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Summary

Chapter 2 makes false statements about equilibrium
and simulations, often using vague and unscientific
terms. Furthermore, the report states that the IPCC
emissions solution has only a 50-66 percent chance of
lowering CO,. Planting a tree is 100% (See Chapter 2 of
the report at
https://www.ipcc.ch/site/assets/uploads/sites/
2/2019/05/SR15_Chapter2_Low_Res.pdf)

Equilibrium

One of the most important statements in the entire
chapter has no references to other published works:
“Available pathways that aim for no or limited (less than
0.1°C) overshoot of 1.5°C keep GHG (Greenhouse Gas)
emissions in 2030 to 25-30 GtCO2e yr-1 (25-30 billion
tons of carbon dioxide emissions per year) in 2030
(interquartile range)” (Page 95, 2" column 1°
paragraph). This statement appears to say that we need
to lower the emissions to reach an equilibrium of 25-30
GtCO2e yr-1, but there are no published papers to
support this assertion. When | challenged the accuracy
of this statement, | received the following response
from an IPCC research scholar and chapter scientist of
Special Report 1.5, Chapter 2: “Mitigation .. .”

“Dear Dave,

Thank you very much for your question on the
assessment of quantitative pathways in the SR15.

The statement is taken from Table 2.4, bottom section,
third row, first column, rounded to multiples of 5.

The assessment in this table is based on the ensemble
of quantitative pathways compiled by the IAMC and
[IASA for the IPCC SR15 process
(https://doi.org/10.22022/SR15/08-2018.15429).
(https://data.ene.iiasa.ac.at/iamc-1.5¢c-
explorer/#/workspaces)

Neither the statement nor the table does make any
assertion about an equilibrium; it is merely an
assessment of the pathways at a specific point in time
[bold added].

| do hope that this clarifies your request.

The International Institute for Applied Systems Analysis
(HASA) Schlossplatz 1, A-2361 Laxenburg, Austria”

Simulations

A scenario is only as good as its inputs and constraints.
This is especially true for predicting future values. The
constraints for emissions must be natural emissions.
These were not used; thus, wrong conclusions were
obtained. It appears that IPCC is using only past data to
predict future events. This explains why none of the
previous IPCC predictions, including the so-called
“Climate Emergency”, worked or will ever yield the
desired result.

Global emissions pathways (SPM Fig...®

| looked at their simulations and they are garbage
because they don’t have boundary conditions. Their
simulation shows NetZero at zero to in 2050. However
the IPCC and UN have started this false 12 year
doomsday garbage. This is why nothing they have
predicted has or will come true. Dr. Kevin Dayaratna
testified at the Oregon Carbon group with the correct
use of their simulations. He is correct about no
relationship between emissions of CO2 and
atmospheric CO2. They correlate to 363 ppm and are
not statistically significant.

CO, emissions regression by target

—e—CO2 Emission target

2017 value

2018 Value

3 £ 360 380 40 40 440

Use of Unscientific Terms
The document uses the unscientific terms highly (or
otherwise) likely six times, unlikely three times, and



highly (or otherwise) confident sixty-two times. In every
case, percent probability must be used.

Net Zero
The document uses a term Net Zero with no definition.

Rare Use of Probability Page 100 top.

“For limiting global warming to below 2°C
with at least 66% probability [bold added] CO2
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).1 {2.2, 2.3.3, 2.3.5, 2.5.3, Cross-
Chapter Boxes 6 in Chapter 3 and 9 in Chapter 4,
4.3.7} (p 95, 2" column 1%t paragraph).

“No pathways were available that achieve a
greater than 50-66% probability of limiting
warming below 1.5° C [bold added] during the
entire 21st century based on the MAGICC model
projections” (see p. 100, Table 2.1). The probability
is actually zero because the minimum residence
time is hundreds of years.

