Abstract

Urban Multi-scale
Environmental Predictor

UMEP (Urban Multi-scale Environmental Predictor), a city-based climate service tool,
combines models and tools essential for climate simulations. Applications are presented

to illustrate UMEP's potential in the identification of heat waves and cold waves; the
impact of green infrastructure on runoff; the effects of buildings on human thermal

stress; solar energy production; and the impact of human activities on heat emissions.
UMERP has broad utility for applications related to outdoor thermal comfort, wind, urban
energy consumption and climate change mitigation. It includes tools to enable users to
input atmospheric and surface data from multiple sources, to characterise the urban

environment, to prepare meteorological data for use in cities, to undertake simulations

and consider scenarios, and to compare and visualise different combinations of climate
indicators. An open-source tool, UMEP is designed to be easily updated as new data and
tools are developed, and to be accessible to researchers, decision-makers and

practitioners.

https://www.sciencedirect.com/science/article/pii/S1364815217304140

—  Organized with pre-processor, processors
“”° and post processors

* Pre-processors are used to prepare and create the
required data.

* Processors are the main models for the calculations.
(SOLWEIG)

» Post-processors provide a quick analysis based on the
model’s outputs.

There is a tutorial here (for Goteborg) with the data to
download. Could be a good exercice to see how it works.

Web site manual

Web site tutorial

*  YouTube channel




UMEP SOLWEIG

A GIS-based climate planning tool for SOLWEIG models solar and thermal radiation in
researcher and practitioners. urban areas to estimate human thermal stress.

# / UMEP Manual View page source

# UMEP Manual building SVF

building DSM

Need help? Please let us know in the UMEP Community.

UMEP Manual

The Urban Multi-scale Environmental Predictor (UMEP) is a climate service tool, designed for
1. Introduction researchers and service providers (e.g. architects, climatologists, energy, health and urban planners)

Urban geometries

Getting Started presented as a plugin for QGIS. This tool can be used for a variety of applications related to outdoor

5 i thermal comfort, urban energy consumption, climate change mitigation etc. UMEP consists of a
3. Pre-Pro

coupled modelling system which combines "state of the art” 1D and 2D models related to the
4. Processor : ; ; =

processes essential for scale independent urban climate estimations.

UMEP is open source, where users can contribute as

o well as extend the tool to improve modelling

Acknowledgements capabilities. A major feature is the ability for a user to g
8 Fiow'to Corbribita interact with spatial information to determine model  Fig. 1 Source area modelling with UMEP
parameters. The spatial data across a range of scales DSM
and sources are accessed through QGIS - a cross- tree DS
platform, free, open source desktop geographic information systems application - that provides s :
11. FAQ (Frequently Asked Questions) data viewing, editing, and analysis capabilities.

9. DevelopmentGuidelines

10. Known Is

+

Meteorological data 7

1 s

Airtemperature  Humidity

12. Abbreviations

13, Tutorials # %
CLICK HERE TO GET STARTED.
14. Other Manuals

We are keen to get input and contributions from others. You can contribute in the following ways:

1. Submit comments or report issues about the UMEP plugin to the code repository

2. Participate in coding or adding new features.
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The main objective is to compute the spatial
variation of the mean radiant temperature based
on the radiation fluxes (shortwave and
longwave).

Works for pedestrian level!




How to use it
SOLWEIG is a processor of UMEP plugin in QGIS.

(@ Untitled Project — QGIS

Project Edit View Layer Senin ector Raster Database Web Meogessiﬂg Help
NeERRE Mepen PRABBLECR e
BQV.ZBED %8 g+

To download UMEP: : :

1. open the Plugins menu — Manage and Install Plugins B

2. Install UMEP and UMEP for processing plugins s s e
3. AUMEP menu should appear = —

To use SOLWEIG: Yo M;“a Rl Pozesng i
1. Open the UMEP menu

2. SOLWEIG is a processor

3. But SOLWEIG needs pre-processors... SQCrnm T K SHEARE® L% ® & &

L+ i

11111 M

» | 4 Mean Radiant Temperature

Processor (SOLWEIG)

Post-Processor » Urban Energy Balance »| i Extreme Finder

Help Solar radiation »




Pre-processors

In the Processing Toolbox (Processing — Toolbox) search for UMEP

1. Sky View Factor (mandatory)

Provided for the initial conditions e =

Has to be run for the project spatial changes (DSM & CDSM) A Uy o

Could take time to run for large spatial extent A Gy

v il UMEP
~ Post-Processor
¥¥ Outdoor Thermal Comfort: SOLWEIG Analyzer
E Outdoor Thermal Comfort: Spatial Thermal Comfort
@ Outdoor Thermal Comfort: TreePlanter v1.0.1
2. Wall Height and Aspect (mandator o
" g p y n Urban Heat Island: UWG Analyzer

Provided for the initial conditions

~ Pre-Processor
. Meteorological Data: Download data (ERAS)
. . . Spatial Data: DSM Generator
Has to be run for the project spatial changes (DSM) $ spuel Dt Tee Gt
u Urban Geometry: Sky View Factor
—> ﬁ Urban Geometry: Wall Height and Aspect

3. Others pre-processors can be useful (TreeGenerator, Meteorological
Data, Land Cover Reclassifier...).



Points Of Interest

POls can be placed in specific location to analyse with multiple parameters
the evolution during the time period.

