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WIE BEN IK?

UGent

C-cylcus van bossen

Tropisch bos en klimaat

Natural Capital Platform




CAVELAB

 Computational & Applied Vegetation Ecology

* Vegetatiemodellering, Opmeting precieze 3D structuur
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DE VLAAMSE CONTEXT

* Verstedelijking
* Versnippering

e Steden en
gemeenten in
een
verstedelijkt
Vlaanderen




DE GLOBALE CONTEXT

Key Findings from the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (ARS) |

Cities account for Urban infrastructure Over 64% of the world population
37-49% of global accounts for over 70% to live in cities by 2050, significantly
GHG emissions of global energy use increasing energy use for infrastructure




PLANETAIRE
GRENZEN

Klimaatverandering altijd
zien in de context van de
9 planetaire grenzen.

Meer weten?

TED-talk J. Rockstrom

https://www.youtube.com/watch?v=RgqtrlixYR4

Planet un
A safe operating space for humanity

Climate
change

Beyond zone of uncertainty (high risk)
M In zone of uncertainty (increasing risk)
Below boundary (safe)
B Boundary not yet quantified

rrrrr

De mensheid!



https://www.youtube.com/watch?v=RgqtrlixYR4

DE ENERGIEBALANS VAN DE AARDE IS
GEMIDDELD IN EVENWICHT

Box 1| Updated energy balance

Incoming TOA imbalance 0.6+0.4

Outgoing

solar 340.20.1 Reflected solar 100.0£2 Clear-sky 239.7+3.3 longwave
emission radiation

cloud effect f atmospheric
window
47543 20+4
Longwave All-sky longwave
Sensible Latent cloud effect absorption

Atmospheric

absorption =~ 75£10 -187.9+£12.5

héating heating

Clear-sky emission
to surface

Clear-sky 27.2x4.6

refection g face shortwave 165+6

absorption All-sky emission

to surface

Figure B1 | The global annual mean energy budget of Earth for the approximate period 2000-2010. All fluxes are in Wm2. Solar fluxes are in yellow
and infrared fluxes in pink. The four flux quantities in purple-shaded boxes represent the principal components of the atmospheric energy balance.



DANKZIJ BROEIKASGASSEN STELT DIT
EVENWICHT ZICH IN OP +/- 15°C

Outgoing IR energy

. Outgoing IR energy

Incoming

Incoming IR
solar energy

solar energy absorbed

.......

B el - — ..;___‘7_. . . 2L =
(a) Wlthout greenhouse gases (b) With greenhouse gases

® FIGURE 2.13
Aarde zonder broeikasgassen: Aarde met broeikasgassen:

-18° C gemiddeld!!! 15° C gemiddeld!!!



KLIMAATVERANDERING = VERSTORING
VAN DE ENERGIEBALANS

3 factoren
1. Verandering in zonnestraling
2. Atmosferische samenstelling
3. Reflectiviteit aardoppervlak

* Natuurlijke en antropogene
klimaatverandering

The Three Factors

SOLAR ENERGY
INFLUX

CHEMISTRY OF
THE ATMOSPHERE

3 |
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OOK HET STADSKLIMAAT IS HET RESULTAAT VAN EEN
ENERGIE BALANS (DIE KAN WORDEN VERSTOORD...)

Wong et al. (2021)



PROBLEEM: VERHOOGD BROEIKASEFFECT

Luchtsamenstelling

1850:
2018:

/

_Argon gases

0.90%

Other gases
0.17%

" Carbon dioxide

0.03%

Non-infrared-active gasses, 99% of the air

NN ©©

Mitrogen, M2 Dxygen, O=

Infrared-active gases, together <1% of total air

Greenhouse Gases

ec-o

Carbon Dioxide, €03
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0,040%

Methane, CH4

0,00008%
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0,000027%
0,000032%

Lage concentratie, MAAR groot effect op stralingsbalans!!
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Annual global CO, emissions