(No business would spend such a significant
amount of money (2.8 trillion dollars already spent
worldwide) on a project with only a 50-66% chance
of success.) Their probability is actually zero
because the minimum residence time for
atmospheric CO; is more than 200 years. (IPCC
2003) Some scientists say it is 300-500 years now.

Table 2.1| Classification of pathways that this chapter d long with the number of availabl dass. s
e MAGICC model 10 ARSWGIN (Clrke et o, 2014), asdetzed n Supplementzry Meterial 2.94.1.4
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Section 2.3.5 (Where 45% reductions in emissions
came from) “In contrast 1.5°C pathways with limited
overshoot available to this assessment show an
interquartile range of about 26-31 median 28 GTCO,e™
in 2030.” This is from a simulation not based in reality!
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Executive Summary

This chapter assessas mitigation pattways consistent with limiting
warming to 1.5°C above pre-industrial levels. In deing 5o, It explores
the following key questions: What role da CO, and non-CO, emissions
play? (2.2, 2.3, 24, 26) To what extent do 1.5°C pthways involve
uershaoting and returning belovs 1.5%C during the 215t eentury? 2.2,
2.3) What are the implications for transitians in energy, land use and
sustainable development? {2.3, 2.4, 251 How do palicy frameworks
aflecl lhe ability to limit warming o 15%C7 (2.3, 2.5 What are the
associated knowledge gaps? (2.6}

The assessed pathways describe integrated, quantitative
evolutions of all emissions over the Z1st century assodiated
with global energy and land use and the warld economy. The
assessment s contingent upon avallable integrated assessment
literature and model assumptions, and s complemented by other
studies with tifferent scone, for example, thuse focusing on indvidual
soctors. In recent years, integrated mitigation studies have improved
the characterizations of mitigation pathways. However, limitations
vemain, as climate damages, avoided Impacts, or sodietal co-benefits
afthe modelled i in lamgely for, while
concurrent rapid technelogical changes, behavioural aspects, and
uncertaindes about inpur data present continuous challenges. (high
confifence 12,13, 2.3, 2.5.1, 2.6, Technical Annex 2)

The Chances of Limiting Warming ta 1.5°C
and the Requirements for Urgent Action

Path istent with 1.5°C of i ik
lavels can be identified under a range of assumptions about

economic growth, technalogy and Ifestyles, |

Limiting warming to 1.5°C depends on greenhouse gas (GHG)
emissions over the next decades, where lower GHG emissions in
2030 lead to a higher chance of keeping peak warming to 1.5°C

{high confidente). Auallable pathways thataim for o or limted fess %<

than 0.1°C} avershoat of 1.5°C keep GHG emissions in 2030 to 25-30
GtCO2e yr' in 2030 (interquartle range}. This contrasts with median
estimates for cuent unconditional NDCs of 52-58 GIC0,2 ¥ in
2030, Pathwiys that aim for limiting warming to 1.5°C by 2100 after
a temporary temperature overshool rely on lame-scale deplayment
of carbon dioxie remavz| (CDR) measuees, which are urcertain and
ental clear risks, In model pathways with no or limiled overshout of
1.5°C, global net anthropogenic (U, emissions dacline by ahout 5%
from 2010 levels by 2030 (40-50% interquartile range), reaching net
2er0 around 2050 {2045-2055 interquartile range). For limiting global
warming to below 2°C with at least 66% probability €0, emissions
are orojected 1o dacling by 3bout 25% by 2030 in most pathways (10—
30% interquartile range) and reach net zero around 2070 (20652080
interquartile rangel.! 2.2, 2.3.3, 235, 2.5.3, Cross-Chapter Boxes 6 in
Chapter 3 and 9 in Chapter 4, 4.3.7}

