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Introduction — Integrated Assessment Modelling -
and the need to represent impacts and equity

Detlef van Vuuren @IMAGE_PBL
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A brief introduction

Detlef van Vuuren

Senior researcher PBL
Professor Universiteit Utrecht
Lead author IPCC reports

05:12 op zaterdag, 5 juli 2025 - Breda, Noord-Brabant

Climate classic

Although 2 weeks later than the real event. Event creates
attention for climate by cycling along the NAP line (txs
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Welcome in Utrecht — Place of
crossing boundaries

« Year 47-50: Roman Fortress
(Ul Trajectum)
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* Year 47-50: Roman Fortress
(Ul Trajectum)
« ~270 Romans leave
) + 1254 - Roman Catholic
| J 58 Cathedral
J ' + 1579 - Union of Utrecht -

Welcome in Utrecht — Place of
crossing boundaries
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justice as central aspect
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Climate change is visible

1.6
Pomtie \\ 14 Increase of global mean temperature
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Climate change is visible

Growth emissions world wide
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But where are we heading?

Increasing impacts

Growth emissions world wide

70

60

50

40

30

Stabilisation ' 2
to keep a global temperature rise
this century well below 2
degrees Celsius and to drive
efforts to limit the temperature
increase even further to 1.5

degrees Celsius above pre-
@ industrial levels

20

10

0
1990 1995 2000 2005 2010 2015 2020
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But where are we heading?

b. 2015

Stratospheric
ozone

Climate

Aerosols What will happen without new
policies?

Biosphere What is needed to meet these goals?

integrity

Ocean
acidification
Land system
change

Nitrogen
balance
Freshwater
use

What will happen in the future

0

ogeochemical flows

Phosphorous
balance




What will happen in the future

Population

Socio-economic
development

Technology
Political change

Policy

Diffel'ent Different scales

tin-,
e eriog

Interactions inty

uncer™

-2 Y

j \ IMAGE-
9 x5 model

PBL

Demand for food,
energy and water

& 5O
qa'-nable deve\opﬁ‘?
e

Environmental problems

Climate change

Scarcity

Model-based scenarios



What will happen in the future

Uh... models
only explore
The future X various
is uncertain ::L’:t:?a:ke possibilities

Model-based scenarios



What will happen in the future

Exploring the future can:

- Help to understand more/less =3 - P—
attractive routes F?“A e

- Help to motivate to do the right | j:
thing "-J?éﬁ’f/ »f

e Build consensus

Model-based scenarios

29 augustus 2025
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Model-based scenarios

Describe Available tools

evolution of
future systems

Scenarios: & L emmme
- Combination of narratives A Beiets,cuure A h s
and mode“ing & '\ > | Stonlines ‘: \ /1
R U Ty e
- Modelling where there is enough T 'a“'s.'b"“""“"r L8 \
knowledge to define quantitative o
relationships ® @ ' Mol | |
- Narratives where there is need for @ Phscalenies o v 2 R
complexibity and flexibility @ ) . 4 able i .



use

Human system

Population Technology

Agriculture

N

Env.

<~ | ||

Earth system Interaction Resource Drivers

Earth system

Ecosystem Climate Pollution
dynamics change
Biogeochemical cycles

Cost-benefit IAMs (DICE, FUND,
MIMOSA)
Process-based IAMs
« Strong biophysical focus (IMAGE,
GCAM)
» Strong economic focus (WITCH,
REMIND/MagPIE)
« Strong engineering focus (MESSAGE,
COFFEE)
CGEs with climate change estimates
(E3M)
System-dynamics models (IFs)
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Model-based scenarios for climate change

Human
activities

'

b Greenhouse

gas
K /L, concentrations

A
/lCOZA
b Climate
ﬂ@ change
] il




Human Economic i
activities Adjustment/lifestyle i
Enerugg/éland Mitigation E

b
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| research

Climate system research |  E|€%) iy o
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IAMs are ve Iy SU CceSSfU I e Anticipating futures through models:

the rise of Integrated Assessment

> IAM scenarios form backbone of Modelling in the climate science-
IPCC reports policy interface since 1970

N M a ny po | icy d OCU m e nts Clea rly I(.:i::iitteo\;c;rel izzl::nbe,g\ =, Maarten Hajer °, Peter Pelzer ® ¢, Detlef van Vuuren @9,
have IAM input
—_ EU |mpact assessment Historic development of IAM research in climate research and IPCC

