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Motivation to study urban meteorology

From Megacities (10M inhabitants, 33 right now) -> Gigacities

9 Questions concerning
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Motivation to study urban meteorology
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Energy

Texas power demand to keep
breaking June records in
heatwave
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Upsurge in sleeping problems due to
UK's longest heatwave in 40 years

People left tired, irritable and less productive at work after nights
of poor shuteye

A

Britain’s longest heatwave since 1976 has led to a upsurge in sleeping
problems, with people left tired, irritable and less productive at work after
sweaty nights of poor-quality shuteye.

Record temperatures of up to 32.4C (90.3F) have been stopping many people
getting a proper rest as they struggle to get to sleep in rooms that are
uncomfortably warm, experts say.

“I'm very aware of people reporting more difficulties sleeping as the
temperature increases, both personally and professionally,” said Dr Michael

Health

Urban planning

Raven et al. 2018



#showyourstripes Amsterdam. Climate change
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Yearly hours of Physiologically Equivalent Temperature > 23 degrees (1951-2020).
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Motivation to study urban meteorology

Cities start to appear in our model grids!

Dominant category (category) Dominant category (category)
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Scales studied in urban meteorology
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Urban radiation and energy balance
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How to define “urban” (for obs and modelling)?

All urban.
But all look different!!!

Stewart and Oke 2012

WAGENINGEN Toyono (Japan)

UNIVERSITY & RESEARCH



How to define “urban”?

" “"Rural” site in Tokyo!
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How to define “urban”?

" Understanding observations

® 9 criteria for documentation
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Stewart 2011
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How to define “urban”?: Local Climate Zones

" Simple and logical nomenclature by which objects/areas can be
named and described

" Facilitate information transfer by associating objects/areas in the
real world with an organized system of generic classes.

" inductive generalization (sample is a good estimate for population)
" inclusive of all regions
" independent of all cultures,

" guantifiable according to class properties that are relevant to surface
thermal climate at the local scale (250 m -= 1 km)

WAGENINGEN
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How to define “urban”?

Built types

Definition

|. Compact high-rise

Vi

2. Compact midrise

3. Compact low-rise

4. Open high-rise

e

5. Open midrise

! ﬂﬁ?

Dense mix of tall buildings to tens of
stories. Few or no trees. Land cover
mostly paved. Concrete, steel, stone,
and glass construction materials.

Dense mix of midrise buildings (3-9
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tile, and
concrete construction materials.

Dense mix of low-rise buildings (1-3
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tile, and
concrete construction materials.

Open arrangement of tall buildings to
tens of stories. Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of midrise buildings
(3-9 stories). Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

6. Open low-rise

9. Sparsely built

& & @
b

= i

10. Heavy industry

PP wded
LY

#

Open arrangement of low-rise buildings
(-3 stories). Abundance of pervious
land cover (low plants, scattered trees).
Wood, brick, stone, tile, and concrete
construction materials.

Dense mix of single-story buildings.
Few or no trees. Land cover mostly
hard-packed. Lightweight construction
materials (e.g., wood, thatch,
corrugated metal).

Open arrangement of large low-rise

_ buildings (-3 stories). Few or no

trees. Land cover mostly paved.
Steel, concrete, metal, and stone
construction materials.

Sparse arrangement of small or

medium-sized buildings in a natural
setting. Abundance of pervious land
cover (low plants, scattered trees).

Low-rise and midrise industrial struc-
tures (towers, tanks, stacks). Few or
no trees. Land cover mostly paved
or hard-packed. Metal, steel, and
concrete construction materials.

Stewart and Oke 2012



How to define “rural”?

A. Dense trees

B. Scattered trees

D. Low plants

Heavily wooded landscape of
deciduous and/or evergreen trees.
Land cover mostly pervious (low
plants). Zone function is natural

forest, tree cultivation, or urban park.

Lightly wooded landscape of
deciduous and/or evergreen trees.
Land cover mostly pervious (low
plants). Zone function is natural

forest, tree cultivation, or urban park.

Open arrangement of bushes, shrubs,
and short, woody trees. Land cover
mostly pervious (bare soil or sand).
Zone function is natural scrubland or
agriculture.