A POl layer should be created:

1. Open Layer — Create Layer — New Shapefile Layer
2. Geometry type: Point

3. Each POI must have unique ID

New Empty Project

To add POils to the layer:
1. Toggle Editing
2. Add Point Feature and clic on the location of interest

POI -4: Tavs Tmrt

Example of use:

(After running SOLWEIG,
With MATLAB)

Air temperature [°C]

10 20 30 40 50 60 70
Tmrt °C]



Interface

() SOLWEIG
Spatial data
Required =
Building and ground DSM:
SkyViewFactor grids (.zip): Required Select
xUse vegetation scheme (Lindberg, Grimmond 2011) Vegetation Canopy DSM: Recommended -
Trunk zone DSM exist Vegetation Trunk zone DSM:
Save generated Trunk zone DSM
Transmissivity of light e - Percentof | 5
through vegetation (%): |~ - canopy height: | =
First day of year | Lastday of year
with leaves i ~ | with leaves 300
XJselandcaver scheme (Lindberg et al. 2016) UMEP land cover grid: Recommended -
Use land cover grid to derive building grid Ground DEM: Recommended ~
XSave generated buiding grid
Wal aspect raster: Required =
Wall height raster: Required -

Use anisotropic model for diffuse shortwave (Perez et al. 1993) and longwave (Martin Berdahl, 1984) radiation

Shadow maps (.npz) Select

Twurr parameters PET parameters

Absorption of shortwave radiation: | 0.70 |-

Absorption of longwave radiation: | 0.95 |, Activity (W): (80,0 || Height(cm): | 180

Posture of the body: | Standing = Clothing (do): [0.90 |2 Sex: |male

Output folder: Select

Meteorological data

xuse continous meteorological dataset

Estimate diffuse and direct shortwave

“

Mon Tue
22 6
23 2 3
24 9 10
25 16 17
26 23 24
27 30 1

Air temperature (degC): | 23.0 |,

Relative Humidity (%): |30.0 |,

Global radiation (W/m?): | 810.0

Direct radiation (W/m?): | 895.0

Diffuse radiation (W/m?: |92.5 =

Recommended Select

components from global radiation: x

June 1997 -
Wed Thu Fri Sat Sun

2 29 3 1

4 5 6 4 8

n 12 13 4 15

18 19 20 21 2

25 26 27 28 29

Water temperature (degC): |15.0 |

Wind speed (m/s) | 3.0

Wind sensor height (m) | 10.0 |2

UTC offset (hours): | 1

Local standard time: | 12:30 | _

Output maps Environmental parameters

xT""‘ Ko Emissivity (walls): | 0.90 |-

Kdown Ldoan

Emissivity (ground): | 0.95

Lup Shadow

Optional settings

XLndude POI(s)

V| Consider human as cylinder instead of box

Adjust sky emissivity according to Jonsson et al. (2005)

Add average mean radiant temperature map to project

-

= Albedo (ground): | 0.15

Vector point fle: Recommended -~

g
3

Save file(s) for TreePlanter

Albedo (walls): 10.20 |2

Outputs:

Additionnal default values and ticking are not
required.

All spatial and Meteorological initial data is given.
You can modify it, for the project, in QGIS or
MATLAB/PYTHON...

PET (Physiological equivalent temperature)
works including POI

Running time depends on the length of the
meteorological dataset and spatial extent.
(Advice: First run for one iteration and small
spatial extent) i

Building grid is then used in Post-processor to
exclude roofs as the model works for pedestrian

level. A\

Saved in a folder

A map for each timestep and selected Output
maps

A building grid

A text file for each POI



|deas

» Create scenarios:
Spatial; changing landcover, adding trees (TreeGenerator), green walls, buildings, sun protection building...

Meteorological; variation of the parameters, creation of dataset for different time period and seasons...
Values; comparing/selecting shapes of trees (height, trunk, diameter, transmissivity...), shapes of buildings/streets,
human parameters (Tmrt, PET)...

* Analyse:

Coding (MATLAB/PYTHON...); POls, evolution, maximum values, thresholds (litterature review), contributions...

In QGIS; Post-processor (SOLWEIG Analyser), spatial statistics (mean, median, max...), contributions, spatial analysis
(critical areas), overviews (qualitative and quantitative)...

Good to know:
Mean radiant temperature is based on mean radiation fluxes depending on several factors. To better
understand the contribution, one can read the research in the references section here.

YouTube playlist on how to use SOLWEIG with project research questions here.

The following slides are ideas with graphics and maps




Contributions

4
Mean Radiant Temperature = Tmrt =

—273.15
€p0

Where ¢,is the emissivity of human body, o is the Stefan Boltzmann constant and
Sstr the mean radiation fluxes.

Sstr = c[0.28Kgir, + 0.06(Ky + K\) + 0.88Kyir/,| + £,[0.88L_ 40 + 0.06(Lt + L})]

Radiation fluxes estimated with the incoming radiation, air temperature, relative
humidity, sky/ground view factor, sun’s position, shadow, emissivities and albedos.

For more details check the research documents on SOLWEIG.



Post-processor

Average mean radiant temperature
Diurnal mean [°C]  DSM of buildings [masl]
[
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MRT at 14:30
Tmrt [°C] Exact values
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Analysing the radiations
with MATLAB

Contribution of shortwave raditation on POI 4
I

Contribution of longwave raditation on POI 4
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Analysing with MATLAB
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Analysing with scenarios

In|t|al condltlons

i )",’A NoofHoursTnut>571['C] JH Sl J
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o | 3
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Tmrt [°C]
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Analysing with MATLAB
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Comparlng with Ville de Lausanne




