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Background

The urban climate is influenced by processes
taking place at a range of different scales.

Frankfurt am Main, Germany

Based on application, the appropriate scale
has to be considered.

Important to accurately couple and
understand the different scale dependent

processes.
Goteborg, Sweden



Background

London, United Kingdom

Here, UMEP (Urban Multi-scale Environmental Predictor),
an integrated tool for urban climatology and climate
sensitive planning applications is presented.




Overview of UMEP

UMEP

. (Urban Multi-scale Environmental Predictor)
The tool consists of a
coupled modelling

METEOROLOGICALDATA
system which combines

“state of the art” 1D MODELLING SYSTEM
and 2D models. e

The modelling system
contained within UMEP
is designed to run from SOLWEIG

the street canyon to city
scale (10°-10° m).

GIS/API

Code restructuring

necessary
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Overview of UMEP - Stakeholders

Stakeholder group is connected
throughout the development
process

Stakeholders mainly
practitioners (architects, urban
JERIES

Overview description of
pedestrian wind is highly
prioritized

Micro scale description of
vegetation needs to be
addressed

Data access in general



Overview of UMEP - Stakeholders

Stakeholder group is connected

throughout the development (b) (c)
process
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Vegetation units Canopy DEM Trunk zone DEM
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Data access in general R R
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The Modelling system

THE SOLWEIG MODEL (Solar and LongWave Environmental Irradiance Geometry)
(Lindberg et al. 2008 and Lindberg & Grimmond 2011)

- Simulates spatial variations of 3D radiation fluxes and T, in complex urban settings
- TheT_,, is derived by modelling shortwave and longwave radiation fluxes

- Sky view factor and shadow patterns are a central elements when estimating the fluxes

Mean radiant temperature (T, .) = A sum of all shortwave and longwave
radiation fluxes to which the human body is exposed.

Digital Surface Model, Goteborg (Sweden)
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The Modelling system

THE SOLWEIG MODEL (Solar and LongWave Environmental Irradiance Geometry)
(Lindberg et al. 2008 and Lindberg & Grimmond 2011)

- Simulates spatial variations of 3D radiation fluxes and T_. . in complex urban settings

mrt

- TheT

.t IS derived by modelling shortwave and longwave radiation fluxes

- Sky view factor and shadow patterns are a central elements when estimating the fluxes

Mean radiant temperature (T,,,,) = A sum of all shortwave and longwave
radiation fluxes to which the human body is exposed.
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The Modelling system
THE SOLWEIG MODEL (Future developments?)

To calculate thermal indices such as PET and UTCI, wind speed information is needed.
The possibility of applying statistical modelling of pedestrian wind speed using
high-resolution digital surface models is currently explored (Johansson et al. 2014)

A model to predict pedestrian wind speed in complex urban settings

Investigating the statistical relationships between wind speed and different derivatives

(measures) of urban geometry
Frontal Area Index




The Modelling system

SUEWS (Surface Urban Energy and Water Balance Scheme)
(Jarvi et al. 2011)

SUEWS simulates urban T, RH, K\, U, pressure Precipitation
energy and water
balances using

information on surface _ '
cover and basic

meteorology

Several sub-models for
Q*/ AQsI QFI Ie

Q, is estimated as a

residual e
-2 60 minutes

Surface divided into
seven interacting surface

types

Latest version: v2014b
where a new snow

module is included (Jarvi
et al. 2014)




The Modelling system

LUCY (Large scale Urban Consumption of energY model)
(Allen et al. 2010, Lindberg et al. 2013)

e LUCY simulates all components of Day- and nighttime population density in London
anthropogenic heat flux (Q;) from global to (@)
neighborhood scale. War? Y

e |t can be applied to any part of the world.

e LUCY operates at multiple scales specified by
input data. Data could be replaced and refined  SHESESNERSE" (n N SRV
based on application. AL N TS A | e

4367 - 6135
6136 - 8073

e Forcing data includes population, energy

B 10187 - 12779

consumption, traffic numbers and air temp. " W o

Q; in Greater London area, 2005

p j pp/km2
179 - 2257
2258 - 3975
3976 - 6274
6275 - 9428
9429 - 15622
I 15623 - 28369
I 28370 - 44922
I 24923 - 99636

0 5000 10000 20000m|t. S
N N 7




The Modelling system — existing coupling
BLUEWS (Boundary Surface Urban Energy and Water Balance Scheme)

DELLING SYSTEM (Onomura et al. 2014)

