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|ICOS Cities - to develop a systematic

=« greenhouse gas monitoring system for
tenew  European cities
EU funded H2020 project PAUL - Pilot

2,500

Applications in Urban Landscapes

1,500
1,000

w
[=
(=}

Supports the European Green Deal and Climate
Action

o validate implementation of Paris Agreement  oesommw
o raise awareness

o develop tools and services for cities .

o showecase services -

Oke et al. 2017. Urban Climates.

Cambridge University Press.
9.11.2022
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‘i* Concept of ICOS Cities project

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

To implement and showcase
pilot city observatory in 3 cities

Supported by ICOS Cities
network

Develop research ].g{_'.
infrastructure concept that C et
can provide needs-based ¢ . .

services for cities

9.11.2022
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In pilot cities multiple innovative

e OSErvational approaches tested

HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI Parts Munich Zurich
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. Modelling integral part of the observatory

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

Example from Zurich with GRAMM/GRAL model
system

Interpretation of atmospheric concentration
measurements

Linking observations to emissions

COz[ppm]
=) F= = P
o N e [=2]
o o o o

First comparison
with observations s
at Zurich Kaserne

~— Background
= Measurement

2019-08-01 2019-08-02 2019-08-03 2019-08-04 2019-08-05 2019-08-06 2019-08-07 2019-08-08
date

Cities 9.11.2022

ICOS

Annual mean near surface CO,
from anthropogenic sources

Total: CO, concentration in [ppm]
v 3 'u{""». o I

254000

10.0

1.0

242000 [ G S

—0.1

Vv Ery e ) -
678000 680000 00 6860 688000
East [m]

Courtesy of Dominik Brunner/Empa team



k-3

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

Example from Paris using WRF-Chem
model with 1 km x 1 km resolution

Inversion modelling approach using
high-accuracy sensor network and
sectoral emissions from Origins.Earth
iInventory

\

UNIVERSITE 9.11.2022
LSCE DE REIMS

CHAMPAGNE-ARDENNE

ICOS |Gies B
Cities

. Modelling example from Paris

(a) Total
45
49.1°N 1 40
350
S
30
3
"
48.7°N - 252
-
20"5\
(@)
150
=
103
48.3°N >
5
ODIAC 0
1.6°E 2°E 2.4°E 2.8°E 3.2°E
(b) Residential & commercial (c) Traffic

49°N

48.9°N

48.8°N{ "

48.7°N

Courtesy of Thomas Lauvaux/LSCE team
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HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

Emission inventory with 100
m x 100 m resolution

Observations used to improve
them further

Scalability to other cities as
similar emission datasets not
necessarily available for all
cities in Europe and beyond?

[ X X ]
Cities

ICOS

Paris

Metro 12.6 Mio Inh.
Urban  10.7 Mio Inh.

9.11.2022

Munich

5.9 Mio Inh.
2.6 Mio Inh.

Zurich

1.6 Mio Inh.
0.4 Mio Inh.

Detailed emission inventories from different
wsamn  SECLOrs in pilot cities needed

Land cover
B urban fabric
B industrial / commercial
. 3
Croplands
Pastures
| BroadHeafed / mixed fores
B coniferous forest
Water bodies

ffCO2 Emissions
kg yr'km2
1e+08

fe+02

ffCO2 Point sources
kg yr

¢ 1006

¢ 1a+07

® 1e+08

® 10009

Courtesy of TNO team



New emerging datasets to provide

information on urban activities

HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

<0.001 0.001-0.01 0.01-0.02 0.02-0.04 0.04-0.07 0.07-0.10 0.10-0.15 015-020 0.20-0.28 0.28-0.72

Mobile phone CO, emissions from human

data from metabolism in Helsinki in 2019
Helsinki to 9 C - year
provide i

10 -

information on
urban function

7.5¢

Bergroth et al. 2022. A 24-hour
population distribution
dataset based on mobile
phone data from Helsinki
metropolitan area. Scientific

data 9, 39
ICOS cites

25¢

0 2.5 5 7.5 10 12.5
km

9.11.2022 Courtesy of Minttu Havu




Local climate zones provide detailed

s INfOrmation on urban surface globally

HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

100 mx 100 m
resolution

Designed for
Earth System
Models (ESMs)

Potential for CO,
observatory?

[ X X ]
Cities

ICOS

LCZ1
Compact
highrise

LCZ 2
Compact
midrise

LCZ3
Compact
lowrise

LCZ 4
Open
highrise

LCZ5
Open
midrise

LCZ 6
Open
lowrise

LCZ7
Lightweight
lowrise

LCZ8
Large
lowrise

LCZ9
Sparsely
built

BD
LCZA -
Dense trees - gl
604
LcZB #H »
Scattered '" & r 3
trees “ * 9 &l
LCZC .
Bush, scrub o) :. :" ."" 4
2% % % 20
LcZ D -
Low plants w: 4
b o
LCZE i
Bare rock /ff’j’_/’.'é’
? "
or paved I///A %{{’/ =7 o
LCZF
Bare soil
or sand -0 1
LCZ G
‘Water 0

Variable land cover properties:

b bare trees (i.e.,, deciduous, leafless)
increased sky view factor, reduced albedo

5 snow cover
low admittance, high albedo

d dry ground (e.g., parched soil)
low thermal admittance, small latent
heat flux, increased albedo

w wet ground (e.g., waterlogged soil)
higﬂ thermal admittince,?irge latent
heat flux, reduced albedo

9.11.2022

=150 =i =0 o HE pL= K50

B | - Compact highrise EEEE 5 - Oper madrise
N - Compact midhrise  BEE 6 - Open lowrise
W 3 - Compact lovrise — T - Lightweight lovwribe
B 4 - Open highnise =0 8 - Large lowrise

1 9 - Sparsely built B [ - Scattered trees
BN 10 - Heawy Industry  (EEE C - Bush, scrub
B A - Dére ees 0 D - Laww plants

B E - Bare rock of paved
1 F - Bare sodl or sand
G- Water

Demuzere et al 2022. A global map of local climate zones to support earth

system modelling and urban-scale environmental science. Earth Syst Sci Data

14, 3835




‘i* Key points

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

|ICOS Cities project designs GHG observatory for European cities to

validate implementation of climate actions, and showcase tools and
services

Aims to develop research infrastructure concept to answer needs of cities
Three pilot cities with support from ICOS Cities network
Novel observations are combined with modelling approaches

For scalability to other European cities and beyond, alternative and
innovative data sources needed

ICOS

Cities ':* 9.11.2022
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