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Cities at the forefront:
current modelling practices
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integrated assessment models
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Context: City-scale climate action y/ DIRM$ND

 Over half of the global population are living in
urban areas

* Increased prominence of cities in UNFCCC and the
forthcoming IPCC Special Report on Cities

SCIENCE-BASED CLIMATE TARGETS:

- >10,000 cities have pledged climate actions that
can potentially bridge the gap between national
policies and Paris Agreement targets (Hsu et al,,

NOVEMBER 2020

@)  Weop  @iEE
2020). | Her §
§ [ #Bhe
» Several methodologies to set targets and design
. . . . . A GUIDE TO THE
climate actions in cities, for instance: CARBON & CO-BENEFITS

DECISION SUPPORT TOOL

o C40's Deadline 2020

o Tyndall Centre R
&
o WWEF's One Planet City Challenge

o Science-based Climate Targets THE OPCCINA NUTSHELL

EMPOWERING CITIES ON THEIR CLIMATE JOURNEY

Q |consomams,  Tyndall'Centre
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Goal: Better modelling for urban dimate action y/ DIRM®N0

 Integrated assessment models (IAMs) have shaped EU28 £
global climate action and can also support urban- %8 :;L%
scale action (Hsu et al., 2019). g gg gg
* |IAMs and cities till now: ; g | 5 | 2° | g 2
o Downscaling global/national results (Van -
Vuuren et al,, 2010), e.g., for setting city targets 00
o Aggregation of city climate actions in IAMs 8 150
(Kuramochi et al., 2020) §2oo {
» |AMs are constantly improving (e.g., better - 250 - [
granularity, links with detailed models, inclusion of 200
climate impacts) 250

* Another potential use: What lessons can we draw
) ) GHG impacts of implemented city-level
from the evolution of IAMs to support city-scale pledges (Kuramochi et al, 2020)
climate action?
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Study design y/ DIRM¥ND

Research questions

* What is the role of models (for energy or climate action in a'a

general) in the way that cities set and update their targets?

* How can we support this process based on lessons from Hﬂ ”

using (and improving) IAMs?

Overall approach

USSI0% PLATFORM | CLIMATE NEUTH)

«  We first examine pertinent methods for setting city-level
targets and whether and how they include modelling.

Climate City Contract

« We then dive into the modelling process for Athens ST

Action Plan

Climate Action Plan to understand specific problems and e
how modelling developments could potentially help. ;
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Methodology (1/2) - City targets reported in CDP y/ DIRMYND

Methodology N CDP (carbon Disclosure Project)
 Collect emission targets self-reported to

CDP in 2024 (Q6.1: Does your jurisdiction

have an active greenhouse gas emissions

reduction target(s) in place?)

« Assess the methodology used to set the
target and whether it includes modelling
(Q6.1.1: Specify if target is considered a
science-based target (SBT) and the SBT
methodology it aligns to)
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Methodology (1/2) - City targets reported in CDP y/ DIRMYND

Methodology “ CDP (Carbon Disclosure Project)

 Collect emission targets self-reported to
CDP in 2024 (Q6.1: Does your jurisdiction
have an active greenhouse gas emissions Europe
reduction target(s) in place?)

Global regions of cities that report emissions targets through CDP

MNorth America

« Assess the methodology used to set the
target and whether it includes modelling
(Q6.1.1: Specify if target is considered a

Latin America and

science-based target (SBT) and the SBT the Caribbean

methodology it aligns to) Africa & Middle

East

Data sample Oceania
1390 targets reported by 573 cities in 2024 0 BT 00 @5 10 TS

« Most cities were from Europe and North

America Data from CDP (2024 Full Cities Public Data); Own analysis.
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https://data.cdp.net/Governance/2024-Full-Cities-Public-Data-Separated-by-Question/jqpb-9fqz/about_data

Methods used to set climate targets in cities y/ DIRMYND

Method not mentioned (no SET)

