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Harry Taylor, 6, played with the bones of dead livestock
in Australia, which has faced severe drought.

Brook Mitchell/Getty Images

Ehe New Hork Eimes

Major Climate Report Describes a
Strong Risk of Crisis as Early as 2040

[...] To prevent 2.7 degrees of warming, the
report said, greenhouse pollution must be
reduced by 45 percent from 2010 levels by 2030,
and 100 percent by 2050. It also found that, by
2050, use of coal as an electricity source would
have to drop from nearly 40 percent today to
between 1 and 7 percent. Renewable energy
such as wind and solar, which make up about
20 percent of the electricity mix today, would
have to increase to as much as 67 percent. [...]

www.nytimes.com/2018/10/07/climate/
ipcc-climate-report-2040.html

The IPCC Special Report on
Global Warming of 1.5°C (SR15)
was published in the fall of 2018.

www.ipcc.ch/sr15
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A Special Report on Global Warming of 1.5°C

Assessing climate change in the context of the SDGS

The IPCC Special Report on
Global Warming of 1.5°C (SR15)
was published in the fall of 2018.

Agenda

- Introduction to climate change
and the Sustainable Development Goals

- Qualitative assessment of mitigation options in the SR15

- Assessment of quantitative, model-based pathways
with a focus on transparency, reproducibility & FAIRness

- Using the scenario ensemble to gain insights on the SDGs
- Near-term policy outlook
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Part 1

A short introduction to climate change
and sustainable development

D



A definition of climate change

It’s not only about the mean but also about (increasing) variability

Annex |

from historical or projected levels, usually allocated by some criteria, as
well as sharing the cost burden across countries,

Business as usual (BAU) See Baseline scenario.

Carbon budget Thls term refers to three <oncepts in the literature:
(1) an assessment of carbor le sources and sinks on a global level,
through the synthesis of ¢ wl e for fossil fuel and cement emissions,
land-use change emissions, ocean and Iand €0, sinks, and the resulting
atmospheric CO, growth rate. This is referred to as the global carbon
budget; (2) the estimated cumulative amount of global carbon dioxide
emissions that that is estimated to limit global surface temperature
to a given level above a reference period, taking into account global
surface temperature contributions of other GHGs and climate forcers; (3)
the distribution of the carbon budget defined under (2) to the regional,

national, or sub-national level based on considerations of equity, costs or
efficiency. See also Remaining carbon budget.

Carbon cycle The term used to describe the flow of carbon (in
various forms, e.g., as carbon dioxide (CO,), carbon in biomass, and
carbon dissolved in the ocean as carbonate and bicarbonate) through
the atmosphere, hydrosphere, terrestrial and marine bicsphere and
lithesphere. In this report, the reference unit for the global carbon cycle

is GtCO, or GtC (Gigatonne of carbon = 1 GtC = 10'* grams of carbon.
This corresponds to 3.667 GtCO,).

Carbon dioxide (COI) A natulally occurring gas, €O, is also a
Is (such as oil, gas and coal), of burning

h UC) and of industrial processes (e.q.,
cement produ(!mn) Itis lhe ncipal anthropogenic greenhouse gas
(GHG) that affects the Earth's radiative balance. It is the reference gas
against which other GHGs are measured a
warming potential (GWP) of 1. See also Green

herefore has a global
se gas (GHG).

Carbon dioxide capture and storage (CCS) A process in which

a relatively pure stream of carbon dioxide (CO,) from industrial and

energy-related sources is sep d (captured), conditioned, comp

and transported to a storage location for long-term isclation from the

atm an‘ve re. Sometimes reierred to as Carbon capture and s(orage See
I j utilisation (CCU), Bioenergy with carbon

ECCS) and Uptake.

Carbon dioxide capture and utilisation (CCU) A processinwhich
€0, is captured and then used to preduce a new product. If the CO, is
stored in a product for a climate-relevant time horizon, this is referred
to as carbon dioxide capture, utilisation and storage (CCUS). Only then,
and only combined with CO, recently removed from the atmosphere, can
CCUS lead to carbon dioxide removal. CCU is sometimes referred to as
carbon dioxide capture and use. See also Carbon dioxide capture and
storage (CCS).

