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Before diving in ... let’s make this clear
My views

WHAT BCIEMTISTS sad POLITICIANS WON'T TELL
TTTTTTTT GLOBAL WARMIMNG

Climate change is
* Real

* Serious

The Climate Fix : : :
* And deserving of serious attention to

| both mitigation and adaptation policies
L g

ROGER PIELKE, JR.

@l University of Colorado Boulder



This talk: the systemic misuse of scenarios
in climate research and policy

2020 2018

Scientific integrity

This is a story of scientific
integrity, first and foremost

A big deal

The consequences reach
research, assessment and

policy
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Possible, plausible, probable, preferable
The futures cone

| * Time ) .
. Possibl
" N ossible
- L]
| .-""‘-"# ..I
: . _._,.-"'! \
! Potential .- - '= Plausible
- L %
l --.‘._--""*..“"_I '._.,.--"Jr." i‘ ?:.
l 'ﬁ#"' - gt III ll
| - - \ L
| _#"'.. =T —_— : '
: “_f":_.l.-r'".'r rrrrrrrrrrrr : M .
e 1
:f;a-::.;—::—-_—-_:':..e..r._-___—__—__—__—__T-:r__ '''''''''''''' I_ '-‘g_'_':' IIIIIIIIIII BUSIHBSS AS Usual
R p o oo T T i o dd
—_ i, T T e e e — T
| eI o o
[ el !
i e ;o Probable
L L ' i
l h.""h__ -“""'--._ T :
I !-_-‘“ "‘-1.““ rl
I - - ¢
: b"'--._‘ !
- r
| Preferable

Potential

Source: https:/lwww.semanticscholar.org/paper/Title-%3A-A-generic-foresight-process-framework-Year-Voros/ffd5a52cc3dd7e5ed56 6f5ff1 996 58f3eebca99b

@ University of Colorado Boulder




Cumulative CO2, 2020-2100 (Gt)

RCP — 2011 CMIP7 — 2026

The three scenarios

. . . Cumulative CO-
now judged to be Scenario Family 2020-2100 (Gt)
“implausible.”

RCP 6,200

 SSP5-8.5
* RCP8.5
 SSP3-7.0

4,906

MEDIUM CMIP7 3,357

These scenarios have RCP 3,200

dominated climate
research, policy, and
media representation
of projective climate
science for |5 years

RCP4.5 RCP 2,200

RCP2.6 RCP 840

VERY LOW | CMIP7/
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25+ years of debate about climate scenarios
Six episodes, 2000-2026

Episode Core claim

Claimants

Defenders

Resolution

|. Probabilities Scenarios need likelihood
2000-02 judgments

2. Exchange rates MER conversion inflated
2002-06 developing-country growth
3. Baselines Baselines assume most of the
2006-15 mitigation task
4.Architecture Forcing-first design with no
2006-17 plausibility test

5.RCP8.5 RCP8.5 implausible at
2017-22 construction

6. Retirement

2021-26 Retire the very high pathways

Schneider; Pittock, Jones & Mitchell;
Reilly et al. (MIT)

Castles & Henderson; McKibbin,
Pearce & Stegman; Ryten

Pielke,Wigley & Green; Stevenson &
Pielke

None; a design choice

Ritchie & Dowlatabadi; Hausfather &
Peters; Burgess, Ritchie & Pielke

AR6 WG ; ScenarioMIP team

Source: Pielke, “Twenty-Five Years of Argument About Scenarios,” THB (draft, 2026)

Grubler, Naki¢enovi¢, SRES
authors

Nakicenovi¢ + |4 co-authors;
IPCC Dec. 2003 press release

van Vuuren, Riahi; Sheehan

Moss et al.; RCP and SSP teams

Schwalm, Glendon & Duffy

Refusal for 20 years; one-
sentence concession in AR6

Method absorbed, critique
never conceded

Finding intact; baselines
unchanged

Design adopted; the seed of
Episode 5

Critics prevailed on the
method

CMIP7 retirement, no
retrospective
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Scenario planning (originally called “future—now”’)
1960s, Herman Kahn and Rand Corporation

An initial purpose: Scenarios as an exploratory tool for the
intellect

11. As near as I can tell the term scenario was first used in this sense in a
group I worked with at the RAND Corporation. We deliberately chose the
word to deglamorize the concept. In writing the scenarios for various
situations we kept saying “Remember, it's only a scenario,"” the kind of ol e -
that 1s produced by Hollywood writers both hacks and genuises. There is e P
priori concept that a scenario should be taken seriously or that it is inter Dr, Strangelove

to reflect aspects of the real world. Some scenarios do; others do not. Scen: o

are simply a more or less imaginative sequence of events that are put toge sy
= Worrying

so that each event forms a context for the other events and so that there is s hod

continuity over time in the “narrative."”
Kahn 1979 (World Economic Development, 1979 and Beyond)

e Sterling Hayden Keenan'
sonn Stanley Kubrick, Peter Gec
s e StANIEY Kuubrick:coomba Pt Retease
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Scenario planning also as plausible futures

IHE FE:" 2000 “Scenarios are attempts to describe in some detail a

A FRAEWORY hypothetical sequence of events that could lead plausibly
FOR SPECULATION ON . . . vy
to the situation envisaged.

THE NEXT THIRTY-THREE YEARS

e S

Kahn & Weiner 1967

TRy

Dmaonsteatong the ram tachnigues of the
ERind famd, Thet book projects bt tur

- and ANTHONY J, WIENER
- Introduction by DANIEL BELL

Source: https://www.hudson.org/research/22 | 4-the-use-of-scenarios
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Evolution of policy research & practice, e.g., ...

I: President Reagan, Executive Order 12291; Requiring cost-benefit analysis for federal
regulations
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Projections are necessary in many types of policy
analyses

For example, methodology of cost-benefit analyses

* ldentify a “do nothing” option (e.g., reference or BAU)

* ldentify alternative options (e.g., A,B,C ...)