BLUEWS

CBL

o Boundary layer scales

/]
SOLWEIG K Free atmosphere

e A convective boundary
model is coupled to the
SUEWS scheme to CBL model

estimate daytime
temperature and humidity
based on the surface
energy fluxes

Surface

8 (T),q (RH) SOLWEIG _ ULSM (SEB) layer

__ Mt B oowee oo o B e oo
output input

p) N Meso scalé (10% — 105 m)
CBL model SUEWS/LUMPS «— > Local scale (102 — 104 m)

\{ o?/ Micro scale (101 — 10% m)

Qy Qe The CBL modelling scheme (Cleugh and Grimmond, 2001)
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HEATING /COOLING
RATES

The Modelling system — planned coupling

DELLINGSYSTEM

—

BLUEWS

CBL
r 3

SOLWEIG [

Phase 1 Phase 2

18 24

BLUEWS

e Intra urban nighttime T, cooling rate scheme
will be included in BLUEWS.

e The scheme is based on empirical
relationships using weather parameters and
urban geometry.

e This scheme can also be used to obtain initial
parameters for the daytime CBL scheme

daytime cooling = phase 1A =—=phase 1B phase 2

o
CRy,

cooling rate {(*C h?)

5
Time from sunset (h)

Conceptual cooling rate model (Holmer et al. 2007)




The Modelling system — planned coupling

MODELLING SYSTEM

BLUEWS

e Air temperature and humidity is used as forcing input
to SOLWEIG

e SOLWEIG output will be used to improve outgoing

radiation fluxes used in SUEWS/BLUEWS

Sun/shade patterns 1130, 3 June. Barbican London

sunlit roadftotal road area sunlit walltotal wall area

Sunlit walls

300 400



The Modelling system — planned coupling

TR e Air temperature will be forced into LUCY

BLUEWS

e LUCY will be able to provide more detailed
information on anthropogenic heat flux to the

— modelling system
[ J

New features will also be included in the Q;

modelling e.g. detailed traffic information and/or
agent based modelling

ANTHROPOGENIC HEAT FLUX

Date: 30 - Nov - 07, Time: 02 pm

Anthropogenic heat flux (Q;) in Hong Kong
using high resolution population data
(Yogeswaran, 2014)




The interface (API)

One main purpose of UMEP is that it should be available and
assessable for as many uses as possible (researchers and practitioners)

e A graphical user interface is needed

e A GIS-based approach is needed

e Many types of formats and data information should be able to be processed

e The interface should be able to do both pre- and post processing of information

e The interface should provide users with tips and recommendations



The interface (API)
Instead of starting from the beginning QGIS will be used as API/GIS
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The interface (API)

QGIS makes is possible to:
* make use of all the mapping capabilities within the API (e.g. ogr/gdal)

Q

e make use of all the geoprocessing capabilities within the API (e.g. GRASS, SAGA)

e extend the API by developing new components (as plugins)

Quantum GIS was founded in
2002. QGIS is an official project
of the OSGeo (osgeo.org).

QGIS provides a continuously
growing number of capabilities
provided by core functions and
plugins. You can visualize,
manage, edit, analyze data,
and compose printable maps.

Written in C++ and binds with
Python.

{3 Plugins | All (316)

Astrogeology POW
Attribute painter

AutaTrace

Azimuth and Distance Calculator
Azimuth and Distance Flugin

BLN Exporter

Blurring

Buffer by Percentage

Accuracy Assessment

Generate an error matrix and measures of
mapping accuracy for raster and reference
data.

3 rating vote(s), 18852 downloads

10
Install plugin

HE||:|

The Plugin manager in QGIS 2.4



The interface (API) Q

Plugin example (SUN):

e Plugin that visualize model results from a 3D solar energy model (SEBE, Solar
Energy of Building Envelopes)

7

LY

Project Edit View Layer Settings Plugins Vector Raster Database Web CadTools Processing Help

Hide areas with kwh under.
“‘D ‘

iy Update

—Hide/Show

[] Hide vegetation
[ ] Hide ground

11 feature(s) selected on layer Buildings Guldheden. % Coordinate: 1332007,7303354 Scale || 1:20 901 v || %] Render || EPSG:3857 @

SUN plugin, version 0.9, experimental



The interface (API) Q

The UMEP plugin will consist of three separate parts:

Pre-processor Processor Post-processor

Input data preparation Execution of the Possibilities to visualize
Grid generation for actual modelling output data

sub-grid modelling system Map generation
Simple weather Models can run Averaging and
generator to produce separately or coupled statistical analysis of

example input data Models can be run output data
Generation of general with the focus on

morphology info such time, space or in

as sky view factor, PAI, combination

FAI, H/W-ratios etc.




