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Heath and Climate Profile Model and proposal for the Toolkit
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What is the Climate Profile?

Reconstruction of climate features characterising a specific location

CLIMATE MODELLING

THEORY

APPLICATION

Ladybug

I

I

1 Climate Visualization
1 + Analysis

I

Honeybee
Building Energy,
Daylight + Comfort
Modelling

MICROCLIMATE MODELLING

SUITE OF TOOLS
e.g. Ladybug

® ® ®

Butterfly

—

[ [
I [
I Airflow Modelling I
I (CFD) |
I [

Dragonfly

Climate Modelling
(heat island, future climate)

I Web Visualization
I (sunpath, shadows, gbxml

I viewing/editing, rad viewer)
|

BIOCLIMATIC ASSESSMENT
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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.

Mathematical equations defining the Earth’s physical
system on a temporal scale;

Global Climate Models (GCMs) simulate the
interactions among the atmosphere, ocean, land
Regional (10 km x 10 km)

surface, and ice; Local (1 km x 1 km)
Kotamarthi et al., 2021

Global (100 km x 100 km)

GCMs’ horizontal resolution is in the order of 100km.
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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.

CliC=

Global model

(AOGCM)

Regional model
(RCM)

Elevation (m)

Giorgi & Gutowski, 2015
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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.
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CliC=

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: x = xg + Axy,
- Linear stretch: x = a,,, X,
- Shift and stretch: x = (x¢); + Ax,, + (1 + ;) + (X0 — (X0)m)

X is the present-day climate variable, Ax,, is the shift, and
a,, 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

Z

A

L
Drag Wake diffusion Radialion/

Wind profile  Fluxes  Radiation

Urban growth affects the atmospheric processes
developing consequently distinct urban climates.
Urban climates range over different time and horizontal

Roughness sublayer Roughness sublayer

h

Lowest model level

Urhim cameqry Liyer

Ulrban canopy layer

Space scales' F].u\-n‘sl]uﬁh:l level
Phenomena related to these climates can be studied by Momentum Turbulence | Heat

dopting different tools at different scal o o
adopting different tools at different scales. Chen et al., 2011

Horizontal scales Detail of city representation Modelling & simulation approaches

RCMs, to describe the urban environment and

i. Global / regional modified vegetation canopy 20

domain size O(1000 to 100 km) bulk processes % . . .

model resolution. ~100 10 10k oy =0 induced climate phenomena, adopt three schemes:
Apy A . .
i, City st sstcaon 152 - Bulk parameterization

domain size O(100 to 10 km) r:gz::g:::::;:l?:gon %

model resolution ~5 t0 0.3 km p. .

single- / multi-layer canopy op = 0 —_—

ol W - Single-layer Urban Canopy Model (SLUCM)
b induced procenses %ﬁ% - Multi-layer Building Effect Parameterization (BEP)

iii. Neighbourhood

domain size O(/0to 0.1 km)
model resolution ~10to 1 m

resolved
building-resolving simulations 0 7 0

The level of detail increases, moving from the

Hertwigetal., . i
e simplest Bulk to the most detailed and complex BEP

2020

indoor / outdoor environments &.
coupled processes resolved %g
N

indoor-resolving simulations

iv. Building
domain size O(100 to 10 m)
model resolution ~4 to < I m
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Microclimate modeling

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.
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These simulations are needed to test

planning and urban design proposals and
predict urban developments’ impacts on

Increased noise nhal

d
f energy

Downtown

local climate and building thermal behavior.

Urban
residential

Industrial

Vurro 2022, work in progress

Urban heat island effects are largely
studied through this approach.

Common tools include ENVI-met,
RayMan, Autodesk, Ladybug, etc.
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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).
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Bioclimatic assessment - UTCI

Meteorological
Input

The UTCl is a measure of the human physiological
response to the thermal environment. It describes the @ el tef?;’sfat“fe
synergistic heat exchanges between the thermal w
environment and the human body, namely its energy C K T
budget, physiology and clothing. 4 hurii

L = (i po)

The UTCI considers four meteorological parameters: air
temperature, mean radiant temperature, relative

UTCI at 1500
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UTCI
Equivalent Temperature (°C)

humidity and wind velocity.