* Estimates costs, benefits of proceeding with BAU, A,B, C...
* Account for time value of money

* Andsoon...

Gost-bamih snaiyes Requires plausible projections of the future

For a reference/BAU future & also departures from that
baseline

e

Source: https://doi.org/10.1016/B978-0-12-812885-5.00001-9
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Two contrasting views of the role of scenarios

Plausible futures
(projections)

 Business as usual/reference/baseline

* Policy interventions

Tools for the intellect
(exploratory)

* To inform robust decision making

* To motivate hypothesis generation

* To explore hypotheses

* To build and test exploratory models

e Andsoon ...

These two perspectives have been variously dominant under
the IPCC at different points in time

@l University of Colorado Boulder




IPCC First Assessment Report 1990

Scenarios (““Task A’’) as plausible projections of the future; BAU as a “reference scenario”’;
Scenarios B, C, D as “policy scenarios”

900
800

700

600

=200

400

CO2 CONCENTRATION (ppmv)

300

1980 2000 2020 2040 2060 2080 2100
YEAR
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IPCC 2000: SRES Scenarios

Adopted an exploratory approach to scenarios; Informed IPCCTAR & FAR

SRES Scenarios

Al & A2

W Regional

. 3
“iving For©t

(d) NTERGOVERNMENTAL PANEL OW ELIMATE CHANGE (60
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IPCC 2000 SRES scenario range

No ‘“‘reference scenario’’
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Post-SRES scenarios ~2005 to present
Representative Concentration Pathways (RCPs); Informed the IPCC AR5, SRI15,SROCC

Integration of climate

and socio-economic
scenarios New research

and assessments

* Impact,

2008 2009 2010 2011 2012 2013
Source: Moss et al. 2010 Year
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“Emissions scenario” (IPCC 2014)

RCPs reflected a return to projections in AR5

WORD OF THE DAY

“A plausible representation of the future
developbment of emissions of substances that are

potentially radiatively active (e.g., greenhouse gases, l . bl
aerosols) based on a coherent and internally p aUSI e

adjective | PLAW-zuh-bul

JULY 31, 2017

consistent set of assumptions about driving forces
(such as demographic and socioeconomic appearing worthy of belief
development, technological change, energy and land
use) and their key relationships.”

Source: IPCC 2014

@l University of Colorado Boulder




Radiative forcing

“Radiative forcing refers to changes in the energy
balance of the global Earth system. More precisely and
technically, according to the IPCC, radiative forcing is “the
change in the net, downward minus upward, radiative
flux (expressed in Watts per square meter;W/imZ2) at the
tropopause or top of atmosphere due to a change in an
external driver of climate change, such as, for example, a
change in the concentration of carbon dioxide (CO2) or
the output of the Sun.”

Source: Pielke and Ritchie 202 |

@
KEEP

CALM

IT'S

BUSINESS
AS USUAL
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Plausibility starts with socio-economic assumptions
The sequential path from scenarios to climate model outputs

An evaluation of plausibility starts with
evaluation of socio-economic assumptions
that go into integrated assessment models.
These include the future evolution of

population, GDP, energy production and
/ consumption.

H d ! t-
assumplions Emissi adiauve - Scientific
mission . Climate :
>| AMs | ——» - |——|forcing — 3| evidence base
scenanos scenarios models for climate change

One step at a time — from socio-economic

assumptions as inputs to climate model outputs
Source: adapted from |[PCC SRES 2000
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How the IPCC detached climate modeling
from socio-economic plausibility starting in 2005 (RCPs)

Socioeconomic Radiati
assumptions Lot aalative . Scientific
IAMs Emlsspn forcing Climate avidence hase
scenarios scenarios models for climate change
Source: SRES (2000) Informed IPCC 3rd
and 4th Assessments

RCPs - Representative Concentration Pathways (2011)

IPCC WGIII parallel thread of evidence

o
T RCPs Scientific
evidence base
. for climate change
Range of -~ 3 Range of 1 Radiative .
socioecr;nomic T Hi:ﬁ;f Ermission 'forcing C|II'::';H:ZE
assumpilons Path I models
| SN athways : pathways
[ 9
Informed IPCC 5th
Assessment
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RCPs as radiative forcing pathways

But often forgotten: these RF pathways come from scenarios

CO2-Equivalent Concentration
All GHGs (ppm CO2eq)

1,380 ppm

I 840 ppm

660 ppm

Total Radiative Forcing [\W/m’)

495 ppm

T L] L] L] L] L]
2020 2030 2040

Year

——— RCP85 ——— RCP4.0

Source: Ritchie and Dowlatabadi 2018

2050 204(

RCP4.5

2080 2090 2100

——— RCP2.6)

Global Mean Temperature Increase
MAGICC (vé defsult tunings)

48°C

3.2°C

25°C

16°C
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IPCC AR5 Integrated Assessment Models

(producing | 184 scenarios)

(2.) Model /Scenarios:
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f- ;I Ecofys Energy Model
] FARM_3.0
RCP4.5 m GCAM 2.0 ]
] GCAM 3.0
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RCP4.5
RCP6.0
RCP8.5

IMAGE 2.4 B2

GCAM 2.0

AIM SRES B2

MESSAGE V.2 SRES A2r
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Representative Concentration Pathway Scenarios

4 of the 1,184 ARb Scenarios
Data: CDIACI/GCP/IPCC/IFuss et al 2Q14

RCP8.5

Scenario categories

1007 __ ~1000 ppm CO,eq i i-ét—ivi-ffsc
720-1000 ppm 1850-1900
80 - 580-720 ppm -
480-580 ppm

— 430-480 ppm

Emissions from fossil fuels
and cement (GtCOx/yr)
(@)]
(@]

net-negative global emissions - \ — 0.9-2.3°C

'20 T T T T T
1980 2000 2020 2040 2060 2080 2100
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Massive confusion!