WWF's One Planet City
Challenge

C40 Cities Deadline 2020

Tyndall Centre

Method not mentioned (SET)

Other named method (incl.
modelling)

Other named method (nc model)

Align with global targets
(IPCC SR1.5)

Align with national/regional
fargets

Funded by

Data from CDP (2024; Full Cities Public Data)
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Methods used to set climate targets in cities y/ DIRMYND

Method not mentioned (no SET)

WWF's One Planet City
Challenge

C40 Cities Deadline 2020

Tyndall Centre

Method not mentioned (SET)

Other named method (incl.
modelling)

Other named method (nc model)

Align with global targets
(IPCC SR1.5)

Align with national/regional
fargets

Funded by

Alignment with global targets
(IPCC SR1.5), adjusted by HDI

, Baseline scenario target
(stylised, based on GHG/capita)

Allocated from national carbon
budget

. €9, ICLEI's ClimateResilientCITIES,
DK2020, NetZeroCities, SignSmart

. €g, GCoM Reporting Framework,
UNFCCC Cities Race to Zero

0 25 50 B 100 125 150 175

aties Data from CDP (2024; Full Cities Public Data)
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Methods used to set climate targets in cities y/ DIRMYND

Finding #1: Many cities
report that they do not use
an SBT method at all.

WWF's One Planet City
Challenge

C40 Cities Deadline 2020
Example of responses

“Not aligned with an SBT

Tyndall Centre
methodology”

“We are not committed to
setting a science-based in

Other named method (incl. - the next 2years”

Method not mentioned (SET)

modelling)
“Other: Intervention based

Other named method (no model) target”

Align with global targets
(IPCC SR1.5)

Align with national/regional
fargets

0 25 50 75 100 125 150 175
aties Data from CDP (2024; Full Cities Public Data)
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Methods used to set climate targets in cities y/ DIRMYND

Method not mentioned (no SET)

Finding #2: Even among
the methods that are
based on SBTi, only some
of them include modelling

WWF's One Planet City
Challenge

Example of responses

Tyndall Centre
"AIM/EXSS, IPCC Waste
M ”

Method not mentioned (SBT) odel
L T [ . "Used SBTi tool to calculate
: Other named method (incl. i target”

: modelling) :
e A R @ 170 ¢ T 11 ) EmergencyAct[on

Plan target is science-
based.”

Other named method (nc model)

Align with global targets

(IPCC SR1.5) “Small world consulting”

Align with national/regional
fargets

0 25 50 75 100 125 150 175
aties Data from CDP (2024; Full Cities Public Data)
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Models used for target setting in cities y/ DIRMYND

Mo model mentioned (SBT)
No model mentioned (no SBT)
2CAP

ICLEI HEAT+

MNetZeroPlanner

AlM

ClimateView / ClearPath

Unknown model

SBTi tool

GEBT

LEAP

Sign SMART

LGA

City Performance Tool
City Insight Model

0 50 100 150 200
cities Data from CDP (2024; Full Cities Public Data).
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Methods used to set climate targets in cities y/ DIRMYND

Method not mentioned (no SBT) Finding #3: Many

WWHF's One Planet City on aligning with global,

: Challenge : . :
A OO OO o OO o ] e S A, reg|ona| or national goa|s

C40 Cities Deadline 2020 (e.g., net zero by 2050) or
carbon budgets (e.g.,
Tyndall Centre)

Method not mentioned (SET) Example of responses

“We consider net-zero by
2050 ... based on CDP

Other named method (incl.
modelling)

: guidance.”

: Other named method (no model) :

I R R et Aligns with IPCCY

Align with global targets "Adopted National Target”
: (IPCC SR1.5) :
:::::::::::::F::::::E::::::::.::::::::::::_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::i ”Unl'ted States Contribution
Align with natmnalfreé;rlggiasl ' to the Paris Agreement”

Data from CDP (2024; Full Cities Public Data)
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Deep dive: Athens in the NetZeroCities y/ DIRMYND
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Climate City Contract
s 2030 Climate Neutrality
5 Commitments 2030 Climate Neutrality m:’ﬂf:'m’:‘;:::""
L N Action Plan

2030 Climate Neutrality Action Plan

of the City of Athens
oY or amese > I .