1880 1900 1920 1940

Others

Las

Oil

Coal

1960 1980 2000 2019

Global greenhouse gas emissions by sector &

This is shown for the year 2016 — global greenhouse gas emissions were 49.4 billion tonnes CO,eq.
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ur World
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OurWorldinData.org - Research and data to make progress against the world's largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020).
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GLOBAL| CARBON CO, emissies wereldwijd sinds 1990

PROJECT

Global Fossil CO, Emissions

40 Gt 4 2010-19
CO, +1.0%/yr Projection 2022
37.5 Gt CO,
A 1.0% (0.1%—1.9%)
35 A
2000-09 k
+2.9%l/yr COVID-19
| andemic
30 *. Global o
1990—99 financial
+1.0%/yr orisis
25 - o
k, Dissolution of
201 Soviet Union
WV 3.1%
1990 1995 2000 2005 2010 2015 2022
projected

When including cement carbonation, the 2021 and 2022 estimates amount to 36.3 + 2 GtCO, and 36.6 *+ 2 GtCO, respectively
The 2022 projection is based on preliminary data and modelling.
Source: Friedlingstein et al 2022; Global Carbon Project 2022



https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL| CARBON Emissies 1960-2022: totaal + grootste uitstoters
16 Gt _Annual Fossil CO, Emissions and 2022 Projections Projected Gt CO, in 2022
COQ Projected global emissions growth: +1.0% (+0.1% to +1.9%) : All others 15.4
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The 2022 projections are based on preliminary data and modelling.
Source: Friedlingstein et al 2022; Global Carbon Project 2022



https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/
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GLOBAL| CARBON Stromen van CO, productie naar consumptie (2011) — Fossil CO,

PROJECT

Flows from location of generation of emissions to location of
consumption of goods and services

. mm

- ~ Net transfers (MtCO. '
importers L exporters flows shown

-1000 -500 0 500 1000 in MtCO.

Values for 2011. EU is treated as one region. Units: MtCO,
Source: Peters et al 2012



http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html
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OBSERVATIES: GLOBALE TEMPERATUUR

a) Change in global surface temperature (decadal average)
as reconstructed (1-2000) and observed (1850-2020)
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OBSERVATIES: TEMPERATUUR IN BELGIE

Jaarlijkse gemiddelde temperatuur te Brussel — Ukkel van 1833 tot 2019

4

Afwijking van het jaarliks gemiddelde vergeleken met de periode 1850—1900

~
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Afwijking met de periode 1850-1900 (°C)

1840 1860 1880 1900 1920 1940 1960 1980 2000

Trendlijn (trend sinds 1981: 0.38°C/decennium) Gemiddelde waarde 1850-1900: 8.8°C

Belgium: +2°C, global +1°C



OBSERVATIES: NEERSLAG IN BELGIE

Trend van seizoenale neerslag van 1951 tot 2019, winter
Tienjaarijkse verandering ten opzichie van de seizoenale normaabwaarde 18811880

.A Jaarlijkse neerslaghoeveelheid te Brussel - Ukkel van 1833 tot 2021
I

Afwijking van de jaarlijkse neerslaghoeveelheden vergeleken met de referentie periode 1961-1990
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VOORSPELLINGEN

Future emissions cause future additional warming, with total warming
dominated by past and future CO, emissions

(a) Future annual emissions of CO, (left) and of a subset of key non-CO, drivers (right), across five illustrative scenarios

Carbon dioxide (GtCOz/yr) .
A * Elke ton extra (meer of minder) CO, telt!!
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1°C OPWARMING IS DAT EEN PROBLEEM?

Vooral de toename van extremen heeft een impact!

Marshall

i @ Kirivati
@ Tuvalu

N v o @ Fui
@ Tonga
VERWOESTUNING  VOEDING CYCLONEN OVERSTROMINGEN
Risico op droogte Daling van de = Toename van het Significante stijging van Waterschaarste.
landbouwproductie aantal cyclonen tegen  de zeespiegel tegen Vermindering met 20% tegen
y 2100 (minstens 1 2100 2100 (toy, 1980-1999)

per jaar)




BUT CITIES ARE AS
VULNERABLE AS
THEY ARE
POWERFUL.