Clothing model

temperature-dependent insulation

reduced by wind and walking

uTCl
<o
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I 26.1- 30} Moderate heat stress
I 30.1- 32} strong heat stress

201-26

MU LT Miles
037575 150 225 300
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15.1-20 ] No thermal stress
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very strong heat stress |3 40
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E 20
no thermal stress
10
slight cold stress
E O
moderate cold stress 5
strong cold stress E-20
E -30
very strong cold stress
E-40
extreme cold stress
B _50

Brode et al., 2011

Balogun et al., 2019
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Bioclimatic assessment - PET {C\}C& ey

core temp. T¢

Real thermal Reference

environment

environment skin temp. Tgy

T sweat rate SR T, = geT
PET is defined as the air temperature at which, in a © A/Isl—';;dg—t@: e CEe
typical indoor setting (without wind and solar R

radiation), the heat budget of a standardized 17":7;{;1

human body is balanced with the same core and

skin temperature as under the complex outdoor Thermal coot [N eyrar <tianely LTS
conditions to be assessed. PETTRC] 2 g g

The standardized person is characterized by a work gl
metabolism of 80 W of light activity, in addition to
basic metabolism; and by 0.9 clo of heat resistance

lextremel mc-iclle'ra;t '
strong
CHONINDINSI T R E

Kantor et al., 2016

as a result of clothing. o w 41<PET
W 35<PET<40.9
It also considers four meteorological parameters: - - 29<PET<34.9
. . . — 23<PET<28.9
air temperature, mean radiant temperature, air g o 18<PET<22.9
humidity and wind velocity. S 0% N
- 22: m 4<PET<7.9
10% P32 Bleta et al., 2013
0%
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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

Analyse
™ H K
gj]g % Select geometry
% Select geometry to anlyse
=
== Select period
== Start period 05/01/2022 (&)
R End period 05/20/2022 %)
N —e
[ 4 o .
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Ladybug suite of tools

Common Grasshopper interface / Our simplified interfaces

\spper - Simple nteriaced 1 . ;

;‘(a’br"'.\':ﬂ'ﬂl::ﬂ.LpFE;IWP?@C?O'UT%KP%“.!»UIGLBluQﬁLISEE‘Fl!rHH

EAad e BE OO0 26 * M A0S ED 0 SHI =T WG o .9

L RE HEE s SMengxlle® ¥ i ¥EF O = T = . ) e .

& s O=® e * 8 8 Bk 4 @ iy Behind the simplified user interfaces

SO0 830 there is a workflow implemented
through visual programming to manage
the parametric logic

Knowing this complex phase, we have
created simplified graphical user
interfaces

List Lenath

Bua A Lergth ig) 3

Qe

lution comgleted in ~5.9 seconds (70 seconds aga)
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Ladybug suite of tools

Advanced approach /

Ladybug

Ladybug performs detailed analysis of climate data to produce customized,
interactive visualizations for environmentally-informed design.

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 Tools TOOLS = RESOURCES = PRODUCTS = ABOUT =

LIS KT 43 CUNCHONN theed XA Actual Meteorologic Year (AMY)

l. TN Einij ’ Il l.|1“| I Creation
T,

l.ﬂ Using publicly available data from the National Climatic Data

Typical Yoar i Pars

lh |8

it

i . Center, create EPW files for virtually any recent year for most

locations on Earth,
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Slayers

Hourly Global

[J 15 Minute Precip. (19505-2014)

[ Hourly Precip. (1950s-2014)

[J cooP Hourly Precip. (1950s-present)

[ Hourly Normals (2006-2020)
[ Hourly Normals (1991-2020)
[ Hourly Normals (1981-2010)
[ climate Reference Network

[ Local Climatological Data
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1) Make EPW file / user-friendly interface

Grasshopper - interfacce*

File Edit View Display Solution Help Pancake SnappingGecko AutoGraph MetaHopper Speckle 2

® I VY /sSSP YT XS ®» ALEBESBFESWGVY BECqag @~ K
E B OB o= EE @0 m @I L
e CAMeO=E E-Q BN B
i HEJIE}@ fs e
@ el zoex ‘@ EBA WS

[ CSV weather data to EPW

[ Representative day ;

[ Morph an EPW with UWC

) [ (6)
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Ladybug

CSV

From WWO or NOAA
archive

Ladybug performs detailed analysis of climate data to produce customized,
interactive visualizations for environmentally-informed design.

EPW
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1)Representative scenarios / user-friendly interface

Speckle 2

38.0
36.5
35.0
335
32.0
30.5
29.0
27.5
26.0

245

Temperature (C)

23.0

CliCH=

Ladybug

Ladybug performs detailed analysis of climate data to produce customized,
interactive visualizations for environmentally-informed design.

1.8
1.6

1.4

Ascoli Piceno|LRD-16/08/2021-2018/2021-Daily avr > 28 Wind (m/s)
period: 8/16 to 8/16 between 0 and 23 @1

Ascoli Piceno|RD-30/07/2021-2018/2021-Daily avr > 28 Wind (m/ Each closed polyline shows frequency of 2083% = 50 hours.
period: 7/30 to 7/30 between 0 and 23 @1

Each closed polyline shows frequency of 208.3% = 50 hours.

