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IAMs and long-term scenarios to support the IPCC
Climate Change assessment
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is getting rapidly out of reach, rapid -
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Climate change is clearly visible
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And emissions are related to everything we do

Percentage is global emissions
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(@ Paris Agreement )

The universal agreement’s aim is 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
i S degrees Celsius above pre-industrial levels

. What is needed to meet this goal?

1) ] . Do we achieve it?

DRI
A e . What if we miss it?
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What will happen in the future?
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Human system RO Earth system

Energy/ Emissions Greenhouse gas
Land use concentrations

Population

Socio-economic
development

Technology

Political change

Policy

Demand for food,
energy and water

Environmental problems

Climate change
Scarcity
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Model-based scenarios

Energy/ Greenhouse gas

Impacts

Emissions Climate change

Land use concentrations

Human system

Population Technology
Agriculture

« Interaction of human system and
environmental system

- Integration across different issues
 Focused on decisions processes

use

(assessment)
o
g = 7| | |
o Earth system
- Ecosystem Climate Pollution
dynamics change

Earth system [Interaction |[Resource Drivers

Biogeochemical cycles

Income




Model-based scenarios
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Describe Available tools

evolution of
future systems

A Belieft culture A

QIAI>

Rulﬁs, laws, behaviéur

. Physical entities .
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Model-based scenarios

Scenarios:
- Combination of narratives
and modelling

- Modelling where there is enough
knowledge to define quantitative
relationships

- Narratives where there is need for
complexibity and flexibility

Describe
evolution of
future systems

A
A Beliefs, culture A

oy

Rulés, laws, behaviéur

. Physical entities .
@ }

Available tools

y > Sustain- -
Y. D 9 able
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! Storylines |
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_J i \\ P ‘\
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1
\ Models !
/
1 =
\ / F Unsustain- — =
N ’ able

Unlikely

Histor
\ /1 Alternative

@ b future

\ scenarios

Unlikely
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2010 2050
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Model-based scenarios
31 Maart1972

=TS : This wrong prediction
oo - ACTUAT AEVEIOPMEN influenced energy policy
in the Netherlands to try
| 10 S€lI OUt Natural gas in
meer | @VOId getting stuck with
ahecs ot in the ground.
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Model-based scenarios
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Historic development of IAM research in climate research and IPCC
: 1972 1985 19
P Ohcy Stockholm Villach UNF 200 20% 20%
ARS
150 15% 1.5%
100 P 1.0%
IAMs in First
science- Emergence of aplications
policy global modeling irr:olicy n o
interface
0 0% 0%
oy 25, %0, Y50, Y55, 1%, Y%, Y0y "0, 59, Yy, eq’o o, o, o, ?@v o5 0, %, gq".r g’*’9 Uy 2”’1 ?r),_, eﬂ’f e 5 00 15 )”-'@ g
Estimated IAM contribution to IPCC reports
FAR First Assessment Report
d l FOfEfatherS Of ’AMS System dynamiC/ F!r&t aCid rain and — Number of academic IAM publications on climate change :22 i;frg::ff‘::;?;i??*
OGS energy-economic / climate economic modeling climate IAMs , AR4 Fourth Assessment Report
------- Relative share of IAM publications in academic climate ARS Fifth Assessment Report
research

1970 1980 1990 2000 2010 2018
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Historic development of IAM research in climate research and IPCC

200

150

policy

100 TAR

FAR
IAMs |

scienc & =
polic
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ARS
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models

Estimated 1AM contribution to IPCC reports
— Number of academic IAM publications on climate change

------- Relative share of IAM publications in academic climate
research

FAR
SAR
TAR
AR4
AR5

First Assessment Report

200 2.0%

15% 1.5%
10% 1.0%
Prominent
co. 0.5% lools for
mitigation
0% 0%
il responsibility
tigation scenarios

2018

Second Assessment Report
Third Assessment Report

Fourth Assessment Report

Fifth Assessment Report
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Model-based scenarios

Meadows — 1972: If the present growth trends
continue unchanged, the limits to growth on
this planet will be reached sometime within the
next one hundred years.

Meadows — 2005: In 1972 the model showed a
time of crises 50-70 years into the future; now
the crises appear 10-30 years in the future.

There are no limits to the growth of
energy consumption, although present
systems are clearly finit. I do not fear a
lack of sources to complete this journey
unscathed
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Different tools to explore the future

Available theories on

causaility & agreement on

these theories

Low

High

<&

<

Speculation

>

Certain Uncertain, UnknownUnknowable

Known pdf pdf
Information on relevant

parameters

For instance,
World economy in
100 years

For instance,
climate system

For instance,
aquarium in
laboratorium




'ﬁ?{ Planbureau voor de Leefomgeving
25

What will happen in the future?