70% of cities are already dealing with the
effects of climate change, and nearly all

are at risk. Over 90% of all urban areas
are coastal, putting most cities on Earth
at risk of flooding from rising sea levels
and powerful storms.

EES 58 BEE 182
ligi-Ritgttd




IMPACTS

Sea-Level Rise o Food Insecurity m Freshwater Availability o Extreme Weather Events o Increased Temperatures @




STEDELIJK HITTE-EILAND

\ Late afternoon temperature °C
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VERDICHTING VERANDERT DE
WATERBALANS
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VERDICHTING VERHOOGT DE GEVOELIGHEID
VOOR EXTREMEN
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ECOSYSTEMEN OP HET LAND NEMEN
MASSAAL CO, OP

http://www.nasa.gov/press/goddard/2014/november/nasa-computer-
model-provides-a-new-portrait-of-carbon-dioxide/#.VrIZ4EYnJpZ



THE KEELING CURVE

Charles Keeling, sinds 1958, Mauna Loa, 3396 m

January

Atmospheric CO, concentration

420 M 1 Data: Scripps/NOAA-ESRL
400 -
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360 -
340 -
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320 corrected trend
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GLOBAL CARBON Globale koolstof (C) budget

PROJECT

Balance of sources and sinks

40 Gt -
CO,
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20 - 5
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10 -

Ocean sink
-10 1

20 . Land sink
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Atmosphere

1860 1880 1900 1920 1940 1960 1980 2000 2021

Source: Friedlingstein et al 2022: Global Carbon Project 2022



https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/

CO, emissions (TgC y)
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IMPACT VAN KLIMAATVERANDERING
ZAL HET LAND JAARLIJKS 30% VAN ONZE UITSTOOT BLIJVEN OPNEMEN?

Meer natuurbranden
Ontdooien van de permafrost

FAQS5.2: Can thawing permafrost substantially increase global temperatures?

The thawing of frozen ground in the Arcrtic will release carbon that will amplify global warming but this will not lead
to runaway warming.

Carbon stored in the Arctic permafrost Permafrost vulnerable to abrupt thaw

P
£7 3 Droogtes en hittegolven
Kg of organic carbon per m? 0 1000 2000 km

0 200 400 600 800+



http://www.winsall.net/Science/stromlo/Fires/Kangaroo_escapes_Duffy.jpg
http://earthobservatory.nasa.gov/Newsroom/NewImages/Images/modis_lst_europe_2001-2003_lrg.jpg

IMPACT VAN KLIMAATVERANDERING

HOE GEVOELIG ZIIJN STEDELIJKE ECOSYSTEMEN EN
STADSBOMEN VOOR DE KLIMAATVERANDERING?

nature
climate change

ARTICLES

https://doi.org/10.1038/541558-022-01465-8

‘.) Check for updates
d

e Hitte eiland o i obal vick
imate change increases global risk to
* Water balans urban forestsg °

¢ M e e r EXt re m e n Manuel Esperon-Rodriguez ®'%, Mark G. Tjoelker®1, Jonathan Lenoir©2, John B. Baumgartner®3,

Linda J. Beaumont?, David A. Nipperess®4, Sally A. Power®?, Benoit Richard®, Paul D. Rymer®'
® and Rachael V. Gallagher®

Climate change threatens the health and survival of urban trees and the various benefits they deliver to urban inhabitants. Here,
we show that 56% and 65% of species in 164 cities across 78 countries are currently exceeding temperature and precipitation
conditions experienced in their geographic range, respectively. We assessed 3,129 tree and shrub species, using three metrics
related to climate vulnerability: exposure, safety margin and risk. By 2050 under Representative Concentration Pathway 6.0,
2,387 (76%) and 2,220 (70%) species will be at risk from projected changes in mean annual temperature and annual precipita-
tion, respectively. Risk is predicted to be greatest in cities at low latitudes—such as New Delhi and Singapore—where all urban
tree species are vulnerable to climate change. These findings aid the evaluation of the impacts of climate change to secure
long-term benefits provided by urban forests.
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NATURE-BASED SOLUTIONS

“mitigation aims to avoid the unmanageable and

adaptation aims to manage the unavoidable”
(Laukkonen et al. 2009)

Mitigatie = onze inspanningen om de antropogene klimaatverandering
te beperken.