Carbon dioxide capture, utilisation and storage (CCUS) See

Definitions in the Glossary, Annex 1,
Special Report on Global Warming of 1.5°C (SR15)

Carbon price The price for avoided or released carbon dioxide (CO,)
or CO-equivalent emissions. This may refer to the rate of a carbon tax,
or the price of emission permits. In many models that are used to assess
the economic costs of mitigation, carbon prices are used as a proxy to
represent the level of effactin miti nolicies

Carbon sequestratid

=== Climate change Climate change refers to a change in the state of the

Carbon sink  See Sin)

wr ot /)0t that can be identified (e.g., by using statistical tests) by changes

(governments or comp:
finance greenhouse ga

el i the mean and/or the variability of its properties and that persists for

commitments of the res|
to facilitate the two ol

w3 extended period, typically decades or longer. Climate change may be

reach their emissions ¢

Climate Climate in

==t due  to natural internal processes or external jforcings such as

ranging from months
period for averaging th

weoont yOdulations of the solar cycles, volcanic eruptions and persistent

in a wider sense is thel
climate system.

ameamse of ONTHropogenic changes in the composition of the atmosphere or in land

climate that can be ide
in the mean and/or the

=sewel ()50 NOte that the Framework Convention on Climate Change (UNFCCC),

of the solar cycles, va
changes in the compos}

=== in its Article 1, defines climate change as: ‘a change of climate which is

el attributed directly or indirectly to human activity that alters the

=i composition of the global atmosphere and which is in addition to natural
climate variability observed over comparable time periods.’




The trajectory of climate change

Cumulative emissions of COZ2 and future non-C0OZ radiative forcing

determine the probability of limiting warming to 1.5°C

Global warming relative to 1850-1900 (°C)

Observed monthly global / %

mean surface temperature
Estimated anthropogenic
warming to date and

likely range
Likely range of modeled responses to stylized pathways

Global CO2 emissions reach net zero in 2055 while net
non-CO2 radiative forcing is reduced after 2030 (greyinb,c &d)

probability of limiting warming to 1.5°C

l — [] Faster COz reductions (blue in b & ¢) result in a higher

» []No reduction of net non-COz radiative forcing (purple in d)
results in a lower probability of limiting warming to 1.5°C

Figure 1, Summary for Policymakers,
Special Report on Global Warming of 1.5°C (SR15)

Reducing CO2 emissions to
net-zero until 2055 or 2040
result in different probability
of temperature change.

The ranges are computed from
stylized emissions pathways.

Billion tonnes CO2 per year (GtCO2/yr)

COz2 emissions
decline from 2020
to reach net zero in
2055 or 2040




The impacts of climate change

Increasing temperatures expose billions of people

to multi-sector risks

Cumulative risks of

Cumulative risks of

2°C
warming
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based on Byers et al. (2019, doi: 10.1088/1748-9326/aabf45)

I Source: "The hard truths of climate change — by the numbers" (Nature 573:324, September 19, 2019)



https://www.nature.com/immersive/d41586-019-02711-4/index.html
https://doi.org/10.1088/1748-9326/aabf45

Climate change and sustainable development

Two landmark agreements in 2015 define the policy agenda

The “2030 Agenda for Sustainable Development” was adopted
at the UN Sustainable Development Summit on September 25, 2015.

It specifies 17 goals linked to 169 targets and 232 indicators.
@0
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The ,Paris Agreement™ was adopted at the 21st Conference of the Parties
(COP21) of the UNFCCC in Paris on December 12, 2015.

It aims to keep global warming to “well below 2 °C" relative to pre-industrial v—
levels and to "pursue efforts to" limit the temperature increase to 1.5 °C. i

13 v

PARIS2015 An IPCC Special Report on the impacts of global warming of 1.5°C
COP21-CMP11 above pre-industrial levels and related global greenhouse gas emission pathways,
in the context ofstrengthening the global response to the threat of climate change,

- sustainable development,jand efforts to eradicate poverty



Part 2

Qualitative analysis of climate change mitigation
and sustainable development in the SR15
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A qualitative analysis of climate change mitigation options

Chapter 5 aimed to provide a review of synergies & trade-offs
between various mitigation strategies and sustainable development

Dozens of scientific manuscripts and meta-studies were classified according to ...
. 17 Sustainable Development Goals

- 23 mitigation options
= @Grouped in three domains: Energy demand, energy supply, land & oceans
= Including efficiency, fuel switch, nuclear, carbon capture & storage (CCS) ...

- Indicators for the direction and strength of the interaction
= From “Inextricably linked” (+3) to “Makes it impossible to reach” (-3)

- Level of confidence (evidence and agreement)

L -



A qualitative assessment of mitigation options & SDGs

Demand-focused mitigation strategies have many synergies

and few trade-offs with SDGs

For each combination of mitigation option
and SDG, SR15 authors made a detailed
assessment based on the literature.

The entire analysis is available as a table
in the Supplementary Material.

Figure 5.2. Synergies and trade-offs of
individual mitigation options with the SDGs
Special Report on Global Warming of 1.5°C (SR15)
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2) The shade of a segment

indicates the level of confidence
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Part 3

An ensemble of quantitative pathways
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[...] To prevent 2.7 degrees of warming, the
report said, greenhouse pollution must be
reduced by 45 percent from 2010 levels by 2030,
and 100 percent by 2050. It also found that, by
2050, use of coal as an electricity source would
have to drop from nearly 40 percent today to
between 1 and 7 percent. Renewable energy
such as wind and solar, which make up about
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Diving into the 'Summary for Policymakers’ (SPM)

The IPCC assessed a large ensemble of emissions pathways

The Summary for Policymakers of
the IPCC Special Report on Global
Warming of 1.5°C (SR15).