— Paris Agreement =

> Large amount of scientific
literature (e.g. 1000s of papers
based on SSPs)
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.... But there is also critique

b Emission scenario critiques and responses grouped by publication year, Based on 280 peer-reviewed articles (1990-2022)
Peer reviewed papers assessing the SA90, 1IS92, SRES (post-SRES), SSP-RCPs, or SR1.5 emission scenario series

> Feasibility of specific options

BECCS Various assumptions -+ - @ @o@e@eea@ecc@eo-e{{{®-

(e . g . ) po— Energy ass s e® © o o oi-00-00 «[@e@O-
assumptions MER-PPP (_'(-:(3::'3 ®

> Outdated assumptions (PV) N oo fi§@o: rumvew
Emission Scenario ranges - @ CCCCQCC(:@‘:CCQCOC({(."}GGC .
scenario ranges Mission scenarios o ® e o 0:Q0 cc® €809 G(G{C{jc

> B | d Ck bOX Methods applied ®:
Methodological Development process . 10
issues Resolution

Transparency

. Not including impacts Wb | [

(e.g., policy
relevance) Role of scenarios . o “.l ®+ 900+ +00- 00

H (probability)
> Equity
1990 1995 2000 2005 2010 2015 2020

IPCC emission scenarios: How did
critiques affect their quality and
relevance 1990-20227?

Jiesper Tristan Strandsbjerg Pedersen © b 9 & Detlefvan Vuuren <9 & &,

- Joyeeta Gupta ® ", Filipe Duarte Santos °, Jae Edmonds f, Rob Swart @ 9
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Impacts of not included

> Process-based IAMs typically focused on mitigation
> In SSP/RCPs deliberately excluded - avoid double counting
> High uncertainty

But...

> If climate change relevant... why futures without climate impacts
(RCP8.5)?

> Climate impacts on mitigation (afforestation, BECCS)
> Focus on mitigation leads to only costs (no benefits)
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Climate change impacts on renewable energy supply

David E.H.). Gernaat”, Harmen Sytze de Boer, Vassilis Daioglou, Seleshi G. Yalew, Christoph Miiller, Detlef P. van Vuuren
Climate impacts on renewables

First-generation bioenergy
Photovoltaic b

19




Economic implications

Human
activity

N

—

Welfare

Environmental Monetary
consequence damage
Monetarisation
MIMOSA

20



Economic implications

Human Environmental

activity :: > consequence

N\

Welfare

A

MIMOSA

Van der Wijst et al, Nature Climate Change, 2023
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Economic implications

Human
activity

w

Environmental

> consequence

Damage quantile: 5 Damage quantile: 50 Damage quantile: 95

a. Global CO, emissions (CBA path)

50 50 50
=
O 40 40 40
et w !
Q 3 30
%]
[
2 2 20
E Temp. in 2100
a 10 using each 10
C')“ IAM's internal
9, —. climate model

2020 2040 2060 2080 2100

0

2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

Van der Wijst et al, Nature Climate Change, 2023

Model:
MIMOSA
WITCH
REMIND

Monetary
damage

& Damape o 2100 (RCP G0, wth SR atagtation)
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Closing the

loop

o

ﬁ-luman system
Labour p ivil
MIMOSA GOP
Drivers Population m
HDD/CDD
I RenPot
TIMER MAGNET
Resource - Yields
e
c
o
£
e Land use 0
]
£
CF
ﬂarth system
LPImL
LPImL cF  MAGICC
Global Land cover Bmsw:‘:sm'ﬂl == Climate
environmental i
change
GLOBIO
Biodiversity effect

/
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Cumulatieve COZ—emissies vanaf 1850 (Gt COE) reefs weather losses
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Equity crucial

« Differences in (historical)
contribution

« Differences in capability to
reduce emissions

« Differences in impacts

« Different consequences of
mitigation (within and across
regions)
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Equity crucial

« People do not accept solutions
that are not considered ‘just’




Emissie broeikasgassen
Totale emissie, 2021

gigaton CO,-equivalenten

i P

pbl.nl

China  Verenigde India
Staten

Emissie per hoofd, 2021

ton CO,-equivalenten
25

20
15

10

zjl-lllll

Brazilié Indonesié  Japan Saudi-Arabié

prnI

500
400

300

China  Verenigde India EU Brazilié Indonesié  Japan Saudi-Arabié
Staten
Cumulatieve emissie, 1850 — 2021
gigaton CO,-equivalenten
200
100 =
o [ (I 2
China  Verenigde India EU Brazilié Indonesié  Japan Saudi-Arabié