Featureless landscape of grass or
herbaceous plants/crops. Few or
no trees. Zone function is natural
grassland, agriculture, or urban park.

E. Bare rock or paved

F. Bare soil or sand

Featureless landscape of rock or
paved cover. Few or no trees or
plants. Zone function is natural desert
(rock) or urban transportation.

Featureless landscape of soil or sand

_ cover. Few or no trees or plants.

Zone function is natural desert or
agriculture.

Large, open water bodies such as seas
and lakes, or small bodies such as
rivers, reservoirs, and lagoons.

Stewart and Oke 2012



How to define “urban”?

WUDAPT: World Urban Database and Portal Tool

Toulouse
=

0 10  20km o 10 20km 0 ' 10 ' 20 km
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Europe into local climate zones. PLoS ONE 14(4): e0214474.



Web-based LCZ generator.

& C @ O 6 https://Icz-generator.rub.de 90% ¥ Q & =

Z Generator Home

Welcome to the LCZ Generator!

Fast and easy Local Climate Zone mapping

Getting started:
1. Read Demuzere et al. (2021) it serves as the primary user guide
2. Download the Training Area Template kml file
3. Create your Training Areas following the guidelines
4. Once finished, use the submission form to submit your file.

5. Fill out the fields in the submission form; fields with an asterisk (*) are required.
» Show detailed information

6. Submit the form. If you see a green box appear on the top of the page after clicking the submit button, your submission was successful
and will be processed. If a red box appears, there was a problem with you Training Area file. Check out the FAQ for more information.

7. You will be notified via email once the processing has finished. Depending on the current load of the system it should take ~20 minutes.

8. After you received the email, your submission is also available in the submission table.

Submit your Training Area Show generated LCZ maps

Please cite the tool using:

Demuzere, M., Kittner, J., Bechtel, B. (2021). LCZ Generator: a web application to create Local Climate Zone maps. Frontiers in
Environmental Science 9:637455. https://doi.org/10.3389/fenvs.2021.637455

WAGENINGEN
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Crowdsourcing: main platforms

" www.netatmo.com, www.wundergrond.com, wow.metoffice.gov.uk/
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http://www.netatmo.com/
http://www.wundergrond.com/
https://wow.metoffice.gov.uk/

Global Radiation (W/M?)

Crowdsourcing: data challenges
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Crowdsourcing: data challenges

Built-up

Urban green/
lelsure

Airports

Agriculture/
grassland

Forest

Water

e By B
370 76 380
10 km Projection: UTM, Zone 33 North (WGS-84)
Datum: WGS-84
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Crowdsourcing: Protocol for data selection

Quality s - . . . Percent of
level Description criteria for data filtering Potential error sources raw data
AO Crowdsqurced air temperature (T,,.4) raw data with Netatmo API and server limits 100.0
correct timestamp
Al Netatmo stations with valid metadata (latitude, longitude) User-specific operating error 97.9
Intermittent failure of wireless network, loss of battery
0, 14
A2 80% hourly data per day power, server failure 91.7
. Intermittent failure of wireless network, loss of battery
0, 7
A3 80% daily data per month power, server failure 70.1
B Indoor station filter, monthly average and standard User-specific installation error (misuse), netatmo 59.7
deviation of daily minimum air temperature (TN) outdoor module set up indoors '

Systematic radiative error filter, positive and significant
C1 correlation between global radiation and air temperature
difference (Teowg o = Trer)

Netatmo outdoor module set up in a sunlit location (no
- . 52.0
radiation shield)

Single value radiative error filter, flagging day-time values
C2 when air temperature difference (Tong 10 = Trer) > 3 * SD
in Tref
Outlier filter based on spatial average of T,,,s £ 3 * SD in netatmo outdoor module temporarily moved, other 471

T erowd measurement errors

At times the netatmo outdoor module received direct

short wave radiation 47.3

1500 stations for Berlin, 47%0 useful for analysis UHI intensity etc.
WAGENINGEN

UNIVERSITY & RESEARCH Analog for wind in Droste et al (2020) and rain in De Vos et al (2020)



Crowdsourcing: Smartphone data

Smartphone

Latitude (9)