Summary for Policymakers

C. Emission Pathways and System Transitions Consistent with 1.5°C
Global Warming

C.1  In model pathways with no or limited overshoot of 1.5°C, global net anthropogenic CO, emissions
decline by about 45% from 2010 levels by 2030 (40-60% interquartile range), reaching net zero
around 2050 (2045-2055 interquartile range). For limiting global warming to below 2°C" CO,
emissions are projected to decline by about 25% by 2030 in most pathways (10-30% interquartile
range) and reach net zero around 2070 (2065-2080 interquartile range). Non-CO, emissions in
pathways that limit global warming to 1.5°C show deep reductions that are similar to those in
pathways limiting warming to 2°C. (high confidence) (Figure SPM.3a) {2.1, 2.3, Table 2.4}

C.1.1  CO, emissions reductions that limit global warming to 1.5°C with no or limited overshoot can involve different portfolios of
mitigation measures, striking different balances between lowering energy and resource intensity, rate of decarbonization,
and the reliance on carbon dioxide removal. Different portfolios face different implementation challenges and potential
synergies and trade-offs with sustainable development. (high confidence) (Figure SPM.3b) {2.3.2, 2.3.4, 2.4, 2.5.3}

10 AAnddalladd 4l ot linais alabol COF sasith IH - bont 1 ) "

C.1 In model pathways W|th no or I|m|ted overshoot of 1 5°C, global net anthropogenic CO, emissions
decline by about 45% from 2010 levels by 2030 (40-60% interquartile range), reaching net zero
around 2050 (2045-2055 interquartile range). [...] {2.1, 2.3, Table 2.4}

—n'Un‘tU_ETTTrSSIUﬂYpTUVTU'E'mTEtmm rmeandie pUpUId o mediiutr DETET T dir 1.3 C moaer pdllleyb \lllyll cormaericey
(Figure SPM.3a) {2.2.1,2.3.3,2.4.4,2.5.3,4.3.6,5.4.2}




The scope of integrated assessment models

IAMs (aim to) encompass the entire human & earth systems
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Where do the “"model pathways” come from? (I)

A rigorous assessment of quantitative, model-based pathways
requires more information than what is available in the publication

The IPCC assesses available scientific, technical and socio-economic literature relevant to
understanding the scientific basis of climate change

= Published in peer-reviewed journals or eligible grey literature
(e.g., IEA, industry reports)

= In most cases, it is sufficient to extract relevant insights from manuscripts or reports

But relying only on published manuscripts & supplementary material
for quantitative scenarios across studies and projects is challenging

= Numerical model results are not presented in the same data format

= Only a selection of numerical results presented in manuscript and supplements
e.g., only indicators of interest in relation to the specific research question

I = Definitions and units differ across models and studies



Where do the "model pathways” come from? (II)

We conducted a “call for scenarios” to collect an ensemble of pathways
to facilitate the quantitative assessment I D C C

The “Integrated Assessment Modeling Consortium” (IAMC), @ wies ea pac o
the IPCC and IIASA launched a systematic community effort

= Building on the process used for the Fifth Assessment Report (AR5)

= To provide SR15 authors with a curated set of internally consistent
and validated scenarios

= Increase transparency & reproducibility of the assessment

Process of the scenario ensemble compilation

o -5 -8

Call for submission Submission Verification of completeness Repository Exploration
of scenatrios and compilation and validation and assessment

. Figure 1, Huppmann et al., Nature Cimate Change 8:1027-1030 (2018). doi: 10.1038/s41558-018-0317-4

Reuse of scenarios
by other disciplines



https://doi.org/10.1038/s41558-018-0317-4

The "line of sight” of the SR15 scenario ensemble

We developed a suite of open tools to dive into the SR15 analysis

Interactive online scenario explorer at gg,nge of aS)sumptions of socio-economic drivers
.. . igure 2.4
data.ene.iiasa.ac.at/iamc-1.5c-explorer

Notebook sr15_2.3.1_range_of _assumptions

The SR15 SPM and chapters are still undergoing copy-edits and revisions as part of the tricklebacks from the ap-
proval plenary. The assessment, statistics tables and figures shown here is therefore still subject to change.

