC4
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Mapping
Required elements In IFC

schema
In existing
IFC data

In CityGML
schema

In existing 
CityGML data

Model geometry
Location data ü ~ ü ü
Building 2D/3D ü ü ü ü
Wall/single wall ü ü ~ ~
Greening û û
3D Plants ü ~ ü ~
Simple plants ü ~ ü ~
Soils Soils ü ~ ~ ~ û

Infrastructure ü ~ ~ ü ~
Water ~ û ü ~

Sources
DEM 2D/3D ü ~ ü ~
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Example [Vegetation]
- What information to define input file
- information for vegetation from IFC (including exact entities, 
elements, characteristics)
- information for vegetation from CityGML (including exact 
classes, elements, characteristics)

Mapping
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Geometry
LOD1

LOD2/3

Resolution
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A Similar case: gbXML vs IFC

Green Building XML

An industry supported standard for
storing and sharing building properties
between 3D Architectural and
Engineering Analysis Software.

https://gbxml.org

https://gbxml.org/
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Early conclusions
• We can find the needed detailed information in BIM 

but:
– The modelling has to follow guidelines and include such 

information in the design;
– An improved method is needed to exchange the 

information between different formats (not 1:1 mapping);
– Manual integration still needed in some cases.

• Once the method will be ready, it will be possible to 
test very efficiently the impact of the designed 
building on the environment, without additional effort.
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Conclusions

• Integration of simulation results in 3D city model 
and improvement with energy information.

Possible next

• Effective reuse of existing information (3D city 
models and BIM)

• Good integration methodology is critical to 
achieve efficient workflow

• As long as modelling criteria and requirements