Objectives of the EU Cities Mission Athens developed a Climate City Contract (CCC)

vi.o

T Ty T mra———
s T e 1 e Lt

1. Deliver more than 100 climate-neutral with the following goals:

and smart cities by 2030 1. Reduction of GHG emissions by 80% by

2. Ensure that these cities act as 2030 (compared to a BAU scenario)

experimentation and innovation hubs to 2. Offsetting the remaining 20% of the emissions
enable all European cities to follow suit (e.g., with reforestation actions, nature-based
by 2050 solutions)
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Emission sources

y/ DIRM®ND

GHG emissions (BASIC level)

4000
3500
3000
2500
®
@)
© 2000
-
1500
1000
500
0 2014 2015 2017 2018 2019 2020 2021
Total (BASIC) 3628 3531 2807 3057 2805 2759 1969 1935
m Stationary (Electricity) 2542 2413 1685 1997 1705 1684 1088 960
m Transport (Liquid fuels) 441 446 454 448 451 437 292 421
m Wa ste/Wastewater 397 364 404 359 342 324 282 261
m Stationary (Heat) 194 255 225 212 266 277 284 271
m Transport (Electricity) 55 53 40 42 40 37 23 21

Source: Emission data from the Municipality of Athens’ report to CDP; own figure.
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Modelling methodology used for Athens” CCC

PASSENGER TRANSPORT
Overview of modelling methodology

The levers’ impact on kilometres travelled modelled in step A-B

Transportation need (passenger kilometres) for cars, public transport
& walking/cycling

Passenger kilometres

1.1 Reduced motorised passenger transportation need
Reducing passenger kilometres for cars and public transport

New passenger kilometres

1.2 Shift to public & non-motorised transport
Reducing share passenger cars, increasing public & active transport

1.4.2 Electrification of buses
Increasing % of total vehicle
kilometres for buses that are
electrified

1.4.1 Electrification of cars
Increasing % of total vehicle
kilometres for cars that are
electrified

Funded by

the European Union

them.

Difference is
passenger
and vehicle
kilometres
between
‘baseline’ and
‘decarbonisat
ion scenario’
for each lever

y/ DIRM®ND
- Main modelling steps - Levers

Business case calculated for each lever, in step C-E

Noise,
accidents,
physical
activity

Emissions
(CO; & air
pollutants)

Recurring
costs/savings
(e.g. fuel)

Up-front
investments
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Total
business
case and
CoO,
abatement
potential




Model output and resulting targets for 2030

y/ DIRM®ND

. GHG reduced .
Sector Systemic Levers (ktCO2e) Resulting targets for 2030
o .
Electricity Decarbonizing electricity generation 1,420 ?rsc:;\oligsh ?a:I|2:§;IﬁI(§<)y,c,‘]|I§$8nd
Building renovations (envelope) 23
. . Energy upgrades of buildings
Buildings New energy-efficient buildings 1| within the Municipality so that at
Efficient lighting & appliances 98 :)erakfitgig/o have an energy class B
Decarbonizing heating generation 107
Reduced motorized passenger
. 51
transportation need
Shift to public & non-motorized 90
T "t Increased car-pooling 31 | Reduce car and motorcycle
ranspo . traffic by 50% compared to 2019
Electrification of cars + motorcycles 45
Electrification of buses 5
Optimized logistics 9
Waste Increased waste recycling 33 Increase recycling and

composting to 85%

Funded by
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Further needs in the modelling process y/ DIRMYND

Gaps in the modelling process

» Lack of detailed interactions between
the city and the national and European
policies

* Lack of detailed co-benefits
quantification

» Simplified calculation of economic costs
per different type of stakeholders (what
about the equity of the plan?)