[6 @ 1wic 1.5° scenario Explorer hosted by 1ASA reease 10

Socio-economic drivers in 1.5°C pathways

This workspace shows the range of socio-economic assumptions and drivers in pathways limiting global warming to 1.5°C by the end of the

Population EEv EEEBO 48 B = .
13 4(a) - IPCC SR15 scenario assessment
90 scenarios 1 variable 1 region =
. .
Assessment of underlying drivers and
‘g‘ . % International Institute for
= — | ED assumptIOIlS " Applied Systems Analysis
=3 All scenarios
§ 107 1.5C pathways This contains the 't of underlying drivers and assumptions of the scenario ensemble ITASA
t_;i in Section 2.3.1 and Figure 2.4 for the IPCC's "Special Report on Global Warming of 1.5°C".
a
I3 ThesedIn [10]: fig, ax = plt.subplots(2, 2, figsize=(8, 6))
Pullrequests Issues Marketplace Explore
pop = df.filter(variable='Population')
Lo pop.convert_unit({'million’: ['billion', 1/1
201 202 20% 2000 20% 2 2 20 205 2 1i lot_with ki 01[0], TIRE! 1 o . . .
2000 2010 2060 2080 2100 e ’ ’ “ R " “ : ” a SIS RO T s (O[O Doy e [ iiasa / ipcc_sr15_scenario_analysis @unwatch> 10 skunstar 9 | YFork 1
gdp = df.filter(variable='GDP|PPP')
Final energy demand [ 2e@o0o 42 B8 = In [1]: impor gdp.convert_unit({'billion US$2010/yr': ['tr. 5 . . .
4(c) —
1200 4(c) impor: line_plot_with_markers(ax[0][1], gdp, 'Gross <> Code Issues 7 Pull requests 0 Projects 0 Wiki Insights Settings
< 90 scenarios 1 variable 1 region = impor;
5 ] impox i = Lfi i ="Fi ' N . . . .
@ 1000 ;m:ot ﬁ::iploifwiit:;(r;:;;?:?1 ]f;??lffgz?y.;m Scenario analysis notebooks for the IPCC Special Report on Global Warming of 1.5°C  https://data.ene.iiasa.ac.at/sr15_sce... Edit
° impox; - - .
& i 15 li h: li h, itigati h lysi i Manage topics
g 800+ plt.s food = df.filter(variable='Food Demand') U=S § o - - oy HE T - e o
8 ?jmats line_plot_with_markers(ax[1][1], food, 'Food
mpor:
3 600 - H et D 9 commits ¥ 2 branches © 1release 22 1 contributor &s Apache-2.0
5 ax[0][0].legend(loc=1)
& o fig.tight_layout()
® 400 h
= 0 " < Branch: masterv  New pull request Create new file ~ Upload files  Find file
2600 @ —-- s g ®)
200 4 2 . 2 & 1000
T T T T T - e - _ —_— § E danielhuppmann formatting update Latest commit 5852396 on 2 Nov
2020 2040 2060 2080 2100 s ) §n —LED s 0
: © :“;?"E;r £ @0 s _static add content for first release 2 months ago
Figure 2.4 | Range of assumptions about socio-economic drivers and projections for energy and food demand in the pathways available to this 5 petwee | g
assessment. 1.5°C-consistent pathways are blue, other pathways grey. Trajectories for the illustrative 1.5°C-consistent archetypes used in this Chapter (LED, S1, S2, S5; F E 400 8 assessment formatting update a month ago
8
referred to as P1, P2, P3, and P4 in the Summary for Policymakers.) are highlighted. S1 is a sustainability oriented scenario, S2 is a middle-of-the-road scenario, and S5 is a < s ? x . . X
fossil-fuel intensive and high energy demand scenario. LED is a scenario with particularly low energy demand. Population assumptions in 52 and LED are identical. Panels show H p— B8 bibliography import table for scenario references 2 months ago
(a) world population, (b) gross world product in purchasing power parity values, () final energy demand, and (d) food demand. 7 g’ 0 i data add content for first release 2 months ago
2020 240 2060 2080 2100 2020
1200 o= [ further_analysis add notebooks for analysis beyond the SR15 a month ago
1 1 1 N _ © w000 @
Figure 2.4 as printed in the SR15 (www.ipcc.ch/sr15) -
v 3 ars0
E 00 =; 3500 B .gitignore add gitignore 2 months ago
Rendered notebooks to enerate fl u reS a nd ta bles at 3 @0 gnso P [E) AUTHORS.md add content for first release 2 months ago
3 £ 000
g g "i‘ 200 g . ﬂ [2) LICENSE Initial commit 2 months ago
.. . . & &
data.ene.iiasa.ac.at/srl5 scenario analysis = =1 _§ Bnonee saenores #monihe zae
. : : . 2020 2040 2060 2080 2100 2020
[E) README.md fix link in README a month ago

$ git clone git@github.com:iiasa/ipcc srl5 scenario analysis.git
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Increasing the “"FAIRness” of the IPCC assessment

Going beyond efforts in AR5, we followed the FAIR principles
to increase transparency and reproducibility of the scenario assessment