Staten

Bron: Global Carbon Budget
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INTERGOVERNMENTAL PANEL ON
climate change

Historic CO, OECD = 66.8%
2019 CO, OECD = 35.1%

Share equally,

| don’t think B D
aren’t as

so slim
anymore

either

5y f
mié
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Equity crucial

Different forms of justice

Procedural Distributive Corrective Recognitional Transformational

Responsibility
Equality
Capacity

--- Justice considerations in climate research
Cost-effective

Grandfatherl ng Kikstra, Michael Kuhn, Jihoon Min, Raya Muttarak, Shonali Pachauri, Omkar Patange, Keywan Riahi &

Caroline Zimm &, Kian Mintz-Woo B3, Elina Brutschin, Susanne Hanger-Kopp, Roman Hoffmann, Jarmo S.

Thomas Schinko

Nature Climate Change 14, 22-30 (2024) ‘ Cite this article
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goal formulation

just solutions space

what is desirable?

adding justice

constraints

hard
constraints

feasible'options

Justice can and should become a part of feasibility
assessments for climate mitigation policies

npj Climate Action 4, Article number: 48 (2025) ] Cite this article

”“j &3 Calum Brown, Elizabeth Diaz-General & Mark Rounsevell

1467 Accesses |24 Altmetric \ Metrics

29




b. 2015

Stratospheric
ozone

Aerosols

Biosphere
integrity
Ocean

acidification
Land system
change

Nitrogen
balance

Freshwater

use Biogeochemical flow.
Phosphorous

balance

[ Below boundary (safe) Comparison:

[ In zone of uncertainty (increasing risk) nunn 2015
[ Beyond zone of uncertainty (high risk)

Planbureau voor de Leefomgeving

a. SSP2 (2050)

Stratospheric
ozone

Climate change

Aerosols

Biosphere
integrity

Ocean
acidification

Land system
change

Nitrogen
balance

Freshwater

Phosphorous -
use "

Biogeochemical flow
balance

30
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b. 2015
a. SSP2 (2050 b. Sustainability (2050
Stratospheri
. ratospheric
Climate P Stratospheric Stratospheric
Climate change ozone Climate change ozone
Aerosols
Aerosols Aerosols
Biosphere

imegrity Biosphere Biosphere
integrity integrity

Ocean

e e Ocean
acidification

Ocean
acidification

acidification
Land system

Land system
change

Land system

change change
Nitrogen
Nitrogen Nitrogen
balance balance balance
Freshwater e -
- - reshwater reshwater
use Biogeochemical flow use Phosphorous " Biogeochemical flows use Phosphorous " Biogeochemical flows
Phosphorous balance balance
balance
[ Below boundary (safe) Comparison:
[ In zone of uncertainty (increasing risk) nnnn 2015

[ Beyond zone of uncertainty (high risk)



Decent living

Food

Shelter
Water
Transport
Infrastructure
Cloths/goods
Education
Health

Planbureau voor de Leefomgeving

b. Sustainability (2050)

Stratospheric

Climate change

Aerosols

Biosphere
integrity

Ocean
acidification

Land system
change

Nitrogen
balance

Freshwater

Phosphorous
ws use P

Biogeochemical flows
balance
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Shared Socio-economic Pathways: 5 possible stories
about the future

A SSP5: Fossil fuel-ed
development

SSP3 Regional rivalry
Competition among regions

.« Rapid growth, free trade * Low technology development
+ High technology « Environment and social goals

development, arkets Clash of not a priority

« Environment and social first civilisations * Focus on domestic resources
goals not a priority: + High population growth
adaptive, technology_ﬁx * Slow e-ConomiC grOWth dev.

« Focus on economic growth countries

SSP1:Green growth SS.PZ: SSP4 Inequality

= Global cooperation Middle of the Road Inequality across and

= Rapid technology dev. within regions

= Strong env. policy * Low technology

= Low population growth development

= Low inequity « Environment priority for
= Focus on renewables and those that can afford

= efficiency , + Limited trade

- Dietary shifts Have’s and

= Forest protection UN world have not’s

>
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LIS
——

Some lessons

> IAMs important tools

> Improvement possible, including representation of justice and
impacts

> This week — we will discuss this a lot of detail