Longitude ()

FA day A day ] .
e, j.d ﬂleP:-j:-d —|_C‘? —l_ E"'Tld"
r hl
@)
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Overeem et al, 2013, Droste et al, 2017



Crowdsourcing: Smartphone data
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Later on refined to neighbourhood and LCZ scales in Droste et al (2017)



Modelling Hierarchies

" GIS based models
" Large-Eddy Simulations
" NWP/mesoscale modelling

® Climate models

WAGENINGEN
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Modelling Hierarchies: GIS based models

« Use physiological equivalent temperature (thresholds are known from physiological studies)
« Force with rural AWS data, Digital Elevation model, tree database

« Need 1 m2 spatial resolution

« Shadow, wind, temperature

1 3
| UHI,. = (2= SVF = fies) \/ SD%
I wm.ﬂ’ direction

1 2
0. 5 1))
H(l 2) — H, € d UHI: urban heat island effect
SVF: sky view factor

fveg: green fraction

U: wind speed

S: downwelling solar radiation
DTR: Tmax-Tmin

Theeuwes et al (2017)

WAGENINGEN Af/Ad: frontal area index
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McDonald (2000)



Modelling Hierarchies: GIS based models

Koopmans et al., 2020




Modelling Hierarchies: GIS based models

Difference in
PET °C

CLN b br O

Koopmans et al., 2020
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Modelling Hierarchies: Large-Eddy Simulations

m I Institute of Meteorology and Climatology Visualization created with VAPOR (www.vapor.ucar.edu)
DQILT] ! \BM Leibniz Univergta

500 =% sl
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400@".",. 45
7 o00 s 7
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i

x (m)

» Filtered Navier Stokes equation

* Sub grid contribution

* High resolution building data required
« Computationally expensive

Example Berlin

WAGENINGEN
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Maronga et al., 2019, Meteorol Z



Modelling Hierarchies: Large Eddy Simulations

Urban surfaces

Radiation
 Radiation budget
* Energy balance 5 :
* Heat conduction Shading

« Indoor climate &
energy demand
* Green elements

* Reflections

v
PALM-4U

Impact
* Multi-agent
system
* Biometeorological
analysis
* Transport
* Reactions
* Photolysis
* Emissions
* Aerosols Vegetation

* Energy balance
* Momentum sink

* Shading
Technical solutions i
« Mesoscale nesting Soil
* LES-LES nesting * Roots
* RANS mode * Soil temperature
* User-friendly GUI

* Soil moisture

WAGENINGEN

UNIVERSITY & RESEARCH

https://palm.muk.uni-hannover.de/trac/wiki/palm4u



https://palm.muk.uni-hannover.de/trac/wiki/palm4u

Modelling Hierarchies: NWP models

a Models developed b Models developed
Atmospheric model domain in the 2000s in the 2010s
Atmospheric Atmospheric

grid cell i gridcell
| ! 1

Vertical layers
l_"\—|

Exchanges of heat
and water vapor

Radiative
exchanges

Wall Vegetated
ground

Urban tile

Vegetated tile

Resistance approaches at different levels of complexity

WAGENINGEN
Masson et al. 2020



Modelling Hierarchies: NWP models

Tmr,r 7
QH, urban system
Monin Obukhov
QH, roofs r QF, chimneys
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Lots of (uncertain) geographical information needed!



Modelling Hierarchies: NWP models

(c) Level 3 (d) Level 2 4., (e) Level 1 %Ta

Tg Tg

WAGENINGEN
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Modelling Hierarchies: NWP models

* Tree foliage is evenly
. . B . . & b . distributed across the
‘canyon’ or ‘building’
spaces

* Beer’s law for
attenuation by
vegetation; spherical leaf
angle distribution with
clumping

layers

* Ray tracing, view factors,
and matrix inversion

WAGENINGEN

UNIVERSITY & RESEARCH KraaijenhOf et al 2015



Modelling Hierarchies: Does complexity pay off?
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Q' (Wm™) - RMSE

Modelling Hierarchies:

Blue: simple model;
(a) Stage 1
mean = 29/ 28/ 38/ 19
median = 21/ 21/ 30/ 19

max = 107/ 107
min =10/ 10

NRESS B R REGR N SRR 54N 8=

Does complexity pay off?