P e——

Findable Use proper recommended references including DOIls for data and notebooks

Make data and notebooks available for multiple levels of user sophistication

Accessible as well as via common machine-readable API’s

Use common data template developed by the IAMC

Interoperable Analysis using open-source Python package pyam

Data and assessment notebooks released
under licenses that enable follow-up research

I Wilkinson, M. D., et al. (2016). Scientific Data 3:160018. doi: 10.1038/sdata.2016.18

Reusable



https://doi.org/10.1038/sdata.2016.18

Findable

Use appropriate references & metadata for each item

Separate treatment for distinct pieces of the scientific “supply chain”
- Scientific assessment: Chapter 2 of the SR15 and Annex

- Scenario ensemble (data)
- Notebooks for scenario assessment

- Scientific software package
- Journal manuscript on scenario ensemble compilation and user guidelines

= Each item has its own recommended citation and DOI
= Use proper versioning for each item (data & software release cycle)

L -



Accessible (I) — machine-readable formats

The infrastructure provides multiple entry points & interfaces

- Scenario ensemble data:
= Downloadable as xlsx and csv
= Accessible via a RestAPI from the Scenario Explorer backend

Range of assumptions of socio-economic drivers
(Figure 2.4)

d Assess I I l e n t n Ote boo kS Notebook sr15_2.3.1_range_of assumptions
The SR15 SPM and chapters are still undergoing copy-edits and revisions as part of the tricklebacks from the ap-
- - - - ary. The assessment, statistics tables and figures shown here is therefore still subject to change.
[}
= Distributed via GitHub ) GitHub
IPCC SR15 scenario assessmen t
- Assessment of underlying drivers and .

= Also available as rendered notebooks assumptions L g

ins the assessment of underlying drivers and assumptions of the scenario ensemble | | A S A

in Section 2.3.1 and Figure 2.4 for the IPCC's "Special Report on Global Warming of 1.5°C".

- Scientific software
= Maintained on GitHub ) GitHub
= Available via conda & pypi T

Load pyam package and other dependencies

Rendered notebooks to generate figures and tables at
data.ene.iiasa.ac.at/srl5 scenario _analysis



https://data.ene.iiasa.ac.at/sr15_scenario_analysis

Accessible (II) — for human users

A new “IAMC 1.5 °C Scenario Explorer hosted by 11ASA”

Using “workspaces” to manage figures & data tables |
mcIudmg pre -defined panels repllcatlng SR15 ﬁgures e

\ Integrated Assessment /

° & AmCLsCsce er hosted by IASA re © Workspa \. Modeling Consortium /
The energy system in the four illustrative pathways \ ar tium.org /
This workspace shows the transformation of the energy system towards no- and low-carbon fuels in the four illustrative pathways. It is based on Figure 215 in Chapter 2 of the SRLS NG

\5 "3‘ JAMC 1.5°C Scenario Explorer hosted by TTASA rel

Welcome to the IAMC 1.5°C Scenario Explorer hosted by TASA

jorkspace or create a LED - A pathway of low energy demand

III | I i N S1-Susta|nab|I|ty E=v =wpo sk

1 scenario O variables

Documentation and additional information

5EEn " N B A

1 model Primary Energy|Biomass
Primary Energy|Fossillw/ CCS

1 scenario coal, gas, conventional and unconventional oil primary energy
consumption used in combination with CCS (EJ/yr)

The scenario explorer provides documentation [l S ie e
1 region Primary Energy|Geothermal

and references for models, scenarios & variables i el I

Primary Energy|Solar

Visit the IAMC 1.5°C Scenario Explorer at ST
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer Fiman EnergviGesan
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Scenario explorer workspaces “in the wild”

A few weeks ago on Twitter...

2.0 @ Workspaces Downloads Documentation License

D I Scu Ssi O N i N th e SC I e ntifl C I ite ratu re iir;ictzllt?)g;(&ag2f:naar:itil);efhnology costs of solar photovoltaics (PV) inmost [ |[+] =]

Some background on assumptions on PV in recent scenarios (published here: https://iopscience.iop.org/article/10.1088/1748-9326/aac4f1) and part of the SR1.5

(and on Twitter) about assumptions ==

Capital cost for solar photovoltaics (PV) Cost assumptions for PV
While the newest REMIND model version REMIND 2.0 features regionally

- L]
Of PV ‘ OStS I I l I I I Od e I S l I Sed I I I ; R 1 ; - 4 scenarios 1 variable L reglon differentiated technology costs and thus captures the currently observed cost
differences across regions, the REMIND 1.7 version used for studies that were

o

sessed in SR1.5 (so had to be published prior to January 2018) works with a
globally constant cost assumption, based on average values. As can be
observed on the left, endogeneous learning leads to lower technology costs in
scenarios with faster near-term scale-up (see below). The learning curve
v presentation in those pre-2018 studies have assumed a technology floor cost

of 310 $2005/kW (which in the meantime for REMIND 2.0 has been revised to
250 $2005/kW).