Scenarios as exploratory for climate modeling vs. projections for informing policy

“Given that the primary goal of this
[RCP] exercise is to provide input data for
climate models, the core products will be
global emissions and concentrations of
long-lived greenhouse gases, gridded
emissions of shorter-lived species, and
gridded land-use and land-use change
information.”

“RCPs are mainly intended to facilitate
the development of integrated scenarios
by jump-starting the [climate modeling]
process through the provision of data on
emissions, concentrations, and land
use/land cover needed by [climate
models].”

Van Vuuren 2008 Moss et al. 2008

University of Colorado Boulder A=l
J



RCPs are not in fact RCPs

They are re-named from pre-existing scenarios, which come with fully characterized socio-
economic inputs (e.g., population, GDP, etc.)

IClimate

85

7.2
7.0

6.0

4.5

2.6

Integrated Assessment Model

IMAGE MiniCAM AlM MESSAGE

RCP8.5

Table 2

Population and GDP assumptions of the baseline scenarios of the RCPs.
Scenario Population in 2100 GDP in 2100 References
RCP2.6 9.1 billion $329 trillion (19958%) [46]
RCP4.5 8.7 billion $340 trillion (2005%) [44]
RCP6.0 9.8 billion $225 trillion (2005%) [47]
RCP8.5 12 billion $250 trillion (2005%) [34]

RCP6.0

RCP26

2100 forcing level (W/m?)

Policy scenarios L~

To evaluate climate policy
using an IAM, it would be
necessary to compare
scenarios within a column.
Comparing across columns is

meaningless.
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IPCC AR5, CMIP5, CMIPé6

RCP8.5 as ““baseline” (i.e.,““business as usual’’)

Total GHG Emissions in all ARS Scenarios

E
E; 140 . = 1000 ppm CO2q 2
= [ 720-1000 ppm COeq il
E [0 580-720 ppm COeq et = T
= 120 |- [7] 530-580 ppm COeg = = i
= [ 480-530 ppm COeq .~ /,/'/ | &,
:E 100 7] 430-480 ppm COeq ‘I;" : : P ._-.-..........-h-_H- 3
:E == Full ARS Datzbase Range -~ = aseierh o
i o E
* | 2
T
2 6
2
40
20
i}
'ED | | | | | | | | | |
Source: IPCC 2014 2000 2020 2040 2060 2080 2100
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Despite warnings by RCP creators

RCP8.5 is systemically misused as a reference scenario for the other RCPs

Warning!

Representative Concentration Pathways
(RCPs)

Pacific Northwest
NATIONAL LAB TORY

The climate modeling community wanted 4 levels of radiative forcing that
would span the emissions literature.

Forcings from IAMs

10 n Greer)house gases: CO,, CH,, N,O, CFCs,
9 MESSAGE 8.5 HFC’s, PFC’s, SF;
m Emissions of chemically active gases: CO,
~ 9 NO,, NH,, VOCs
E 71 m Derived GHG's: tropospheric O,
% 6 Emissions of aerosols: SO,, BC, OC
= 5 .
59
2 4
&
B 3
i ) Is RCP 8.5 the reference for the other RCPs?
1.
0
Year e

CLIMATIC CHANGE
Volume 109, Numbers 1-2 (2011), 5-31, DOI: 10.1007/510584-011-0148-7

Froudly Cjperestd by BADEE Sinice K5

lgnored!

Google Scholar

Articles

Any time

Since 2021
Since 2020
Since 2017
Custom range. ..

Sort by relevance
Sort by date

include patents

rcpd. 5 OR "RCP &.5" AND "business as usual”

Page 2 of about 5,800 results .06 sec)

roF] Assessment of projected agro-climatic indices over Awun river basin, Nigeria
for the late twenty-first century

T Gbangeu, ME Sylla, QD Jimoh, AA Okhimamhe - Climatic Change, 2018 - Springer

.. The RCM simulations are driven by two global climate models for a reference period

(1985-2004) and a future period (2080- 2099) and for RCP4.5 {a scenario with some

mitigation) and RCP8.5 (a business as usual scenario) forcings ..

¢ UY Citedby 13 Related articles  All 12 versions

Global food self-sufficiency in the 21st century under sustainable intensification

of agriculture
A Beliran-Pefia, L Rosa... - Environmental Research ..., 2020 - iopscience.iop.org

Source: http:/lwww.globalchange.umd.edu/data/annual-meetings/20 | 4/Moss-GCAM_scenarios_v | .pdf - From a presentation by Richard Moss in 2014 - Search of 13 Mar 2021
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A coal-intensive future in the baselines
(Ritchie and Dowlatabadi 2017)

Coal per capita,indexed to 2018

Indexed to 2018

160 - ~ 76X ypperBound Baseline
L " ARS No Climate Policy Scenarios
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= / I
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5 A A
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— | L
B 120 4 L 5.7x
= ! I
S 10 - - 5.2x
O 100 4 - 4.8x
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® . -
o 80 - 3.8x%
i, i [ RCP8.5 [MESSAGE]
E 70 i B 33X CmIPSAPCC ARS Baseline
LQ_E__, 60 7 B 29X procianBeseine
2 ARS No Climate Policy Scenarios
:g 50 - ina s I 24X gspazo
Q 1 = = I CMIPE/IPCC ARG Baseline
S 40- - 1.9x
- i e L @® IEAWEO2019
a 20 - o 3 L 1.4x Current Policies Scenario
o | Past Observational Data 2T | L fAWIEF? 2019c;
ﬁ ] B Staled Policies Scenario
8 20 _ e | LOX e Bound Baseline _
10 - L. 05x ARS5 No Climate Policy Scenarios
5 ; : ; ISR (ENEAETE SEEE ERSE e SR (T,
1870 1880 1900 1920 1940 1960 1980 2000 2020 2040 20680 2080 2100
Source: Burgess et al. 2020 Year
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Plausible 2005-2050 scenarios project 2°C to 3°C