Limiting warming to 1.5°C impliés reaching net zero €O,
emissions gl ducti
in_emissions of non-CO, forcers, particularly methane (high
confidence). such mitigation pathweys are characterized by enerqy-
demand reductions, decarhonization of slectricity and other fuels,
elecvification of energy end use, deep reductions in agricultural
emissions, 2nd same fom of COR with carbon storage on land or
sequestration in geological reservoirs. Low energy demand and low
demand for land- and GHG-intensive <ansumption qoads facilitate
limiling warming to as close 25 possible to 1.5°C. (2.2.2,2.3.1, 235,
2.5.1, Crass-Chapler Box % in Chaprer 2}

Homever,lack of glabal cooperation, lack of govemance of the required
enesgy and land and increases in re i
consumplion are key impediments to achieving 1.5°C pathways.
Governance chellenges have been related ta scenarios with high
inequality and hin the 1.5°C pathway lterature.
[231,232,25)

Under emissions in line with currant pledges under the Paris
Agresment {knowm as Nationally Determined Contributions,
of NDGs), global warming is expected fo surpass 1.5°C ahove
pre-industrial levels, even if these pledges are supplemented
with very challenging increases in the scale and ambition of
mitigation after 2030 (high confidence). This incieased action
anuld need to achieve net zero CO, amissions in ess than 15 years,
Evan if thiz is arhieved), temperatures would anly be experted to remain

below the 1.5°C threshold if the acwal geophysical resporse ends up
15 ot e s curanih i

Transition challenges as well a5 identified trade-offs can be reduced if
global emissions peak before 2030 and marked emissions reductions
compzred to today are already achieved by 2030, 2.2, 235, Cross-
Chapter Bax 11 in Chapter 4}

isan toa 2°C limit, the i ired to limit
warming to 1.5°C are qualitatively similar but more pronounced
and rapid over the next decadas (high confidence). 1.5°C implies
very ambitious, intemationally conperative policy environments that
transform both supply and demand (high confidencef, (2.3, 2.4, 251

Policies reflecting a high price on emissions are necessary
in models to achieve cost-effactive 1.5°C pathways (high
confidence). Other things being equal modelling stules suggest
the globzl averzge discounted marginal ebatement costs for limiting
warming to 1,5°C being about 34 times higher compared to 2°C
over the 21st century, with lange variations across models and socig-
economic and policy assumptions. Carbon pricing can be imposed
directly or implicitly by requlatory pelicies. Policy instruments, ke
tecalogy policies or performante standars, can complemnt explicit
«<arbon pricing in specific areas, [2.5.1,2.5.2, 44,5

. Limiting warming to 1.5°C requires a marked shift in investment

patterns fmedium confidence). Adeitional annual average energy-
selsted investments for the perior 2076 to 2050 in pathusays limiting
warting to 1.5°€ compared o pathways without new cinale pficies
beyond those in lsce totey fie. baseling) are esamated to he araund
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with 2 large fraction of this coal use combined with carbon capture
and storzge (CCS). From 2020 to 2050 the primary energy supplied
by ol declines in most pathways (-39 to —77% interquartile range),
Natural gas changes by —13% to -62% {interquartle ranges, but
some pathways show & marked increase albeit with widespread
deployment of CCS. The overall deployment of CCS veries widely
across 1.5°C pathways with no or limited avershaat, with cumulative
€0, stored through 2050 ranging from zera up 10 300 GICO,
[mmnnum -maximum range), of which 2ero up 10140 G1CQ, mmrw
from biomass. Primery crergy supplied by bioenergy ranges from
A0-310 Elyr ' in 2050 {minimum-maximum ranga), and nuclear from
3-66 EJ yr (minimum-maximum range). These ranges reflect both
uncertainties in technological development and serategic mitigation
portfolio choices. {2.4.2]