-

Nico Bauer
@NB_pik

US$2010/kW

Solar PV turn-key invest cost (not only module cost) from
Iatest REMIND version used in IPCC SR15. Most recent

n proof phase. URL fo
_ _ Electricity generation from PV Total electricity generation

4 scenarios 1 variable 1 region 4 scenarios 1 variable 1 region

tlt

@AukeHoekstra @hausfath @GunnarLuderer @IEA

10:50 PM - Feb 18, 2020 - Twitter Web App

\4 Retweets 26 Likes J
Thread at https://twitter.com/NB_pik/status/...



https://twitter.com/NB_pik/status/1229885893307224064

Interoperable

Apply common data standards and open-source packages

- Use common data template developed by the IAMC
= High-profile use case: IPCC Reports (AR5, SR15), EMF

...o
= Used by ~50 research teams gIobaIIy """" e ENGAGE
"'l Ilnks ..'-. cL MATE PATHW Ys
open & ENTRANCE *.®@®
A B C G H
1 Model Scenario Region Varlable Unlt 2005 2010 2015

2 MESSAGE CD-LINKS 400 World Primary Energy EJ/y 462.5 500.7 ...

- Assessment using an open-source Python package

= Scenario analysis & visualization toolbox based
on collaborative scientific-software practices

pyam: analysis and visualization
of integrated assessment scenarios

DOI 10.5281/zenodo.1470400 f JOSS 10.21105/joss.01095
Rep y hosted Communit; y supported by Documentation hosted by

I = Documentation: pyam-iamc.readthedocs.io , . .
€) GitHub [MGroupsio 5" slack Read the Docs



https://pyam-iamc.readthedocs.io/

Reusable (I)

All items of the scientific supply chain are released
under licenses that enable follow-up research and re-use

Scenario ensemble data:
= Custom license modified from Creative Commons CC-BY 4.0

= Aim: allow re-use for scientific research and science communication
but keep IAMC 1.5°C Scenario Explorer as “gateway” for entire dataset

= Why? anticipating updates, we want to avoid multiple out-of-sync versions
- Assessment notebooks (Licensed under Apache 2.0, distributed via GitHub)

- Scenario ensemble manuscript:
= Bound by Springer-Nature policy
= But: distribute Readcube link for free access on personal website and social media,

I share post-print version on IIASA website after embargo period



Reusable (II)

The scenario set is an unstructured “ensemble of opportunity”

The data was compiled from studies & reports addressing various research
questions and based on differing scenario designs and underlying assumptions.

A user’s guide to the analysis and interpretation of scenario ensembles

Don’t interpret the scenario ensemble as a statistical sample or as likelihood/agreement.
Don’t focus only on the medians, but consider the full range over the scenario set.

Don’t cherry-pick individual scenarios to make general conclusions.

Don’t over-interpret scenario results and don’t venture too far from the original question.

Don’t conclude that the absence of a particular scenario (necessarily)
means that this scenario is not feasible or possible.

Based on Box 1, Huppmann et al., Nature Climate Change 8:1027-1030 (2018).
doi: 10.1038/s41558-018-0317-4 | paywall-free access: rdcu.be/9i8a



https://doi.org/10.1038/s41558-018-0317-4
https://rdcu.be/9i8a

Dealing with data errors (after publication)

Using GitHub “Issues” to track errors in the scenario ensemble

Pull requests Issues Marketplace Explore

[l iiasa / ipcc_sr15_scenario_analysis ’?, i@ IAMC 1.5°C Scenario Explorer hosted by IIASA release 2.0 License About
ITASA

Code (@lssues 8 Pull requests 0 Actions Projé Release notes of the data ensemble
Release 2.0 (August 8, 2019)

This release coincides with the approval and acceptance of the IPCC's Special Report on Climate Change and Land (SRCCL). The data was extended
by several timeseries on prices related to agriculture. To acknowledge the significant contribution by several authors of the SRCCL regarding the
additional analysis and extension of the scenario ensemble, the list of authors was amended and a new DOI was issued for the extended data.

Filters ~ label:"data release 1.1" © Labelg
m Clear current search query, filters, and sorts

One data issue identified since Release 1.1 was also corrected in this release, namely an incorrect aggregation of prices at the regional (R5) level. To

® 10pen v 8 Closed Author " . . . . .
mitigate any confusion, all erroneous data was removed as part of this release. This change does not have any impact on the assessment in the IPCC
a . . SR15.
© Incorrect regional data for 'POLES|EMF33* scenarios l
#12 opened on 28 Jan by danielhuppmann Detailed list of changes
@& License clarification _ « Additional timeseries data on prices related to agriculture for the implementations of the Shared Socioeconomic Pathways (SSP) included in the
#10 by rgieseke was closed on 8 Feb scenario ensemble.
* Aggregation error for regional price timeseries (R5) computed from native model regions during submission. All affected data was removed from
@ Blank values for cumulative BECCS metadata [SSisieieay the interactive Scenario Explorer as part of this release. See issue #19 for details.