Pielke, Burgess & Ritchie, Environmental Research Letters, 2022

IoOPScience Q. Journals~ Books Publishing Support € Login~

ENVIRONMENTAL RESEARCH

LETTERS

LETTER - OPEN ACCESS 2232 Total downloads
Plausible 2005-2050 emissions scenarios project between 2

°C and 3 °C of warming by 2100 261

Roger Pielke Jr*1 (), Matthew G Burgess % {&2) and Justin Ritchie®

Published 11 February 2022 « © 2022 The Author(s). Published by IOF Publishing Ltd Turn on Mathlax
Environmental Research Letters, Volume 17, Mumber 2 Share this article
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The plausible range of IPCC scenarios
2100 warming vs. cumulative CO, emissions, 2005-2010 range

From Pri-lndustrial Baddline
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The plausible range narrows over time
2100 warming vs. cumulative CO; emissions

From Pre-industrial Baseline
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So what?
What is wrong with using RCP8.5, SSP5-8.5 and SSP3-7.0 as baselines?

These scenarios are fine for exploratory
modeling and investigation

However, - they are implausible - they have no
connection to the real world

They should play no role in climate research to
inform plausible projections of climate, impacts
or policy

And the problems are not limited to these 3
scenarios

Nor is misuse limited to misdefined baselines,

the issues are much deeper (Pielke and Ritchie
2021)
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Abstract

Scenarios used by the Intergovernmental Panel on Climate Change (IPCC) are central to climate
science and policy. Recent studies find that observed trends and International Energy Agency (IEA)
projections of global CO; emissions have diverged from emission scenario outlool
employed in climate research. Here, we quantify the bases for this divergence, foc
Identity factors: population, per-capita gross domestic product (GDP), ene
consumption/GDP), and carbon intensity (€0, emissions/energy consumption). We compare
2005-2017 observations and IEA projections to 2040 of these variables, 1o ‘baselin
projections from the IPCC’s Fifth Assessment Report (ARS), and from the shared socieconomic
pathways (S$Ps) used in the upcoming Sixth Assessment Report (AR6). We find that the historical
divergence of abserved 00, emissions from baseline scenaria projections can be explained largely
by slower-than-projected per-capita GDP growth—predating the COVID-19 crisis. We also find
carbon intensity divergence from baselines in IEA’s projections to 2040. IEA projects less coal
energy expansion than the haseline scenarios, with divergence expected to continue to 2100. Furure
ecanomic growth is uncertain, but we show that past divergence from ohservations makes it
unlikely that per-capita GDP growth will catch up to baselines before mid-century. Some experts
hypothesize high enaugh ecanomic growth rates ta allow per-capita GDP growth to catch up to or
exceed baseline scenarios by 2100 However, we argue that this magnitude of catch-up may be
unlikely, in light of: headwinds such as aging and debt, the likelihoed of unanticipated economic
crises, the fact that past economic forecasts have tended to over-project, the aftermath of the
current pandemic, and economic impacts of dimate change unaccounted-for in the baseline
scenarios. Our analyses inform the rapidly evolving discussions on climate and development
futures, and on uses of scenarios in climate science and pelicy.

L. Introduction analyses serve different functions, and should be eval
usted diffesently. Here we fo
iral to climate change science: con uses of scenarios to inform ns

Scenarios are o
cenarios are useful to the extent that

necting physical and social research on projected
i ely capture real-world trends inaccurate

impacts, and under
and mitigation. Scenarios are used in both explor-  scenarios can mislead
atory analyses—sometimes intentionally extreme—  The IPCC has long used “marker scenarios’ 1o

ning discussions of adaptation

and policy-relevant projections, where realism is  represent a family of s
more important (Piclke and Ritchie 2020). These  storyline of pathway

g o particular
10). Recent
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Research emphasizes an implausible scenario

Scrutiny for Most Popular Climate Scenario

Of the four main scenarios designed to run on climate-economic models, the most extreme
one draws the most Google Scholar hits.

B Hits on Google Scholar for papers citing each warming scenario

Low warming (RCP2.6) Low-medium warming High-medium warming  High warming (RCP8.5)
(RCP4.5) (RCP&.0)

Scenario
Google Scholar
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If you read a media report about climate impacts ...
It is likely that the story is based on RCP 8.5

o Climate change could leave
ciar el Californians with 'weather whiplash'

By Brandon Miller, CNN
© Updated 3:02 PM ET, Mon April 23, 2018 O

nawre

NEWS FEATURE - 07 MARCH 2018

Attack of the extreme floods

Guest post: Climate change is

already making droughts worse
0006

FEBRUARY 14,2018

Risk of extreme weather events higher if Paris
Agreement goals aren’t met, Stanford
researchers find

The threat of 'Biblical’ rainfall over
Texas has soared sixfold in just 25
years due to global warming, experts
warn

E NYT Climate

( Follow ) v
nytclimate :

Daily chart

Sure, you can move the treasures off of Easter
Island before climate change does its worst « From 1981to 2000, probability of 20 inches of rain was 1in 100 or even less

L] L] L]
Cllmate Change Wlll affect developlng The statiues:and petroglyphs could 9o go « Now it's 6in 100 and by 2081, those odds will be 18 in 100
museums. “But you lose their context, you By ASSOCIATED PRESS
L . |OSe their history When doing that." PUBLISHED: 15:10 EST, 13 November 2017 | UPDATED: 06:06 EST, 14 November 2017
countries more than rich ones B SR = E 3 145

eeeeeeeeeee

The chances of a hurricane flooding parts of Texas, like Harvey did, have soared
sixfold in just 25 years because of global warming and will likely triple once again
before the end of the century, a new study says.

Temperatures in tropical climates will become far more variable

I Poor rewards ®Asia @ Europe
Change in variability of climate and GDP per person

11:12 AM - 15 Mar 2018
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Dominance of RCP8.5 Across Recent Climate Assessments

Prevalence of mentions of the RCPs in the IPCC Fifth Assessment Report and the
U.S. National Climate Assessment.