1.5°C pathways with no or limited overshoot indlude a rapid
decline in the carbon intensity of electricity and an increase:
in electrification of energy end use {high confidence). By 2050,
the carbon inensity of electricity decreases T —92 10 =11 6C0, MI-
(minimum-maximum: range) from about 140 gCO, M1~ in 2020,
and electicty covers 34-71% (minimum-maximum range) of fingl
energy acoss. 1.5°C pathways with no or limited overshaot from
about 20% in 2020, By 2050, the share of electidity supplied by
tenewsbl 0 59-97% fmi range) across
1.5°C pathways with g or limited overshoat, Pathways with higher
thances of holding warming to below 1.5%C generally shew a faster
decling in the carbon intensity of electricity by 2030 than pathways
, that temporarily overshoot 15°C. {2.4.1, 2,82, 2.4.3}

Links between 1.5°C Pathways and Sustainable Development

Choices about mitigation portfolios for limiting warming to
1.5°C can positively or negatively impact the achievement of
other socictal objectives, such as sustainable development
thigh confidence). In particular, demand-side and efficiercy
measures, and lifestyle choices that limit energy, resource, and
GHGrintensive food demand support sustainable development
(medium confidence). Limiting warming 10 1,5°C ¢an be achieved
synergisscally with poverty alleviation and improved energy security
and can provide large public healih benefits through improved air
quality, prewenting millions of premature deaths, However, specific
mitigalion measures, such s Livenengy. may result in trade-offs that
require consideration. [2.5.1,2,5.2, 2.5.3}

Transitions in glohal and regional land use are found in all
pathways limiting global warming ta 1.5°C with no or limited
overshoat, but their scale depends on the pursued! mitigation
portfolio (high confidence). Pathways that limit global warming to
1,5°C with o or fimited overshoot project a 4 millian kv reduction
toa 2.5 million km? increase of non-pasture agricultural land for faad
and feed crops and a 0.5-11 million km? recluction of pasture land,
to be converted into 0-6 million ki of agricultural land for energy
<rops and a 2 million km! reduction to 9.5 million km’ increase in
forests by 2050 relative to 2010 [medium confidence). Land-use
transitions of similar magnitude can be observed in modelled 2°C
pathways lrediim confidence). Such large transitions pose profound
challenges for susiainable management of the various demands on
land for human settlements, food, livestack feed, fibre, bivenergy,
carbon storage, biodiversity and other ecosystem semvices (high
conficence). 2.3.4,2.4.4)

w\s«.‘w\i&c
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Demand-Side Mitigation and Behavioural Changes

Demand-side measures are key elements of 1.5°C pathwrays.
Lifestyle choices lowering energy demand and the land- and
GHG-intensity of food consumption can further support
achievement of 1.5°C pathways (high confidence). 8y 2030 and
2050, all end-use sectors {induding building, trznspert, and industry)
show marked energy demand reductions in modelled 1.5°C pathways,
comparable and beyond those projected in 2°C pathways. Sectoral
modals support the scale of these reductions, (23,4, 2.4.3, 2.5.1}

Cheprer Mitigation Pathways Compatible with 15°C in the Context of Sustalnable Development
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ranging fram very rapid and deep nearterm decreases, failitated
by efficency and demand-side measures that lead to imited COR
requirements, to relatively slower but sull rapid emissians reductions
that lead to a temperature overshaot and necessitate large CDR
deployment later in the century (Sectian 2.3).

214 Wility of Integrated Assessment Madels
(IAMs} in the Context of this Repert

1AMs lie at the basis of the assessment af mifigation pathways in this
chapter, as much of the quantitative glebal scenario literature is derived
with such madals. 1M cambine insights fram various disciplines in &
single framework, resulting in & dynamic description of the coupled
energy-economy-land-cimate system that cover the largest sources
of amhropagenic greennowse gas {GHG) emissians from different
sectors. Many of the IAMs that contributed mitigation scenarios 1o this
assessment include @ process-based descriplion of the land systen in
zndition ta tha energy system (e.g., Popp et 21, 2017}, and several have
een extended to cover alr pollutants [Rao et al, 2017) and water use
(Hejezl et al., 2014; Fricke et 2l 2016; Mouratiadou et 2, 2016). Such
mtagrated pathways hence allow the exploration of the whale-systam
trarsfomation, as well as the interactions. synergies, and Tade-
offs between sectors, and, increasingly, questions beyond climate
‘mitigation fan Stechow et al, 201 51 The models da nat, hawever, fully
account for all constraints that could affect realization of pathways
see Chapter 4.