* No consideration of climate impacts
despite their prevalence in Athens

* No synergies modelled between
mitigation and adaptation actions

» No consideration of significant barriers
such as grid congestion
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Further needs in the modelling process

Lack of detailed interactions between
the city and the national and European
policies

Lack of detailed co-benefits
quantification

Simplified calculation of economic costs
per different type of stakeholders (what
about the equity of the plan?)

No consideration of climate impacts
despite their prevalence in Athens

No synergies modelled between
mitigation and adaptation actions

No consideration of significant barriers
such as grid congestion

Funded by the European Un
not necessarily re flectthose of the Europea U

n. Views and opini

Funded by

Potential opportunities for IAMs

Downscaling global & national
modelling results e.g., Kikstra et al.
(2024)

Quantify co-benefits e.g., using SDG
indicators (van Vuuren et al., 2022)

Calculate distributional impacts across a
wide range of demographics, household
types, e.g., Fragkos et al. (2021)

Assess interactions between mitigation
actions and impacts, e.g., Weyant (2017)

Assess emissions and adaptation
potential e.g., Estrada et al. (2019)

Use feasibility indicators (Jewell &
Cherp, 2023) and detailed models.

expressed are however those of the author(s) only and do
or the European Climate, Infrastructure and Environment

the European Union
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them.
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Conclusions / DIRM®N0

« Model use for city-level target setting appears to be rather limited

« Many cities align directly with global or national targets or base on carbon
budgets (potentially without considering local or national context)

» There are many opportunities for IAMs and other relevant models to
inform and improve target-setting and action design in cities
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Conclusions y/ DIRMYND

« Model use for city-level target setting appears to be rather limited

« Many cities align directly with global or national targets or base on carbon
budgets (potentially without considering local or national context)

» There are many opportunities for IAMs and other relevant models to
inform and improve target-setting and action design in cities

Limitations and next steps

« CDP data are self reported, find more ways to understand model use in cities
and its impacts

* More analysis is needed on how IAMs and other models can help

« Move beyond one-time consulting and create a consistent process for cities
to update their targets and plans based on science-based methods and tools
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Example of downscaling 1AM results y/ DIRMYND

regions_grouped = Europe regions_grouped = North America regions_grouped = Africa & Middle East

Method not mentioned (no SBT)

WWF's One Planet City Challenge

C40 Cities Deadline 2020

Tyndall Centre

Method not mentioned (SBT)

Other named method (incl. modelling)

Other named method (no model)

Align with global targets {IPCC SR1.5)

Align with national/regional targets

regions_grouped = Oceania

Method not mentioned (no SBT)

WWF's One Planet City Challenge

C40 Cities Deadline 2020

Tyndall Centre

Method not mentioned (SBT)

Other named method (incl. modelling)

Other named method (no model)

Align with global targets {IPCC SR1.5)

Align with national/regional targets

o
3
<]
8
8
3
o
a3
<]
8
8
3
o
S
8
S
3

cities cities cities
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Example of downscaling 1AM results y/ DIRMYND

regions_grouped = Europe regions_grouped = North America regions_grouped = Africa & Middle East
No model mentioned (557) I
No model mentioned (no SBT) I ]
on ]
ICLEI HEAT+
NetZeroPlanner .
AlM
ClimateView / ClearPath ] |
Unknown model l
SBTitool |
GEBT
LEAP
Sign SMART
LGA
i

City Performance Tool

City Insight Model

regions_grouped = Latin America and the Caribbean regions_grouped = Asia regions_grouped = Oceania

No model mentioned (SBT)
No model mentioned (no SBT)
2CAP

ICLEI HEAT+
NetZeroPlanner

AIM

ClimateView / ClearPath
Unknown model

SBTi tool

GEBT

LEAP

Sign SMART

LGA

City Performance Tool
City Insight Model

o
o
3
=
8
&
g
2
3
=3
o
5]
=
8
5
=
2
3
=

10 20 30 40 50 80 70 80
cities cities cities
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Emission sources and actions for addressing them y/ DIRMYND

: Targets for achieving

GHG emissions (BASIC level) : climate neutrality

4000 i » |ncrease electricity from renewable :

3500 : energy sources through

3000 : municipality & citizen-led initiatives :

g 2500 : ®* Increase building retrofits :

o : ] :

© 2000 : ®* Increase pedestrian movement, :

= : .