Scenario AR5 WG1 AR5 WG2a AR5WG2b AR5WG3  SUM
RCP2.6 629 111 62 (23.5% 18 820
(24.1%) (28.6%) 0 (30.5%)  (24.7%)
RCP4.5 715 62 (16.0%) 52(19.7%) 14 843
(27.4%) (23.7%)  (25.4%)
RCP6.0 446 56 (14.4%) 15 (5.7%) 12 529
(17.1%) (20.3%) (15.9%)
RCP8.5 821 159 135 15 1130
(31.4%) (41.0%) (51.1%) (25.4%)  (34.0%)
TOTAL 2,611 388 264 59 3,322
Scenario USNCA (2017, part 1) USNCA (2018, part 2) SUM
RCP2.6 47 (15.4%) 35 (6.6%) 82 (9.8%)
RCP4.5 82 (26.8%) 182 (34.4%) 264 (31.6%)
RCP6.0 11 (3.6%) 6(1.1%) 17 (2.0%)
RCP8.5 166 (54.2%) 306 (57.8%) 472 (56.5%)
TOTAL 306 529 835

@ University of Colorado Boulder




RCP8.5/SSP5-8.5 share of scenario mentions
IPCC AR5 and AR6,Working Groups | and 2

Proportion of RCP8.5/55P5-8.5 Mentions in IPCC ARS & ARG
70%

60%

50% /

A0%

/
30%
20%%
10%
0%

ARS WG1 ARG WG1 ARS WG2 ARG WG2
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Research — Assessment — Public discourse
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IPCC AR6 WG3 made a big mistake

lllustrative pathways and CMIPé scenarios,AR6 WG3 BoxTS.5

Box T5.5, Table.1 | Mlustrative Mitigation Pathways (IMPs) and pathways illustrative of higher emissions in relation to scenarios’ categories,
and CMIP6 scenarios.

Classification of emissions scenarios Pathways illustrative of llustrative mitigation :

: : . o CMIPG scenarios

into warming levels: C1-C8 higher emissions pathways (IMPs)
C8 exceeding warming of 4°C (=50%) 55P5-B.5
€7 limit warming to 4°C (>50%]
C6 limit warming to 3°C (=50%) ModAct 55P2-4.5
C5 limit warming to 2.5°C (=50%) 55P4-3.7
C4 limit warming to 2°C (=50%)

. , . PG5

C3 limit warming to 2°C [=67%) (Sensitivities: Neq: Ren) S5P2-2.6
C2 return warming to 1.5°C (»50%} after a high overshoot IMP-Meg
IMP-LD

C1 limit warming to 1.5°C (=50%) with no or imited overshoot |MP-Ren S5P1-1.9
IMP-5P
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Don’t take just my word for it ... UNFCCC
NDC synthesis report, October 2022

70

o
o

50 -

404

Wt
o

GHG emissions
(Gt CO2 eqg/year using GWP-100 from the AR6)
Pad
(= ]

o

0
2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

United Nations Framework Convention on Climate Change, Oct 2022
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Which RCPs remain plausible?
Plausible range from RCP2.6 to RCP4.5

Data: CD|AQ/GCP/|PCC/IFUSS et al EOIM

L 1 | ~—
Scenario categories 0 F{CP8;5
100+ — >1000 ppm CO»eq < 2 K %Igt_iv%?oc
= - 720-1000 ppm = 1850-1900
2 2 80{  580-720 ppm e
g 8 480-580 ppm = == —~— |IMPLAUSIBLE
L= ~ 430-480 a
= g 601 ppm
E g : s » RCP6
= 2014 Estimate 2.0-3.7°C
g o 401 g
O o —
272 )
E & 50T N ncpsc—  PLAUSIBLE
Historical emissions —— 1.7-0.2°C Upper end = RCP4.5
0 ——' RCP2.6 — Reference (BAU) = SSP4-3.4
net-negative global emissions e — __i 0.9—2.3;’C Goal = RCP2.6
-20

1980 2000 2020 2040 2060 2080 2100
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Cumulative CO2, 2020-2100 (Gt)

RCP — 2011 CMIP7 — 2026

The three scenarios

. . . Cumulative CO-
now judged to be Scenario Family 2020-2100 (Gt)
“implausible.”

RCP 6,200

 SSP5-8.5
* RCP8.5
 SSP3-7.0

4,906

MEDIUM CMIP7 3,357

These scenarios have RCP 3,200

dominated climate
research, policy, and
media representation
of projective climate
science for |5 years

RCP4.5 RCP 2,200

RCP2.6 RCP 840

VERY LOW | CMIP7/
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CMIP7 retires RCP8.5,SSP5-8.5 and SSP3-7.0

Seven new scenarios for the IPCC AR7 cycle, 2026

High
High-to-Low
Medium
Medium-Low
Low
Low-to-Negative

Very Low

* ScenarioMIP design: van Vuuren et al., 2026 Geoscientific Model Development
* 1AM data release: September 2026
* Retired: RCP8.5, SSP5-8.5, SSP3-7.0

-

CMIP7 on HIGH: “not a ‘business-as-usual’ scenario
nor the no-policy reference scenario.”

CMIP7 aimed HIGH at the upper end of plausible emissions.

Sources: van Vuuren et al. (2026) GMD; Ausubel (1995) Energy Policy; Pielke, THB, 7 Sept. 2026

2
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https://gmd.copernicus.org/articles/19/2627/2026/

But is CMIP7 HIGH plausible?

HIGH is based on on SSP3: a crowded, poorer world
World population in 2100, billions

14.0 13.0

12.0 11.4

11.2

10.9

10.0
8.0
6.0
4.0
2.0
0.0
SSP3/ UN 2024 UN 2017 UN 2019
CMIP7 upper 95%  median median
HIGH

UN 2024
median

SSPI and
SSP5

Sources: IIASA SSP database; UN WPP; van Vuuren et al. (2026); Pielke, “Is the New HIGH Climate Scenario

Plausible?”” THB, 7 Sept. 2026

CMIP7 authors judged SSP3- and SSP5-
based high scenarios “reasonably similar’
in emissions.