Section 2.3 assesses the overall characteristics of 1.5°C pathways
based on fullyinearated pathways, whik Sections 2.4 and 2.5 desoribe
underlying sectoral transformations, including nsights from sector-
specific assessment motels and petivays thal ere not derived from
1AMs. Such models provide detail n their domain of application anct
‘make exogenous assumptions about cruss-sectoral or global factors.
They often forus on a specic sector, such as the energy (Bruckner et
21, 2014; IEA, 2017; Jacobson, 2017; OECDVEA and IRENA, 2017),
buildings {Lucan et al, 2014) or transport (Sims et al,, 2014) sectay, or

100

a specilic country or region (Gianmakidis et al, 2018). Sector-specific
pathiways are assessed in relstion to integrated pathways because they
cannot be divectly linkad to 1.5°C by themselves if they do not extend
02100 or do not include all GHGs ar aerosals from all sectors.

ARS faund sectoral 2°C decarbonization stratgies from 1AM o he
consistent with sectorspeific studies {Clarke et al, 2012). A growing
body of literature on 100%-renewable anergy scenarios has emerged
(.0, sea Creuzig et &l 2017; Jacobson et al. 2017). which goes
beyand the wide range of IAM projections of renewsble energy shares
in 1.5*C and 2°C pathways. While the representation of renewable
@nergy resource potentials, technology casts and system infegrarion in
1AMs has heen updated since ARS, leading to higher renewable anengy
deploymens in many cases (Luderer ev al, 2017; Pietockes et al, 2017},
none of the 1AM projections identfy 100% renewable energy solutions
for the global enerqy system as pant of cost-effective mitigation
pathways (Section 2.4.2). Battam-ug studies find higher mivgation
potentials in the Induslry, buildings, and transpert sectors in 2030 than
realized in selected 2°C pathways fiom LAMS (UNEP 2017), indicating
the possibility to swengthen sectoral decarbonization sirategies until
2030 beyond the integrated 1.5°C pathways assessed in this thapter
{Ludera et al, 2018).

Detailed, protess-hased 1AMS are 2 diverse sat of madels ranging
fram partial equilibrium energy—and madels ta computable general
equilibrium madels of e global economy, from myapic o per{ect
technelogical change (Supplementary Material 25M.1.2). The \AM;
used in this chapter have limited 1o o coverage of dimate impacts.
They typically use GHG pricing mechanisms to induce emissions
veduetions and associated changes in energy and lan ses consistant
with the imposed climate goal, The scenarios generated by these
models are defined by the cheice of dimate goals and assumptions
about nearterm dimate policy develapments, They re also shaped!
by assumptions about mitigation potentials and technologies as well
as baseline rewelopments such zs, for example, those represented by
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Figure 2.11| Landhuse changes in 2050 and 2100 in the illustrative 1.5°C-consisten pathway i L 2017, Fulimer]

al, 2017; Grubler et al, 2018; Rage] et al, 201B). Crences 1 ar
235 Implications of Near-Term Action in 1.5°C Pathways