Ascoli Piceno|LRD-16/08/2021-2018/2021-Daily avr > 28

Ascoli Piceno|RD-30/07/2021-2018/2021-Daily avr > 28

12AM 6AM

2PM 6 PM 12 AM

Representative and Less representative day Comparison (Air Temperature)

Ascoli Piceno
From 2018 To 2021 - Daily avr > 28

"

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

Co-funded by the S
Erasmus+ Programme A

* o *

of the European Union




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

2) data morphing interface / examples

Urban Weather Generator (UWG) [Bueno et al, 2012]

Building Energy Model that has been integrated in the Town Energy Balance scheme applied to control volumes in the

urban canopy and boundary layers

UWG estimates the hourly urban canopy air temperature and humidity using weather data from a rural weather station

Robusness
Different weather stations (often times data is not available for
a site that captures climate conditions upwind of the city)

All weather: rainy, dry/cloudy, and dry/clear

Versatility
Output is a morphed weather file [epw] that is compatible with
many building performance simulation programs

Reliability
Results are comparable to a more computationally expensive
mesoscale atmospheric model yet computationally efficient

Simplifications and assumptions of the model prevent it from
capturing very site-specific microclimate effects

o~

.

,
g |f "(

@ Ladybug Tools

urban canyon

ToOLS -

Urban Weather Generator (UWG): Required Parameters

Meteorological parameters

Daytime + nighttime boundary layer height

Reference height at which the vertical profile of potential
temperature is assurned uniform

Urban morphology parameters

Internal heat gains [heat flux from AC is calculated by the
model]

Building construction + road surface material properties
Anthropogenic heat from traffic

Vegetation [trees « grass; trees are treated as shading
devices for urban canyon

Reference site paramelers

Road surface material properties

Vegetation

RESOURCES = PRODUCTS = ABOUT =

Dragonfly

Dragonfly enables the creation of district-scale models for energy simulation with
URBANopt, electrical electrical infrastructure simulation with OpenDSS,
renewables optimization with REopt, and urban heat island modeling with the
Urban Weather Generator (UWG).

Input parameters include urban marphology, geometry, and surface materials as well as meteorology

Urban Geometry Parameters

h,,

site coverage ratio=—j_—

facade-to-site ratio =—‘2§L

Building perimeter P
Building footprint A,
Average building height h_,
[weighted by faotprint]

site area A
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2) data morphing interface / examples

Morph an EPW with UWG

Set building properties

HighriseApartment ~ 1980_2004-ClimateZon ~

StripMall - 1980_2004:ClimateZon ~

LargeOffice = 1980_2004.7limateZon ~

Select terrain ~

Albedo

m

Conductivity W/m-K

ic heat capacity J/m3-K m

Set traffic properties ~ u

T ——a Wt

Context G

Weather data file

Select an EPW file

Make th morphed EPW file
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@ Ladybug Tools

Temperature (C)

42
41
40
39
38
37
36
35
34
33
32
31
30

TOOLS * RESOURCES * PRODUCTS * ABOUT =

Dragonfly

Dragonfly enables the creation of district-scale models for energy simulation with
URBANopt, electrical electrical infrastructure simulation with OpenDSS,
renewables optimization with REopt, and urban heat island modeling with the

Urban Weather Generator (UWG).

=

%
A

Urban

N/

Rural

Jul
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3)Comfort evaluation / uTcl
Ladybug

Ladybug performs detailed analysis of climate data to produce customized
interactive visualizations for environmentally-informed design.

Analyse

Select geometry

Select geometry to anlyse

A
[]

&
o
o
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Ladybug suite of tools|userfriendly interface @ @

Ladybug Honeybee Dragonfly

Grasshopper - interfacce*

Morph an EPW with UWG Analyse

Y729V XS »aLBBFESWGYVSC c = H K Set building properties 5
Su) = a6 %ié 5 @ WE C T e E Selectgecmetry
ii;, Ol A L e 28 St NN il = C Select geometry to anlyse
L cows ] T LargeOffice = 1980_2004 SfimateZon ~
1= N o saiuds
Select terrain ~
[ o ] ° oo
) —e——— nsn ==
(= El— e s
= [ 2560000 | &} ym3K = Select period
b Set traffic properties ~ = Start period 05/01/2022 (3
End period 05/20/2022 [
Ioélﬂ@.ﬂ
: : P can Co-funded by the *
2nd Transnational Project Meeting: “Methodology and toolkit y 5

Erasmus+ Programme [

* ok

Ascoli Piceno, November 22-23, 2022 of the European Union




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

