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What is the Climate Profile?

TH
EO

RY
AP

PL
IC

AT
IO

N

CLIMATE MODELLING MICROCLIMATE MODELLING BIOCLIMATIC ASSESSMENT

SUITE OF TOOLS
e.g. Ladybug 

Reconstruction of climate features characterising a specific location



Climate Modeling
GCMs’ resolution is too coarse to provide actionable 
climate change information at the local scale.

Regional Climate Models (RCMs) focusing on a smaller area 
can provide higher-resolution climate data, up to 500m.

To run RCMs the input climate data for their simulation 
needs to bee tuned. This process is called Downscaling.
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Mathematical equations defining the Earth’s physical 
system on a temporal scale;
Global Climate Models (GCMs) simulate the 
interactions among the atmosphere, ocean, land 
surface, and ice;
GCMs’ horizontal resolution is in the order of 100km.

S&TR, 2017

Kotamarthi et al., 2021 

https://str.llnl.gov/content/pages/december-2017/pdf/12.17.1.pdf
https://www.cambridge.org/core/books/downscaling-techniques-for-highresolution-climate-projections/C261452F6DECC0372077B7533414CD95
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Downscaling techniques

Dynamical Downscaling

A finer-scale climate model (RCM) runs simulations 
adopting data from coarser GCM.

The most common approach is “on-way nesting.” The 
output data from the GCMs are used as the Initial 
Boundary Conditions (ICs) and Lateral Boundary 
Conditions (LBCs) for the RCM.

Better results over regions with complex topography and
coastlines and significant differences in land surface 
processes. 

It requires a lot of computational power and data storage, 
in addition to some expertise for its implementation.

Giorgi & Gutowski, 2015

https://www.annualreviews.org/doi/abs/10.1146/annurev-environ-102014-021217
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Downscaling techniques

Empirical/Statistical Downscaling

A statistical relationship between data from GCMs and 
observation at a finer scale is established.
There are three main statistical methods: 

- Regression techniques

- Weather typing schemes

- Weather generators

It is less demanding in computing resources than the 
dynamical downscaling, and weather generators can create
sub-daily data.

Some specialist knowledge is required, and each method 
has its challenges.

Weather Generators: CC World Weather Generator

A statistical Excel-based tool that adopts the ”Morphing.”
This method adjusts the design of weather data according 
to three algorithms:

- Shift: 𝑥𝑥 = 𝑥𝑥0 + ∆𝑥𝑥𝑚𝑚
- Linear stretch: 𝑥𝑥 = 𝛼𝛼𝑚𝑚𝑥𝑥0
- Shift and stretch: 𝒙𝒙 = 𝒙𝒙𝟎𝟎 𝒎𝒎 + ∆𝒙𝒙𝒎𝒎 + (𝟏𝟏 + 𝜶𝜶𝒎𝒎) + (𝒙𝒙𝟎𝟎 − 𝒙𝒙𝟎𝟎 𝒎𝒎)

𝒙𝒙𝟎𝟎 is the present-day climate variable, ∆𝒙𝒙𝒎𝒎 is the shift, and 
𝜶𝜶𝒎𝒎 is the stretch. 

Future climate files have the same variability and character 
as the present climate since the baseline weather file 
represents the current climate.
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Urban Climates

Urban growth affects the atmospheric processes 
developing consequently distinct urban climates. 
Urban climates range over different time and horizontal 
space scales.
Phenomena related to these climates can be studied by 
adopting different tools at different scales.

RCMs, to describe the urban environment and 
induced climate phenomena, adopt three schemes:

- Bulk parameterization

- Single-layer Urban Canopy Model (SLUCM)

- Multi-layer Building Effect Parameterization (BEP)

The level of detail increases, moving from the 
simplest Bulk to the most detailed and complex BEP

Hertwig et al., 
2020

Chen et al., 2011

https://link.springer.com/article/10.1007/s00704-020-03294-1
https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/joc.2158
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Microclimate modeling

Urban heat island effects are largely 
studied through this approach.
Common tools include ENVI-met, 
RayMan, Autodesk, Ladybug, etc.