Uh... models

only explore
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What will happen in the future?

Human Economic
activities Adjustment/lifestyle
,@b Energy/land vitigation
70 oy

b . CCS
p— Emissions

b Greenhouse CDR
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K /L, concentrations
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b Climate |l
change
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What will happen in the future?
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What will happen in the future?

Socio-economic
conditions
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<[5 sy, l Climate |

system
: research
Climate system research |
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Forcing level (W/m?)
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Socio-economic conditions
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Climate

Socio-economic conditions
SSP1 SSP2 SSP3 SSP4 SSP5
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Challenge to adaptation
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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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Challengesto Mitigation

SSP5

Middle of the . Development
Road Fragmentation First

2100 Population . " . : -
2100 GDP [tr||||on .

Energy Service
Demands

End-Use
Technology

Renewable . .
Fossil Fuel . . .

Crop Yield
Improvement

SSP1
Sustainability

High Medium High

NEW SSP Pop & GDP

ow Low / High Medium

Medium

Technology

Low Low / Medium High

Delayed Delayed Delayed

Carbon Market

Coverage of
Carbon Tax

SPAs

Fragmented Fragmented Universal




Drivers

Resource
use
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SSP3
Population Economy Technology - " SSP2, SSP4
e SSP1, SSP5

wooe | o

i Population
2000 2050 2100

1920 «

Income SSP5

Interaction

N~

1960 2000 2050 2100

Earth system

lEarth system ‘
_ SSP1: Sustainable development
Foliution SSP2: Middle of the road
SSP3: Increasing competition

Ecosystem Climate
dynamics change
SSP4: Divided world

Biogeochemical cycles SSP5: Rapid growth
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IPCC-2023: IAMs show that current policies could slow down erriissiort
growth, but won’t lead to fundamental transition
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IPCC-2023: IAMs show that current policies could slow down emission
growth, but won’t lead to fundamental transition
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IPCC-2023: IAMs show that current policies could slow down emission
growth, but won’t lead to fundamental transition
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IPCC-2023: IAMs show that current policies could slow down emission
growth, but won’t lead to fundamental transition

4 deg C Increase of 2.2-3.5°C in 2100
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Our choices determine the climate future

1900 1940

¥C Temperature change above 1850-1900 levels
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Paris-agreement

climate change

80 5 Negative emissions:
- - - Reforestation
- - Bio-energy with CCS
o0 - gl - Direct air capture
- ” : - Nature-based solution (e.g. soil
% 1 carbon)
8"" I
8 4 Could help, but
Temporary overshoot
temperature target
0 L ; - Possible negative impacts on
land use
- Limit potential
-20

2000 2020 2040 2060 2080 2100
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a. Net global GHG emissions
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a. Net global GHG emissions
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a. Net global GHG emissions
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1.5 degrees target:
Emissions peak before 2025

43% reduction in 2030
Net zero around 2050
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2 degrees target:
2070 net zero... but only
if emissions are reduced
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a. Net global GHG emissions
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1.5 degrees target:
« Emissions peak before 2025

« 43% reduction in 2030
e Net zero around 2050

!

2 degrees target:
« 2070 net zero... but only
if emissions are reduced

in short-term

» Net-zero year slightly later
(consequence of less net
negative emission scenarios)

* Not all 1.5°C reach net-zero GHG
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1.5 degrees target:

« Emissions peak before 2025

* 43% reduction in 2030 1
« Net zero around 2050

2 degrees target:
« 2070 net zero... but only 1

if emissions are reduced
in short-term

» Net-zero year slightly later
(consequence of less net
negative emission scenarios)

* Not all 1.5°C reach net-zero GHG

Gap from NDCs:

<<2°C ~ 10-13 GtCO,

<1.5°C ~ 20-23 GtCO,

+Gap implemented policy to NDC:
~5 GtCO2
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Climate target

main driver
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UanfT otal renewables: early century determined by
climate target, later more model dependent.
Individual sources: highly model dependent,
except early-century wind.

Fossil use (without CCS)
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Climate neutral Efficiency Lifestyle CO, removal Non-CO,
energy supply change

Systeem integration

Renewable ener
9y + CCS, bio, nucleair

Energy system

Limit demand CDR (development) Non-CO,
Industry &&
Mobilit _
Y Electrifications ~ H2, CCS, bio for

specific applications

Buildings
Diet change
Reforestation
Food systems I I

Land use
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Uniqgue moment in time

_ Budget almost depleted
Technological breakthrough

| _
T S

Net zero targets (2050-
2060)

Ambition and
implementation gap

Financial sector changing /0\
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Tha you for your attention

http://www.pbl.nl/en/aboutpbl/employees/detlef
-van-vuuren

Detlef.vanvuuren@pbl.nl;

Twitter @DetlefvanVuuren