They picked SSP3 as “more
interesting from an impact
perspective.”’

’

Every study built on HIGH will be based
on |3 billion people at ~$28,000 per
capita with weak adaptive capacity, with
the highest emissions in the set.

Fix: a fully developed SSP5-based
companion HIGH, so users can
compare results.
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Fertility rates are declining everywhere
Total fertility rate by country, 2023

Fertility rates are declining everywhere.

Total fertility rate by country,

live births per woman 2023

Below replacement rafe
Western Central and o ———
_ Europe 0 o Eastern Europe 1152134 567 8
G -
-

\J

Adwvanced
Asia

.
5T ”'

East and

MNaorth Africa (i - . ot o

Morth
America

Latin
America and
Caribbean

Sub-
Saharan
Africa

and names shawn on this map do not imply official endorsement or acceptance by McKinsey & Company,
| Population Prospects 2024, United Nations, MeKinsey Global Instibule analysis

McKinsey & Company

Source: https:/lwww.mckinsey.com/mgilour-research/dependency-and-depopulation-confronting-the-consequences-of-a-new-demographic-reality
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CMIP7 HIGH: the bottom line

Exploratory only

1 3.0 billion 0.66% / yr 0.08% / yr

people in 2100 vs. UN median of 10.2 billion energy-intensity decline vs. 1.43% observed carbon-intensity decline vs. 0.21% observed
since 1990 since 1990

* Plausible? No: But the most pessimistic observed rates (population | |.4 billion, income
+2.23%l/yr, energy intensity —|.36%/yr, carbon intensity —0.17%/yr) yield cumulative
emissions above HIGH.

* Uniformly pessimistic: only HIGH puts income, energy intensity and carbon intensity all
below historical rates.

* Use: exploratory research only; never a baseline or reference for the other CMIP7 scenarios.

* Missing step: CMIP7 released the scenarios with no formal plausibility assessment.
Source: Pielke, “Is the New HIGH Climate Scenario Plausible?” THB, 7 Sept. 2026
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Cumulative CO> and warming in 2100
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o
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Source: analysis by Roger Pielke Jr., The Honest Broker
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The new CMIP7 scenarios

The plausible set up close

w
u

0
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w
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.
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L ]
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Source: analysis by Roger Pielke Jr.,, The Honest Broker
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Plausible scenarios still indicate 2°C to 3°C
Update of Pielke, Burgess & Ritchie (2022) with data through 2025

Median 2100 warming of plausible scenarios, by near-term

2 I O‘ benchmark
°

3.0°C
median 2100 warming of the plausible 2.7°C
set (2.2°Cin 2022) 5 5°C 2.4°C
2.1°C
0 2.0°C
|.5°C
plausible scenarios above 3°C (1.4%
in 2022)
1.0°C
I 3 I 8 0.5°C
)]
ARG i q 0.0°C T T
scenarios screene IEA WEO 202 IEA WEO 2025 IEA WEO 2025
(2022 paper benchmark) Stated Policies Current Policies

Source: Pielke, “Plausible Scenarios Still Indicate 2°C to 3°C,” THB, |4 Sept. 2026; Pielke, Burgess & Ritchie (2022) ERL 17:024027
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Right emissions, wrong reasons

How many ARé scenarios match the real world on all four Kaya factors?

AR6 scenarios with complete fossil and industrial
CO, paths

pass the emissions filter against the IEA 2025 outlook

also match population, GDP per capita, energy intensity and carbon intensity at the
looser tolerance

pass all four Kaya factors at the tighter tolerance

Population tracks closely to 2050; energy and carbon intensity show wide scatter. Scenarios diverge
from reality and need frequent updates.

Source: Pielke, “Plausible Scenarios Still Indicate 2°C to 3°C,” THB, 14 Sept. 2026

University of Colorado Boulder A=l ‘

2




How do the new CMIP7 scenarios fare?
Plausibility test against observations and the IEA 2025 outlook

e e
Suggested use

Needs emissions to fall >8% a year for

Very Low No three decades vs. ~1% in the |EA outlook

Low-to-Negative No Misses by 1.5 percentage points a year

Low No Misses by 1.2 percentage points a year

Medium-Low Yes CIosc?r than any AR6 scenario in the

plausible set

Medium Yes (looser Just beyond the upper edge of the tight
tolerance) test

High-to-Low No Outside the plausible set

High No Outside the plausible set

Source: Pielke, “Plausible Scenarios Still Indicate 2°C to 3°C,” THB, 14 Sept. 2026

Medium-Low and Medium:
bracket a reference range.

High: exploratory only; no role as a
reference scenario.

Low family: policy scenarios,
judged on feasibility; implausibility by
design.

CMIP7 gives researchers a better basis for
policy-relevant projections than the RCPs or SSPs.
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IPCC AR7 wants
CMIP7 ScenarioMIP
runs for AR7 to
extend through
2150. Will AR7
replay the
RCP8.5 debacle?

\

The Ghost of RCP8.5 Returns .

Cumulative fossil carbon dioxide emissions

6,186 6,223

Cumulative fossil CO», GtCO>

1,000+

CMIP7 HIGH-2150 RCP8.5

2027- 2027-

Data: CMIP7 ScenarioMIP emissions (Sanderson & Smith repository); RCMIP v5.1.0 (Zenodo)
Source: analysis by Roger Pielke Jr., The Honest Broker

@ University of Colorado Boulder

Sources: Pielke, “Fool Us Once,” THB, 23 Sept. 2026; van Vuuren et al. (2026) GMD 19:2627




Where things stand in autumn 2026

Four takeaways

” Retirement a Plausible futures

CMIP7 retired RCP8.5, SSP5- Plausible scenarios still point to

8.5 and SSP3-7.0 -- Well done! 2°C-3°C by 2100, median ~2.1°C,
with none above 3°C.

