Multiscale urban modelling and WUDAPT
Alberto Martilli
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Traditionally mesoscale models have been the most common tool used to
investigate urban climate

Spatial resolution of the order of 1km, domains up to 100km, simulation times of several days/weeks/years
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At this resolution city cannot be resolved explicitly and its effect must be parametrized with
so called Urban Canopy (UC) schemes embedded in mesoscale models.




First, basic step of any UC scheme is the simplifcation of the urban surfaces

idealized

(?)

equivalent

Advantage: every building behaves in the
same way and also every street behaves
in the same way. By computing the

Thanks to the idealization of urban surfaces, cities are represented by
few morphological parameters, namely:

fluxes for one building and for one street,

the fluxes for the whole grid cell can be Plan area building density E D
easily estimated.

Vertical area building density m

Mean (and in some cases distribution) ~ H' T 11 5 'ﬂ' -
of building heights. | '




Where to get the morphological data?

IONAL URBAN DATABASE
D ACCESS PORTAL TOOL
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WUDAPT

An Urban Weather, Climate, and Environmental
Modeling Infrastructure for the Anthropocene
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Fig. 1. Map of LCZs over Madrid using a Random Forest Classification.



Today, the simplification of the urban surfaces is the main
obstacle to progress.

With current computational power, we can retain more
details of the urban morphology and so better resolve
smaller scales. Mosaic approach, and increase

Several approaches are possible.
vertical resolution just for
turbulent vertical transport.

Simplest

Mesoscale grid scale (approx. 1km)

100m approx.
LCz1

LCz2 @ LCZ3
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Intermediate
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SOLWEIG, F. Linbdberg Better representation of urban structure, better

characterization of measures



Complex

Qk )>
V 7‘$‘I“-_ = -llll.".. —~
.‘--Il-----l"“ -ﬁ...'-. /-)) -*
...l--- l“‘ /
- - v
*.\
os® iy,
‘,—‘__ “5,

s® 4,

4" e,
R “mmn

Very expensive computationally, but maybe with GPUs? —

(Munoz-Esparza’s talk )
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Which data are needed?

LCZs probably not enough. More details on urban morphology are needed.

Possible sources, beyond city specific datasets

More global data available at high resolution

Gmail @ YouTube @ Maps

BY Microsoft | Bing Maps  GetStarted v | Products

Detailed morphology from
Dan Aliaga, Purdue (?).

Building

Footprints

An Al-assisted mapping deliverable with the
capability to solve for many scenarios.

CONTACT SALES >

Globus effort (UT group)



Continental to global scales
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Dlurnal Interaction bEtween urban €xpansion, An Urban Parameterization for a Global Climate Model. Part I: Formulation and

climate change and adaptation in US cities Evaluation for Two Cities
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Effects of white roofs on urban temperature in a global climate model

K. W. Oleson,' G. B. Bonan,' and J. Feddema®
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Fig. 1| Summertime urban air temperature change resulting from the dynamically interactive combination of 90 years of projected urban expansion and -1 <08 06 04 0.2 0 02 04 06 08 1
climate change (2090-2099 compared with 2000-2009). The sum of the effects of cimate change, urban expansion and thelr Interaction is shown. The
climate madels that are dynamically downscaled and the assodiated scenarios are CESM RCP 8.5 (a and b) and GFDL RCP 8.5 (e and d) at 15:00 LMST Figure 1. ALB minus CON simulations of urban minus rural air temperature for 19801999 climatology (°C) (a) annual
@ and¢) and 03:00 LMST (b and d). Each poant represents a decadal maan Juna-July-August (1A} subgrid near-suriace urban temiperature change (ANN), (b) December— February (DJF), (c) June—August (JJA). The urban temperature is the air temperature in the urban

within 2 20kmx 20km modal grid square. Land arsas dispiayed in white do not have projacted A2 2100 urban axpansion. canopy layer. The rural temperature is the average 2-m air temperature of the *“rural” surfaces (i... the vegetated and bare

soil surfaces) in the grid cell. Land areas displayed i white are grid cells that have zero urban area in the model.

At this scale and resolution, LCZ are probably enough




Integrate information from Building Energy/Indoor studies.

Heat generation inside the buildings from

Thermal and optical properties of buildings Building energy use
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Many data exists and are freely available, for example from EnergyPlus. They need to be “translated” to units and
framework needed in Urban Canopy Paramerizations.



Strategies

How to characterize them from the point of view of models?
Green buildings Street trees Roof top solar panels

High performance materials, passive cooling, etc.
> A Selective emitters
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Links to models that can represent people movements and activities. Coupling with Agent-
Based models (?).

Anthropogenic emissions of heat and pollutants

Flows of Atmospheric
people in conditions
the city

People’s activity

New devices that can be used to monitor people movements and environmental variables



npj | climate and activities. Coupling with Agent-

atmospheric science www.n ature.com/npjclimatsci

ARTICLE OPEN () Chock for updates
Urban climate changes during the COVID-19 pandemic:
integration of urban-building-energy model with social big
data

Yuya Takane (3 ¥, Ko Nakajima (%' and Yukihiro Kikegawa (37

people in
the cit

People’s activity

New devices that can be used to monitor people movements and environment:









