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Joint foreword

Itis our very great pleasure to present the second iteration of the NGFS’ climate scenarios. They represent a true milestone
in the race to better understand the risks from climate change.

The world is at a critical juncture where climate pathways could move in materially different directions: from a successful
transition to net-zero emissions by 2050; to a hot house world with global warming of 3°C or more by 2100. In the face
of such uncertainty, climate scenario analysis is a vital tool that helps us to prepare for a range of future pathways. And it
does this by focussing minds on a variety of different outcomes, challenging users to consider what risks and opportunities
might arise — and crucially, what action might be required today in light of these potential challenges tomorrow.

A major obstacle to undertaking this analysis has been the availability of detailed scenarios that analyse both the physical
and transition risks from climate change and their economic impacts. The challenges and costs of creating such scenarios
are beyond most individual firms or institutions, so it is against this background that the NGFS has developed a common
set of scenarios. These scenarios are designed to act as a foundation for analysis across many institutions, creating much
needed consistency and comparability of results. Indeed, a growing number of central banks, supervisors and private
firms are already using NGFS scenarios as a basis to better understand risks to financial systems, economies and their own
businesses and balance sheets.

Frank Elderson Sarah Breeden

Chair of the NGFS Chair of the workstream
on“Macrofinancial”

We are proud of how far these scenarios have come in a very short time. It was just one year ago that the NGFS released its first iteration of NGFS scenarios, a milestone in itself. The
first iteration provided a foundation for climate scenario exercises by offering a consistent set of pathways for global changes in policy, the energy system, and the climate. Whilst an
ambitious first step, these scenarios represented a foundation for future work.

This second iteration of the scenarios takes a huge step forward. Not only does it include a mapping to impacts at a country level, but it includes nearly 1,000 economic, financial,
transition and physical variables across six different scenarios. These have been created through a suite of models, supported by a consortium of world leading climate scientists
and modelling groups. The variables are calibrated to the latest available data and will be kept up to date in future iterations to ensure their continued relevance. And all variables
are made available for free on the NGFS website so that anyone can take advantage of the wealth of information they provide.

Huge strides have been made, but the opportunity to deepen scenarios further remains large. For this reason, the NGFS will continue to invest in developing these scenarios, and
to welcome views from others on where development can be most valuably focussed. In doing this, we remain cognisant that the modelling of future pathways that encompass
changes in policy and climate are subject to significant uncertainties and valuable debate. To help navigate this uncertainty the NGFS scenarios: provide six scenarios with variable
assumptions on future changes in policy and technology; utilise multiple models to provide a range of results and hedge against model bias; and are transparent on the underlying
models and methodologies used.

We are grateful to all of those that have contributed to these scenarios and look forward to seeing them applied in practice. After all, as we improve our understanding of how the
future can play out, we will be better equipped to take the actions that are needed today to reduce the risks of tomorrow.
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Overview of the scenarios




Key messages

Scenarios differ markedly in their physical and transition impacts, with significant uncertainty
in the size of the estimates and variation across regions.

« The NGFS Scenarios have been developed to provide a common starting point for analysing climate risks to the economy and financial system. While developed
primarily for use by central banks and supervisors they may also be useful to the broader private sector, government and academia.

« In this second iteration, the NGFS scenarios have been brought up to date, including by incorporating countries’commitments to reach net-zero emissions, and
have been enriched with an expanded set of macroeconomic variables, country-level granularity, and an online portal through which users can explore the physical
risks from climate change.

+ Reaching net zero CO, emissions by 2050 on a global basis will require an ambitious transition across all sectors of the economy. The NGFS scenarios highlight a few
important themes including rapid decarbonisation of electricity, increasing electrification, more efficient uses of resources, and a spectrum of new technologies
to tackle remaining hard-to-abate emissions.

« The impacts on the economy will be modest, and even positive depending on how smoothly the transition occurs. While stronger policy incentives will be needed
to spur on the transition, new economic modelling in this release suggests that higher private and public investment in new technologies and sectors would offset
impacts on both demand and supply.

« However, it is prudent to assess a wide range of outcomes across different sectors and regions given the potential uncertainties. The NGFS scenarios also highlight
the increased macro-financial risks that could crystallize in scenarios with divergent policies or delay followed by stronger action, and from physical risks.

N
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Objectives and framework

The NGFS scenarios explore the impacts of climate change and climate policy with the aim
of providing a common reference framework.