The new HIGH o The next misuse?

Extreme and highly unlikely, built on the Extensions to 2150 reproduce RCP8.5
SSP3 world of 13 billion people; suited outcomes; AR7 plans to run every
only to exploratory research. scenario to 2150.
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Special thanks!

Matt Burgess (University of Colorado) and Justin Ritchie (University of British Columbia)

Of course, | am solely responsible for all claims and statements made in this presentation!

For further reading

Ritchie, )., & Dowlatabadi, H. (2017).Why do climate change scenarios return to coal? Energy, 140:1276-1291.

Pielke, Jr., R. (2018). Opening up the climate policy envelope. Issues in Science and Technology, 34:30-36.

Burgess, M. G,, Ritchie, J., Shapland, J., & Pielke, Jr., R. (2020). IPCC baseline scenarios have over-projected CO2
emissions and economic growth. Environmental Research Letters, 16(1), 014016.

Pielke Jr, R., & Ritchie, . (2021). Distorting the view of our climate future: The misuse and abuse of climate
pathways and scenarios. Energy Research & Social Science, 72, 101890.

Pielke Jr, R., & Ritchie, . (2021). How Climate Scenarios Lost Touch With Reality. Issues in Science and
Technology, 37(4), 74-83.

Pielke Jr, R., Burgess, M. G., & Ritchie, ]. (2022). Plausible 2005-2050 emissions scenarios project between 2 and
3 degrees C of warming by 2100. Environmental Research Letters, 17,024027.
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Further reading: 2026 updates

 Pielke Jr., R.(2026). Is the new HIGH climate scenario plausible? The Honest Broker, 7 September.

* Pielke Jr., R. (2026). Plausible scenarios still indicate 2°C to 3°C.The Honest Broker, 14 September.

* Pielke Jr., R. (2026). Fool us once.The Honest Broker, 23 September.

* Pielke Jr, R. (forthcoming). Twenty-five years of argument about scenarios. The Honest Broker.

* vanVuuren, D.P, et al. (2026).The Scenario Model Intercomparison Project for CMIP7
(ScenarioMIP-CMIP7). Geoscientific Model Development, 19, 2627-2656.

* Ausubel, J. H. (1995).Technical progress and climatic change. Energy Policy, 23(4-5),411-416.
* Pielke Jr., R.,Wigley, T., & Green, C. (2008). Dangerous assumptions. Nature, 452, 53 |-532.

* THB Build Your Own Climate Scenario tool: scenarios.thehonestbroker.org
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THB DASHBOARD
Contact and resources SHEOARDS
US ExtremeWeather and Climate Change Dashboard
° Roger Pielke jr, extremeweather.thehonestbroker.org
—  Senior FellowAmerican Enterprise Institute Global ExtremeWeather and Climate Change Dashboard
—  Professor Emeritus,University of Colorado Boulder globalextremeweather.thehonestbroker.org
- WRITING GlobalTropical Cyclones
«  The Honest Broker on Substack thehonestbroker.org/gtc
— rogerpielkejr.substack.com Decarbonization Around theWorld

decarbonization.thehonestbroker.org

THB homepage
— thehonestbroker.org Build Your Own Climate Scenario
scenarios.thehonestbroker.org
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After the RCPs:

Shared Socioeconomic Pathways (SSPs); ~2016 to present
THE SHARED SOCIO-ECONOMIC PATHWAYS (SSPs)

Fig. 1 Overview of S5Ps

{Narratives in O'Neill et ol., 2016, Glob Env Change, online first)

E - :ﬂ fngsp Dg“ £ ﬂ-ftngfﬂzgw SSP1: low challenges for mitigation
0 "g Fossil-fueled Regional Rivalry (resource efficiency) and adaptation
£ Development A Rocky Road (rapid development)
ek Taking the Highway % SSP 2- SSP3: high challenges for mitigation
8 o (intermeciate Challenges) (regionalized energy / land policies)
3~ Middle of the Road and adaptation (slow development)
E g’, SSP4: low challenges for mitigation
3 s * SSP1: X SsP4: (global high tech economy), high for
= (Low Challenges) (Adapt Challenges Dominate) : -
© Sustainability Inequality adapt. (regional low tech economies)
ﬁ Taking the Green Road A Road Divided SSP5: high challenges for mitigation

(resource / fossil fuel intensive) and
Socio-economic challenges low for adapt. (rapid development)
for adaptation
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CMIP6 scenarios vs. history
CO, emissions from fossil fuels and industry

CO2 Emissions from Fossil Fuels and Industry: CMIP6 Scenarios
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SSPs are repeating problems of the RCPs

Shared socioeconomic pathways

SSP1 SSP2 SSP3 SSP4 SSP5 Previous
Sustainability Middleoftheroad  Regional rivalry Inequality ’ ‘ forcing pathways
4 es =
S5P5-8.5 RCP8.5
70
Baselines SSP3-7.0 Baselines
6.0 [ ]
Baselines RCP&.0
Climate 4.5 -
SSP2-45 RCP45
3.4
26 —
SS5P1-26 RCP285
19

2100 forcing level (W/m2)

@l University of Colorado Boulder




Is the new HIGH scenario plausible?
HIGH vs. observed Kaya rates since 1990

Annual rate of change (% per year)
0.00

-0.20
-0.40
-0.60
-0.80
-1.00
-1.20

-1.40

-1.43

-1.60

Energy intensity Carbon intensity
of GDP of energy

B Observed 1990-2024 = CMIP7 HIGH 2025-2100

Efficiency: HIGH cuts the historical pace of
energy-intensity improvement by more than half for
75 years, slower than any sustained stretch in the
historical record.

Fuel mix: fossil fuels supply 73% of primary energy
in 2100; solar and wind reach | 1%, with a decline in
nuclear output.