The parameterizations adopted by 
RCMs cannot capture all the 
features and the fluxes flowing 
through the city.
Modeling of the microclimate is 
needed to have a very high-
resolution representation of urban 
and built environment behavior 
under climate-induced phenomena.
CFD tools are usually adopted to run 
these simulations, but they are 
computationally demanding and 
time-consuming.

These simulations are needed to test
planning and urban design proposals and 
predict urban developments’ impacts on 
local climate and building thermal behavior.

Vurro 2022, work in progress
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Bioclimatic assessment

The study of the effect of climate on the human body defines 
human bioclimatology.
The general well-being of individuals is affected considerably 

by the bioclimatic conditions.
The need for human thermal balance modeling resulted in 
the development of bioclimatic models.

Common indicators computed by bioclimatic models are the 
UTCI Universal Thermal Climate Index (UTCI) and Physiological 
Equivalent Temperature (PET).

SKAT, 1993

http://www.nzdl.org/cgi-bin/library.cgi?e=d-00000-00---off-0envl--00-0----0-10-0---0---0direct-10---4-------0-1l--11-en-50---20-about---00-0-1-00-0-0-11-1-0utfZz-8-10&cl=CL1.1&d=HASH7fb3fd71d302d3efdfe64e&gt=2
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Bioclimatic assessment - UTCI

The UTCI is a measure of the human physiological 
response to the thermal environment. It describes the 
synergistic heat exchanges between the thermal 
environment and the human body, namely its energy 
budget, physiology and clothing. 
The UTCI considers four meteorological parameters: air 
temperature, mean radiant temperature, relative 
humidity and wind velocity.

Balogun et al., 2019

Bröde et al., 2011

https://doi.org/10.1007/s42452-019-0589-y
https://www.researchgate.net/publication/322991510_ASSESSMENT_OF_URBAN_OUTDOOR_THERMAL_COMFORT_BY_THE_UNIVERSAL_THERMAL_CLIMATE_INDEX_UTCI
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Bioclimatic assessment - PET

PET is defined as the air temperature at which, in a 
typical indoor setting (without wind and solar 
radiation), the heat budget of a standardized 
human body is balanced with the same core and 
skin temperature as under the complex outdoor 
conditions to be assessed.
The standardized person is characterized by a work 
metabolism of 80 W of light activity, in addition to 
basic metabolism; and by 0.9 clo of heat resistance 
as a result of clothing.
It also considers four meteorological parameters: 
air temperature, mean radiant temperature, air 
humidity and wind velocity.

Kántor et al., 2016

Bleta et al., 2013

https://doi.org/10.1515/geo-2016-0021
https://doi.org/10.1007/s10113-013-0530-7
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Ladybug suite of tools 

Advanced approach / 
Develop  a user-friendly interface to evaluate: 

1_Climate scenario_ starting from actual data
2_Data morphing_starting from  a rural EPW file to account urban conditions based on defined urban parameters.
3_Universal Thermal Climate Index_UTCI
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Common Grasshopper interface / Our simplified interfaces 

Behind the simplified user interfaces 
there is a workflow implemented 
through visual programming to manage 
the parametric logic
Knowing this complex phase, we have 

created simplified graphical user 
interfaces

Ladybug suite of tools 
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Advanced approach / 

The so-called “advanced approach” is the spatial and temporal downscaling that is the core for the 
evaluation of Meteorological scenarios and climate profile
Meteorological scenarios  are consistent and complete data sets of the meteorological variables.

Ladybug suite of tools 

https://www.ncei.noaa.gov/maps/hourly/


Erasmus+  Action Type: KA220-HED - Cooperation partnerships in higher education
Climate change, cities, communities and Equity in health Cli-CC.HE
Project Reference: 2021-1-IT02-KA220-HED-000032223

2nd Transnational Project Meeting: “Methodology and toolkit”
Ascoli Piceno, November 22-23, 2022

1) Make EPW file / user-friendly interface

CSV

EPW
From WWO or NOAA 

archive
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1)Representative scenarios / user-friendly interface
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2) data morphing interface / examples 
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2) data morphing interface / examples 
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3)Comfort evaluation / UTCI
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Ladybug suite of tools|userfriendly interface
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