Adaptatie = aanpassing in natuurlijke of menselijke systemen als
reactie op actuele of verwachte klimaatverandering ...



NATURE-BASED MITIGATIE:

COMBINATIE VAN BESCHERMING, BEHEER EN
HERSTFE] THREESTEPSTO NATURAL COOLING

Protect intact ecosystems, manage working lands and restore
native cover to avoid emissions and enhance carbon sinks.

Nature-based solutions could save 10 gigatonnes

of carbon dioxide equivalent per year

/ N
Avoided emissions 5 Gt CO, yr™' Enhanced sinks 5 Gt CO, yr™'
/ 4 N

Intact lands Working lands Native cover
4GtCO,yr"’ 4GtCO,yr" 2GtCO,yr

PROTECT MANAGE RESTORE
Forests, grasslands Land for crops, Forests, wetlands
and more grazing and timber and more

onature Underlying data are in Supplementary information, Table S1.



EU emissions trajectory in a
1.5 °C scenario
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Source: European Commission 2050 strategic vision ©DW

BOMEN PLANTEN:
EEN INVESTERING OP
LANGE TERMIJN

* De bossen die we vandaag planten
zullen onze emmissie van de komende
20 jaar niet compenseren

* Het planten van bossen brengt de
eindmeet dichterbij (net zero

* Bossen blijven actief na ‘net zero’,
belang voor verdere afkoeling na 2050

* We moeten dus bossen planten
volgens dit lange termijn perspectief



STADSBOMEN MAKEN GEEN C-SINK VAN
DE STAD
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STADSBOMEN MAKEN GEEN C-SINK VAN

DE STAD Urban CO, flux measurements by eddy covariance

US-Baltimore (39.4128,-76.5215)
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Terrestrial laser scanning
can produce high resolution
point clouds of forests.




Bomen tellen in Gent

(28-06-2021) In Gent groeien 262.863 bomen die hoger zijn dan 4 meter. Deze gegevens
zijn belangrijk in de strijd tegen de klimaatverandering.

Bio-ingenieurstudent Jasper Meert (UGent) telde de bomen voor zijn thesis, aan de hand van
satellietbeelden en data van 3D-laserscanning.

Een jaar geleden zou Jasper voor zijn thesis naar Ecuador trekken, om er onderzoek te doen
naar herbebossing. Corona besliste er anders over. Als alternatief ging hij in Gent aan de slag:
hij ontwikkelde een methode die op basis van verschillende gegevens bomen automatisch
kan tellen én hun volume kan schatten. Via deze methode kon hij voor het eerst alle Gentse
bomen tellen: zowel straatbomen, parkbomen als alle bomen op privéterrein.

“Deze resultaten zijn belangrijk voor onze strijd tegen de klimaatverandering”, legt de
bio-ingenieur in spe uit. “Bomen bieden verkoeling en helpen de opwarming af te remmen, omdat ze C0O, opnemen.”



Bomen tellen in Gent

* Airborne laser scanning
data + Worldview

* NDVI + Canopy Height
Model

* Local Maxima Filtering +
Region Growing




Biomassa in Gent

* Terrestrial laser scanning (zonder blad) -> b
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CASE: Paul De Smet de Naeyerpark in Gent

Scan locations (46) | )
0 25 50 m
— About 25 m between scans > .