Less €0, emission reductions in the near term would require steeper
and deeper reductions in the longer term in order to meet specific
wamming tergets efterwards (Righi et al, 2015; Luderer et 2l, 2016ak
This i a direct consequence of the quasilinear reladionship between
the total cumulative amount of €O emitted into the amosphere and
giokal mean temperature rise (Matthews et 2l 2009; Zickfeld et al,
2009; Collns et al, 2013; Knutti and Rogelj, 2015, Besides this dlear
geophysical trade-off over time, delaying GHG emissions reductions
over the cornng years also leads to ecenomic and institutional lock-in
into carban-intensive infrastructure, that is, the continued investment
in and use of carbon-intersive technologies that are difficult or cosdy
to phase-out once deployed (Unruh and Cariille-Hermosilla, 2006
Jakob et al, 2014; Erickson et al, 2015; Steckel etal, 2015; Seto et al,
2016; Michaeluwa et al, 2018}, Swdies show that to meet stringent
climate targets despite near-term delays in emissions reductions,
models prematurely retire carbon-intensive infrastructure, in particular
coal without €CS (Bertram et &l, 2015a; Jahnson et &l. 2015).The ARS
reports that delaying mitigation action leads. to substantially higher
rates of emissions reductions afternards, a larger relianca on CDR
technalogies in the long term, and higher ansitional and lang-term
ecanamic impacts {Clarke et al, 2014). The literature mainky focuses
on delayed action until 2030 in the context of meeting a 2°C goal
(den Elzen et 2l 2010; van Yuwren and Rishi, 2011; Kriegler et al,
20130; Luderer et al, 2013, 20163; Ragel] et 21, 2013b; Riani et al,
2015; OECDIEA and IRENA, 2017). However because of the smaller
carban busdget consistent with limiting warming to 1,5°C and the
ansence of a dearly declining long-term trend in global emissions
to date, these general insights apply equally, or even more so, to the
more stringent mitigalion contest of 1.5°C<consistert pathways, This
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is further supported by estmates at committed emissions due to fossl
lueh-based infrastructure (Seto et al, 2016; Edenhofer ot al, 2018).

All available 1.5°C pathways that explore consisient mitigation action
from 2020 amwards pezk glabal Kyoto-GHG emissions n the next
decatle and alreatly decline Kyoto-GHG emissions to belaw 2010 levels
by 2030. The near-term emissions development in these pathways
¢an be compared with esimated emissions in 2030 implied by the
Natiorally Determined Contribufions (NDCs) subrmitted by Parties
to the Parls Agreement (Figure 2.13). Altogether, the unconditional
(conditional) NDCs are assessed to result in global Kyoto-GHG
emissians on the order of 52-58 (30-54) GtC0Ze yr—1 in 2030 [eq,
den Elzen et al, 2016 Fujmori et al, 2016; UNFCCC, 2016; Rogelj et
al, 2017; Rose et al, 2017h; Benveniste et al, 2018; rontisi et al,
2018; see Cross-Chapter Box 11 in Chapter 4 for detailed assessmen).
In contrast, 1.5°C pathways with imited overshoot available to this
assessment show an interquartile range of about 26-31 (median 28)
GAC0,2 g in 2030° {Table 2.4, Section 2.3.3). Based on these ranges,
this report assesses the emissions gap for a two-in-three chance of
limiting warming to 1.5°C lo be 26 (19-29) and 28 (22-33) GCO,e
(median and interquartie ranges) for conditional and uncanditional
NDCs, respectively {Cross-Chapter Box 11, applying G-t alues
from the IPCC Second Assessment Reporl). Fram, S A

e b 11 1
lwes Fon the IPCC Faurlh Assessirss Bax

Alcl 3%, watching sesen GUIP- 00 wslugs ot ha Socan > gL
et Rpat-16 e 5000 o1 0 more o, ebet 35 i 2230100 CC. 2016

The later emissions peak and decline, the more CO, will have
accumulated in the atmosphere. Peak cumulated €0, emissions —
and consequently pesk Tomperatures — increase with higher 2030
emissions levels (gure 2.12). Current NDCs (Cross-Chapter Box 11 in
Chapter 4) are estimated to lead to €0, emissians of about 400560
GHC0), from 2018 10 2030 (Rugel et al, 2016a). Available 1.5°C- and
2*C-consistent pathwrays with 2030 emissions in the range estimated
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