#9 by kellytrout was closed on 8 Feb

Release 1.1 (February 7,2019)

(& 'Price|Agriculture|***|Index' indexed to incorrect year il

|datarelease 1.1 This release includes additional timeseries data to increase reproducibility of the figures and tables in the SR15, and it corrects a number of data
#7 by kvcalvin was closed on 8 Feb issues identified since Release 1.0. None of the changes have any impact on the assessment in the SR15.
(& Missing variables for harmonised emissions ('Diagnosti Detailed list of changes
iamc15 data i . . . . . .
_ e Reporting error for primary energy from fossils (aggregate) submitted by the 'MESSAGE-GLOBIOM 1.0' scenarios as part of the 'EMF33' project.

#5 by danielhuppmann was closed on 8 Feb . .
See issue #1 for details.

See github.com/iiasa/ipcc sr15 scenario analysis/issues and
data.ene.iiasa.ac.at/iamc-1.5c-explorer/#/about for more information



https://github.com/iiasa/ipcc_sr15_scenario_analysis/issues
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer/

Part 4

Using the scenario ensemble
to gain insights on the SDGs
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Assumptions & drivers across the scenario ensemble

There are pathways reaching the Paris 1.5°C temperature goal

across a broad range of socio-economic development .
"N 82
Population Gross Product —_- S5
13 i 13
(@) (b) — LED
@ 12 1 1000 - o all scenarios
/ 1.5°C pathways
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o I S
= w
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More information on the

Based on Figure 2.4 IPCC SR15 (2018) scenario ensemble, the SDGs, and
Source code to generate this figure available at open tools supporting the IPCC SR15
github.com/iiasa/ipcc sr15 scenario analysis at https://pure.iiasa.ac.at/15824



https://github.com/iiasa/ipcc_sr15_scenario_analysis
https://pure.iiasa.ac.at/15824

Assumptions & drivers across the scenario ensemble

There are pathways reaching the Paris 1.5°C temperature goal

across a broad range of socio-economic development
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https://pure.iiasa.ac.at/15824

Bioenergy and carbon capture & sequestration (CCS)

Many pathways consistent with the Paris temperature goal

use bioenerqy in conjunction with CCS - but not all scenarios!

Cumulative carbon sequestration Bioenergy with CCS

9 INDUSTRY, INNOVATION
ANDINFRASTRUCTURE
-
CLIMATE

N
o
1

=
o
1

Number of
1.5°C scenarios

o
l

N
o
1
1

Number of
2.0°C scenarios

500 1000 1500 2000 0 500
Cumulative carbon sequestration from 2020 until 2100 (in Gt CO,)

Based on Figure 1, Huppmann et al.,

Nature Climate Change 8:1027-1030 (2018).
Source code to generate this figure
github.com/iiasa/ipcc_sr15 scenario_analysis

[=]
h
[=]

More information on the

scenario ensemble, the SDGs, and
open tools supporting the IPCC SR15
at https://pure.iiasa.ac.at/15824



https://github.com/iiasa/ipcc_sr15_scenario_analysis
https://pure.iiasa.ac.at/15824

Energy efficiency improvements

All pathways consistent with the ambitious Paris temperature goal
exhibit much faster energy efficiency improvements than 2°C scenarios

Pathways reaching e | Huppmann et al., Conference Poster (2019).

5] the goal of staying |- & https://pure.iiasa.ac.at/15824
below FIETel/ = P | SOUrCe code to generate this figure

A at end of century &‘“ﬁ" github.com/iiasa/ipcc_sr15 scenario_analysis
Pathways exceeding [

warming of 2°C

E)/million US$2010
w

=
M
[=]

More information on the

scenario ensemble, the SDGs, and

2020 2940 2060 2080 210-0 2030 2050 .2100 open tools supporting the IPCC SR15
Energy efficiency computed as total of final energy per unit of GDP at https://pure.iiasa.ac.at/15824



http://pure.iiasa.ac.at/15824
https://github.com/iiasa/ipcc_sr15_scenario_analysis
https://pure.iiasa.ac.at/15824

Part 5

Near-term policy outlook
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Policy implications for near-term developments

We need fundamental socio-economic transformation in key sectors
to avert dangerous global temperature increase
with potentially irreversible impacts

- Current policies are insufficient to meet 2°C target

- More ambitious climate pledges are needed ©
as part of the “ratcheting up” process POLICES TO LOWER