1500 bicycles and zero-emission public :

: transport :

1000 : :

500 : * Electrification of road vehicles :

: (especially cars and machines) .

0 : :

2014 2015 2016 2017 2018 2019 2020 2021 i« Almost zero solid waste in :

Total (BASIC) 3628 3531 2807 3057 2805 2759 1969 1935 . , :
= Stafionary (Electricity) 2542 2413 1685 1997 1705 1684 1088 960 : landfills, increase composting and :
= Transport (Liquid fuels) 441 446 454 448 451 437 292 421 : recycling :
= Waste/Wastewater 397 364 404 359 342 324 282 261 : ) :
= Stationary (Heat) 194 255 225 212 286 277 = 284 271 : * Use Nature-Based Solutionsto  :
m Transport (Electricity) 55 53 40 42 40 37 23 21 : reduce emissions, cool the city, :
shade buildings, and strengthen its :

Source: Emission data from the Municipality of Athens' report to CDP; own figure. : resilience

i x * Fu nded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do

* * . not necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment

ol N W the Euro pean U nion Executive Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for
them.



. . . e e _m
Interactions with national policies? y/ DIRM$ND

2014 2016 2018 2020 2022 2024 2026 2028 2030 : . .
: Kikstra et al. (2024) and evaluating

e Historical data (CIRIS Emissions Inventory 2014-2021) I . . .
Estimation based on the CCC (>80% GHG reduction in 2030 compared to reference scenario) Interactions Wlth Iocal pOhCy plans

Estimation based on the previous Action Plan (61% GHG reduction in 2030 compared to 2018)
* =+« Estimation based on the NECP (59% GHG reduction in2030 compared to 1990) ettt ee e e et eeeeeeneen

»eeeee Estimate based on the reference scenario (no climate policy after 2019)

Greenhouse gas emissions trajectory for the Municipality of Athens (BASIC level)
.
: Further needs: Lack of detailed :
%800 ! interactions between decarbonisation
3,000 i measures for the city and the national |
%500 2%+ and European policies. What would
§2,m0 peesenpggprasie . i happen if national policies are not
. t successful?
1,094 H :
1,000 :
477 .
%0 : Contributions of IAMs: Downscaling
0 : global and national climate action e.g., :

. * *, Fu nded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do

* * . not necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment

R N At the European U nion Executive Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for
them.



GHG emissions in the Municipality of Athens y/ DIRM$ND

GHG emissions (BASIC level)

4000 Evolution of emissions
3500 : ® Decline in all sectors before
3000 :  COVID and during the
i pandemic
2500 :
3 : Biggest reduction in the
O 2000 99 .
¥ buildings sector (55%
1500 between 2014 and 2021)
1000 :
BASIC reporting level: Scope
500 1 and 2 included for
0 buildings and transportation,
2014 2015 2016 2017 2018 2019 2020 2021
Total (BASIC) 3628 3531 2807 3057 2805 2759 1935 all scopes for waste. _
= Buildings/Streetlighting 2736 2668 1909 2209 1971 1961 1372 1231
= Transport/Mobility 496 499 494 490 492 475 315 443
m Waste/Wastewater 397 364 404 359 342 324 282 261
=Buildings/Streetlighting  75%  76%  68%  72%  70% 71%  70%  64%
= Transport/Mobility 14%  14% 18%  16%  18%  17%  16%  23%
u WasteMWastewater 1%  10% 14%  12%  12%  12%  14%  14%

Source: Emission data from the Municipality of Athens' report to CDP; own figure.

Fu nded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
not necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment

the EUI'O pean U 1] ion Executive Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for
them.
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