(b) Stage 2

mean = 28/ 28/ 37/ 17
median = 19/ 19/ 30/ 14
max = 107/ 107

min =10/ 10

\__/

More info provided

No preference for simple or complex model
Essential: vegetation, anthropogenic heat included

WAGENINGEN
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Grimmond et al., 2011

__/

More info provided

; red: complex model

(c) Stage 3

mean = 28/ 28/ 40/ 17
median = 23/ 23/ 32/ 16
max = 102/ 102
min=9/9

PLI ST

L(d) Stage 4
mean = 30/ 30/ 37/ 18
median = 24/ 24/ 30/ 18
max = 102/ 102
min=11/ 11

RARESBERS

RRERENSNLRBRESSEAGRGR Y




How to forecast ? WRF at 100 m grid spacing

Land Use Categories

Land Use Categories Mean building height
s

Urban and Built-up 1

Cropland/Grassland

Grassland

Deciduous Broadlea

Evergreen Needlele;

Mixed Forast

Water Bodies

Barren or Sparsely \

5°E

WAGENINGEN

UNIVERSITY & RESEARCH

height [m]



Weather Research and Forecasting model at 100 m resolution for a complete summer

Temperature

52.4°N

2.35°N

latitude (“N)

longitude (“E) longitude (" E)

Temperature (oC) Temperature (C)

WAGENINGEN .
HNIVERSITY & RESEAREH However, model cold bias ~1.5 K



Data assimilation in crowdsourced data in WRF

Weather hobbyists stations

red - urban

wihite - rural

Weather Underground
About 300 stations in NL
Direct transfer to wunderground website

WAGENINGEN
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Data assimilation in

2m Temperature [ °C]

35 A

30

25 1

15 1

crowdsourced data in WRF

— Urban data assimilation
- No data assimilation
—— WMO data assimilation
= Radar data assimilation

¢ (Citizen weather station obs

No DA:

RMSE = 2.30°C
Bias =-1.46 °C
WMO

RMSE = 2.31°C
Bias =-1.52 °C
WMO+radar
RMSE = 2.07 °C
Bias =-1.36 °C
WMO+radar+urban:
RMSE= 1.69 °C
Bias=-0.71°C

16.0 16.5 17.0

WAGENINGEN

UNIVERSITY & RESEARCH

17.5

18.0 18.5 19.0 19.5 20.0

days of July 2014

Koopmans et al., 2021, to be submitted



Data assimilation in crowdsourced data in WRF
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ERA-urban: 15 y of modelled weather in Adam @167 m

Isopleths

BRI 7
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Modelling Hierarchies: Climate models

Conformal Cubic Atmospheric Model (CCAM) at 50 km resolution.
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Modelling Hierarchies: Climate models

Urban - no urban. Veg map 1. Urban - no urban, Veg map 2.
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Large regional impacts, but sensitive to forcing, and boundary conditions.
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Concluding remarks

" Urban meteorology is relatively new playing field, but relevant for
health, energy demand planning, urban planning, air quality, ...

" Crowdsourcing useful for temperature, wind speed, rainfall provided
good selection protocol.

" Different model approaches for different goals and scales.
" Description of urban morphology critical but uncertain.

" Future surfaces: solar panels, green roofs, green walls, cool roofs ..
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Thanks for your
attention

Any questions?
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Special flows

- Mountainous area o

Up-valley 3-5 story

Malls and Dense urban
commercial and high rise

Suburban  Countryside Sea breeze No UHI during day, because of
the strong up-valley breeze

City on

Land breeze asmallhill  city in thle plain

Night

o

Cold air drain

o

Slight winds toward the city s to bottom of the Note that cities in polar
center can sometimes exist valley, so neighborhoods located climate are very small
and slightly modulate the UHI there would be cooler than those compared to midlatitude and
located mid-way up the slope tropical climate cities

Urban heat island Strong UHI : : Rural temperature g
(UHI) effect (occurs only at night) - MeiamUH| I:I ShghtLRI or no UHI \ Wind patterns