EMISSIONS MUST TRIPLE

@ REDUCTIONS IN GHG 5-201
EMISSIONS REQUIRED v

FROM ALL SECTORS

= Specific short-term measures: PEFouD 0 Al
1) Increase efficiency )
2) Electrify © i N ﬁﬁréz;faz;af-?“’
3) Decarbonise power o ADECADEAGD
4) Replace residual fuels I
“United in Science” high-level synthesis report of latest climate science e Y7 OF COr IN 2018

by the Science Advisory Group of the UN Climate Action Summit 2019
h public.wmo.int/en/resources/united in_science


https://public.wmo.int/en/resources/united_in_science

PSA: The Young Scientist Summer Program at IIASA

Every summer, dozens of PhD students spend three months in Laxenburg
to work on their dissertation — supported and mentored by IIASA researchers!

If...

... you are a PhD student and

... working on a dissertation topic related to the SDGs
(or methodologies that can be applied in that context)

= Visit iiasa.ac.at/yssp and mark your calendars to apply for summer 2021
Deadline: January 11, 2021

= Reach out to researchers at IIASA well before the deadline
to receive feedback on your ideas!

L -


https://iiasa.ac.at/yssp

Thank you very much for your attention!

Dr. Daniel Huppmann
Research Scholar — Energy Program

International Institute for Applied Systems Analysis (IIASA)
Laxenburg, Austria

huppmann@iiasa.ac.at
yJ @daniel_huppmann
www.iiasa.ac.at/staff/huppmann

This presentation is licensed under a Creative Commons

Attribution 4.0 International License M

______-A



http://iiasa.ac.at
https://twitter.com/daniel_huppmann
https://www.iiasa.ac.at/staff/huppmann
https://creativecommons.org/licenses/by/4.0/
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A suite of open tools to work with 1.5°C scenarios

Making it easy and FAIR to dive into the SR15 scenario assessment

- A new interactive online scenario explorer: data.ene.iiasa.ac.at/iamc-1.5c-explorer

D. Huppmann, E. Kriegler, V. Krey, K. Riahi, J. Rogelj, S.K. Rose, J. Weyant, et al. (2018)
IAMC 1.5°C Scenario Explorer and Data hosted by IIASA. doi: 10.22022/SR15/08-2018.15429

- Assessment and generation of figures & tables using open-source Jupyter notebooks

= Rendered notebooks: data.ene.iiasa.ac.at/sr15 scenario analysis
= GitHub repository: github.com/iiasa/ipcc_sr15 scenario analysis E E
= Based on open-source package pyam: pyam-iamc.readthedocs.io
D. Huppmann et al. (2018) Scenario analysis notebooks for the IPCC SR15.
_ EI )
D. Huppmann et al. (2018). A new scenario resource for 1.5 °C research. _ _
Nature Climate Change, 8:1027-1030. ~ More information on the
scenario ensemble, the SDGs, and

doi: 10.22022/SR15/08-2018.15428
doi: 10.1038/s41558-018-0317-4 | paywall-free access: rdcu.be/Si8a open tools supporting the IPCC SR15
at https://pure.iiasa.ac.at/15824

. Description of ensemble compilation and assessment process



https://data.ene.iiasa.ac.at/iamc-1.5c-explorer
https://doi.org/10.22022/SR15/08-2018.15429
https://data.ene.iiasa.ac.at/sr15_scenario_analysis
https://github.com/iiasa/ipcc_sr15_scenario_analysis/
https://pyam-iamc.readthedocs.io/
https://doi.org/10.22022/SR15/08-2018.15428
https://doi.org/10.1038/s41558-018-0317-4
https://rdcu.be/9i8a
https://pure.iiasa.ac.at/15824

A new scenario logic for the Paris long-term temperature goal

Going beyond bounds on cumulative emissions to specific policy choices

Previously, many IAM studies used a constraint on cumulative GHG emissions.

PEAK WARMING

A cumulative CO,
emissions until net zero
define magnitude of

peak warming

peak GMT rise (°C)

Imu ative )
from 2010 (GtCO,)

TIMING OF PEAK WARMING

timing of net zero CO,
emissions broadly
determines time of
peak warming

TRANSITION

Rogelj, Huppmann, et al. (2019). Nature 573(7774):357-363.

doi: 10.1038/s41586-019-1541-4
paywall-free: rdcu.be/bRpWa

This emphasised end-of-century warming
and it puts a lot of (implicit) weight on
discount rates, future technology availability,
CDR, BECCS, etc.

We propose a new scenario logic closely
following the text of the Paris Agreement.

Policy choice Corresponding to

Year of net-zero Year of peak warming

Ambition until net-zero  Level of peak warming

Long-term CO2 removal Temperature reduction rate


https://doi.org/10.1038/s41586-019-1541-4
https://rdcu.be/bRpWa