Existing examples of applications - SOLWEIG

Outdoor heat stress across European cities - in a climate change perspective

Observation Changes until mid-21st century Changes until late-21st century

e Heat stress in three European
cities (Gothenburg, Frankfurt and
Porto) is analyzed using the mean
radiant temperature, T

mrt

Gothenburg - Densemidrise

e Although air temperature is
projected to increase in all cities
by 2100, changes in solar radiation
due to changes in cloudiness may
counterbalance or aggravate the
effect
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e In Gothenburg the number of
severe heat stress days will be
more or less the same by the end
of the century, whereas it will
double in Frankfurt and triple in
Porto

- |
20 120hrs/yr

30 60
I Building Height

20 30 40m
Spatial pattern of the number of hours per year when T, 2

60°C. Projected future changes in number of hours by mid- and
late-21st century are shown to the right.

e ]
0 30 60 90 120  150hrs/yr 0




Existing examples of applications - SUEWS
Spatial variations of energy fluxes in London
1. Input data

Land cover



Existing examples of applications - SUEWS

Spatial variations of energy fluxes in London
1. Input data
2. Possibility to

aggregate data (grid
or adm. areas)

P T )k I Buildings

| Impervious

Water

Grass
Conifer
Decidious

| Shrubs
Land cover




Existing examples of applications - SUEWS

Spatial variations of energy fluxes in London
1. Input data

2. Possibility to
aggregate data (grid
or adm. areas)

. Derive forcing data
to the modelling
system

zH Buildings 76-10.0 6-20.0 27.6-30.0
00-25 10.1-12.5 225 [ 20.1-325
26-5.0 126-15.0 25.0
51-75 151-175 275 z,, (Mean Building Heights)




Existing examples of applications - SUEWS

Spatial variations of energy fluxes in London

PAI Buildings
0.000016 - 0.050
0.051-0.10

0.11-0.15 0.26 - 0.30 0.41
0.16-0.20

021-025

0.31-0.35

0.36-0.40 0.51

0.46 -
-0.55

I 056 -

1. Input data

Possibility to
aggregate data (grid
or adm. areas)

2.
3.

Derive forcing data
to the modelling
system

-0.45

0.50

g A, (Building fraction)



Existing examples of applications - SUEWS

Spatial variations of energy fluxes in London
1. Input data

2. Possibility to
aggregate data (grid
or adm. areas)

. Derive forcing data
to the modelling
system

: N
zH Trees 41-6.0 8.1-10.0 12.1-14.0

31-40 6.1-8.0 10.1-12.0 14.1-16.0
___ RCERREXR 7, - (Tree heights)




Existing examples of applications - SUEWS

Spatial variations of energy fluxes in London
1. Input data

2. Possibility to
aggregate data (grid
or adm. areas)

. Derive forcing data
to the modelling
system

. Model results
presented in map of

adm. areas.

zH Tr'ees 8.1-10.0 12.1-14.0
3.1-40 10.1-12.0 141 -16.0

B 6.1-18.0  Zy (veg) (Tree heights)




Existing examples of applications - SUEWS
Spatial variations of energy fluxes in London
' . Input data

. Possibility to
aggregate data (grid
or adm. areas)

. Derive forcing data
to the modelling
system

. Model results
presented in map of
adm. areas.

95th percentile QH [W m-2]

" 150

= 200

Qy (Sensible Heat Flux
statistics for July 2012)




Existing examples of applications - SUEWS

Spatial variations of energy fluxes in London

Barking and Da

E
[}
O
I
Luk]

=

Hammersmith anc

July 2012

% Vegetation

1. Input data

2. Possibility to
aggregate data (grid
or adm. areas)

3. Derive forcing data
to the modelling
system

4. Model results
presented in map of
adm. areas.

5. Model results
presented as graphs

Qy (Sensible Heat Flux
statistics for July 2012
related to vegetation
fraction)



Existing examples of applications - SUEWS

Heat and water exchanges with different planning alternatives in the center of London

e Alternative 1:

Adding 10% of street trees

Base run

=== Alt1

e Alternative 2:

Changing 2% of the roofs to
green roofs

-
-"".F .-'"-\-

12 34 5 6 7 8 9 10 1112 e Alternative 3:

Time (month) Alternative 1 + Alternative 2



Examples of future applications - coupling

Energy balance

Q%)
Densification Temperature Thermal comfort
Energy budget , Humidity
(QH ’ QE’ AQs)

Anthropogenic
heat (Qg)



Summary

The concept of UMEP (Urban Multi-scale Environmental Predictor), an
integrated tool for urban climatology and climate sensitive planning
applications is presented.

The tool consists of a coupled modelling system which combines “state
of the art” 1D and 2D models related to the processes essential for
scale independent urban climate estimations

UMEP will become available as a plugin in QGIS, which is an OSGIS API

First release, hopefully in first half of 2015

Thank you