— In hindsight low number
— 4 hours

Processing
Registration: automatic
Segmentation trees: 5 days

TLS scan locations

OpenStreetMap
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amount of trees

N
o
1

10 -

I other
3 beech
I conifer
I chestnut

0 5 10 15 20 25 30 35
Volume (m3)

Beech: 152.29 m?3
Conifer: 33.55 m?
Other:131.2 m3
Chestnut: 126.72 m?

V QSM 443.76 m® (245.87 ton)
48



We zitten helaas NIET op schema voor net zero

Greenhouse emissions remain far off track for global climate goals

Gigatonnes CO2 equivalent (GtCO2e)

mm 2010 Policy
wm 1.8C scenario

80

&0

40

20

2010

2015

== Current Policy Unconditional NDCs == Conditional NDCs = 2C scenario
mm 1.5C scenario

| Today Paris Commitment Period

Current policies and NDCs

— get the world nearly halfway from
the baseline to the 2C trajectory

But a gap of 12 to 14
GtCO2e remains.

And the gap is more than twice
as large to reach the 1.5C trajectory.

2020 2025 50 httpst//wwwiCarbonbtief.org/linep-meeting-global-climate-

goals-now-requires-rapid-transformation-of-societies/



Expected increase relative to
pre-industrial temperatures (°C)

Estimates based on current
policies and future commitments
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2000
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2040

2060

2080

2100

Meinshausen et al. (2022)
Hausfather & Moore (2022)

2100 pledges

NDCs  This study
estimate

Current
policies

pledges



DUS ADAPTATIE IS NODIG, INZETTEN VAN
STADS BOMEN VOOR KLIMAATROBUSTE

STEDEN




EEN WAAIER AAN ECOSYSTEEM DIENSTEN

Carbon Tunnel Vision

Eutrophication
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Increased urban forest canopy can:
*reduce the urban heatisland

*reduce urban particulate pollution
«reduce runoff and increase infiltration
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INZETTEN VAN BOMEN VOOR EEN
LEEFBAAR KLIMAAT

* Stedelijke groene infrastructuur als verkoelend element

* Heat-map Gent Citadelpark

Figuur 167 : De verschillende SUHI kaarten doorheen het jaar (v.l.n.r. eind mei, midden juli en eind
september) waarop te zien is dat het Citadelpark koeler is.

Mahieu et al. (2013)



VERKOELING DOOR
BESCHADUWING

© The guardian, Januari 2017




IMPACT OP
ENERGIEBALANS

- Albedo
(reflectiviteit)

- Verdamping
Beschaduwing

Andrew Coutts (2015)



IMPACT OP BUITEN EN BINNENKLIMAAT

Wong et al. (2021)
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~ Kwantificatie van ecosysteemdiensten?

i-Tree Eco Model Schematic
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Evaluating different laser scanning
approaches for urban tree inventories

Terrestrial Laser Scanning Mobile Laser Scanning Airborne Laser Scanning



https://docs.google.com/document/d/1QD-ZAERv-1R_Ky1dZzbTNzrzqbsv8wZqORmzFpjt0NU/edit?pli=1#D2L_fig_label_On%20the%20left,%20The%20riegl%20VZ-400i,%20middle%20Greenvalley%20backpack%20dgc50%20and%20right%20Leica%20citymapper
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CONCLUSIE

Stadsbomen voor klimaatrobuste steden
* Mitigatie en adaptatie
* Tal van co-benefits (andere ecosysteemdiensten)
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Onderzoek nodig over

* Impact boomstructuur
e Soortenkeuze

* Inplanting

Urgentie
* Nu bomen aanplanten voor later
* Nu steden herinrichten

- Transdisciplinair onderzoek samen met de praktijk



Extra slides



Structural features
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DBH difference (m)

Height difference (m)
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Terrestrial laser scanning

* DBH, height, crown dimensions

* Slow acquisition




Mobile laser scanning

* DBH, height, crown dimensions of large trees can be underestimated

* Faster acquisition

N 2028y nme



Airborne laser scanning
* Height and crown dimensions but no DBH

 City wide