Carbon intensity of energy: 58.3 kg CO,/G]J in
2025, 54.8 in 2100.

Credit to CMIP7: coal holds near 27% of energy,
with no RCP8.5-style coal renaissance.

Energy per person falls from 77 GJ to 72 GJ as
population grows by 5 billion.

Source: Pielke, “Is the New HIGH Climate Scenario Plausible?” THB, 7 Sept. 2026 (Energy Institute, World Bank, UN, IIASA data)

@ University of Colorado Boulder




In 2100, the HIGH world resembles Egypt in 2024
Carbon intensity of GDP (kg CO, per $) and the closest country today
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Source: Pielke, “Is the New HIGH Climate Scenario Plausible?” THB, 7 Sept. 2026
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HIGH minus MEDIUM: 977 GtCO,

Kaya decomposition of the cumulative energy CO, gap, 2025-2100
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Source: Pielke, “Is the New HIGH Climate Scenario Plausible?” THB, 7 Sept. 2026

+977

Net gap

In HIGH, the extra emissions
come from slow efficiency
gains and a stalled fuel mix in
a crowded, poorer world.

Lower income in HIGH offsets
1,226 GtCO, of the gap.

Emissions per person fall from
4.8 t today to 3.7 tin 2100, the
global level of 1968.
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HIGH rests on SSP3: a crowded, poorer world
World population in 2100, billions
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SSPI and
SSP5

CMIP7 authors judged SSP3- and SSP5-based
high scenarios “reasonably similar” in
emissions.

They picked SSP3 as ‘““more interesting
from an impact perspective.”

Every study built on HIGH inherits |3 billion
people at ~$28,000 per capita with weak
adaptive capacity, bundled with the highest
emissions in the set.

Fix: a fully developed SSP5-based
companion HIGH, so users can
compare results.

Is the New HIGH Climate Scenario Plausible?” THB, 7 Sept. 2026
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CMIP7 HIGH: the bottom line

Extreme, highly unlikely, plausible — and exploratory only

1 3.0 billion 0.66% / yr 0.08% / yr

people in 2100 vs. UN median of energy-intensity decline vs. carbon-intensity decline vs.
10.2 billion |.43% observed since 1990 0.21% observed since 1990

* Plausible, barely: the most pessimistic observed rates (population | 1.4 billion,income +2.23%/yr, energy
intensity —1.36%/yr, carbon intensity —0.17%/yr) yield cumulative emissions above HIGH.

*  Uniformly pessimistic: only HIGH puts income, energy intensity and carbon intensity all below historical
rates.

* Use: exploratory research only; never a baseline or reference for the other CMIP7 scenarios.

* Missing step: CMIP7 released the scenarios with no formal plausibility assessment.

Source: Pielke, “Is the New HIGH Climate Scenario Plausible?” THB, 7 Sept. 2026
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Plausible scenarios still indicate 2°C to 3°C
Update of Pielke, Burgess & Ritchie (2022) with data through 2025

Median 2100 warming of plausible scenarios, by near-

2. I OC term benchmark
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Source: Pielke, “Plausible Scenarios Still Indicate 2°C to 3°C,”THB, 14 Sept. 2026; Pielke, Burgess & Ritchie (2022) ERL 17:024027
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Right emissions, wrong reasons
How many AR6 scenarios match the real world on all four Kaya factors?

ARG scenarios with complete fossil and industrial CO,
paths

pass the emissions filter against the |IEA 2025 outlook

also match population, GDP per capita, energy intensity and carbon intensity at the
looser tolerance

pass all four Kaya factors at the tighter tolerance

Population tracks closely to 2050; energy and carbon intensity show wide scatter. Scenarios diverge
from reality and need frequent updates.

Source: Pielke, “Plausible Scenarios Still Indicate 2°C to 3°C,”THB, 14 Sept. 2026
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How do the new CMIP7 scenarios fare?
Plausibility test against observations and the IEA 2025 outlook

Needs emissions to fall >8% a year for

Very Low No three decades vs. ~1% in the IEA
outlook

Low-to-Negative No Misses by 1.5 percentage points a year

Low No Misses by 1.2 percentage points a year

Medium-Low Yes Close.r than any AR6 scenario in the
plausible set

Medium Yes (looser Just beyond the upper edge of the tight

tolerance) test
High-to-Low No Outside the plausible set
High No Outside the plausible set

Source: Pielke, “Plausible Scenarios Still Indicate 2°C to 3°C,”THB, 14 Sept. 2026

Suggested use

Medium-Low and Medium:
bracket a reference range.

High: exploratory only; no role as a
reference scenario.

Low family: policy scenarios, judged
on feasibility; implausibility by design.

CMIP7 gives researchers a better basis
for policy-relevant projections than the
RCPs or SSPs.
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RCP8.5 returns by way of 2150

Exploratory scenario extensions recast as forecasts
2:F f h
Step |: Move the goalposts Step e(:(:;cnas?znmm the

A Sept. 2026 NYT op-ed credits The op-ed cites 3-in-4 odds of 3°C Cumulative CO, of HIGH through
“conventional modeling of today’s by 2150;a companion post cites 2150 matches RCP8.5 through
policies and pathways” with odds ~70% odds of >4°C by 2150 under 2100, with radiative forcing near
out to 2150. CMIP7 built its HIGH, both from Carbon Brief RCP8.5 and SSP5-8.5 levels.
extensions to 2500 “decoupled » runs of a simple climate model. »

Result: HIGH-2150 = RCP8.5

from the outcomes of IAM
simulations,’ to explore Earth-
system dynamics.

IPCC AR7:a lead author reports that all CMIP7 ScenarioMIP runs in AR7
will extend through 2150. Will AR7 replay the RCP8.5 debacle?

Sources: Pielke, “Fool Us Once,”THB, 23 Sept. 2026; van Vuuren et al. (2026) GMD 19:2627
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