- The NGFS scenarios explore a set of six scenarios which are consistent with the NGFS framework (see figure) NGFS scenarios Framework
published in the First NGFS Comprehensive Report covering the following dimensions: JI‘E’ SEELC e OIS
— Orderly scenarios assume climate policies are introduced early and become gradually more stringent. Divergent
Both physical and transition risks are relatively subdued. Net Zero
(1.5°0) Delayed
~ Disorderly scenarios explore higher transition risk due to policies being delayed or divergent across £ tansition
countries and sectors. For example, carbon prices would have to increase abruptly after a period of delay. g
=
- Hot house world scenarios assume that some climate policies are implemented in some jurisdictions,but £ Neztoﬁg“’
globally efforts are insufficient to halt significant global warming. The scenarios result in severe physical (1.5°C)
risk including irreversible impacts like sea-level rise.
Current
- These six scenarios were chosen to show a range of lower and higher risk outcomes. The scenarios have policies
been further refined since the first iteration that was published in June 2020 to leverage the latest versions § Hot house world

of models, reflect the shifts in climate policy since 2018, and reflect the near-term IMF growth projection
from COVID-19 Low Physical risks High

Positioning of scenarios is approximate, based on an assessment of
physical and transition risks out to 2100.

N
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Scenario narratives

Each NGFS scenario explores a different set of assumptions for how climate policy, emissions,

and temperatures evolve.

[~ Net Zero 2050 limits global warming to 1.5°C through
stringent climate policies and innovation, reaching
global net zero CO, emissions around 2050. Some

zero for all GHGs.

< jurisdictions such as the US, EU and Japan reach net

Below 2°C gradually increases the stringency of
climate policies, giving a 67% chance of limiting global
\_ warming to below 2°C.

(" Divergent Net Zero reaches net zero around 2050 but
with higher costs due to divergent policies introduced

< across sectors leading to a quicker phase out of oil use.

Delayed transition assumes annual emissions do
not decrease until 2030. Strong policies are needed
_ to limit warming to below 2°C. CO, removal is limited.

[ Nationally Determined Contributions (NDCs)includes
all pledged policies even if not yet implemented.

Current Policies assumes that only currently
implemented policies are preserved, leading to high
_ physical risks.

Central Banks and

and Supenvisors
Network for Greening the Finoncial System

CO, emissions by scenario

Gt CO, / year

50
3°C

40

30
2.5°C

20
10 1.7°C
1.5°C
o | | | 1.5°C

2020 2030 2040 2050

Delayed transition === Divergent NZ
me NDCs

== Below 2°C

=== Current policies
=== Net Zero 2050 (1.5°C)

Source: IIASA NGFS Climate Scenarios Database, REMIND model.
End of century warming outcomes shown.

Carbon price development

USD (2010) t/CO,
800

1.5°C
700 15°C
600
500
400
300
200 1.7°C
100
2.5°C
0 | | 3oC
2020 2030 2040 2050

Delayed transition
=== Current policies
=== Net Zero 2050 (1.5°C)

== Divergent NZ
m NDCs
=== Below 2°C

Source: IASA NGFS Climate Scenarios Database, REMIND model.
Carbon prices are weighted global averages. End of century warming
outcomes shown.
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Scenarios at a glance

Scenarios are characterised by their overall level of physical and transition risk. This is driven
by the level of policy ambition, policy timing, coordination and technology levers.

Physical risk Transition risk
N T —
r r |
Category Scenario Policy ambition  Policy reaction Technology Carbon dioxide  Regional policy
change removal variation*
Orderly Net Zero 2050 Immediate and Fast change Medium variation
smooth
Below 2°C 1.7°C Immediateand  Moderate change
smooth
Disorderly Divergent Net Zero Immediate but Fast change Low use Medium variation
divergent
Delayed transition 1.8°C Delayed Slow/Fast change Low use High variation
Hot House World ~ Nationally ~2.5°C Low use
Determined
Contributions
(NDCs)
Current Policies B @ Low use

* See slide 18 for more details.
+ Risks will be higher in the countries and regions that have stronger policy. For example in Net Zero 2050 the EU, USA and Japan reach net zero GHGs by 2050, but globally only net
zero CO, is reached by this point.
A This assessment is based on expert judgment based on how changing this assumption affects key drivers of physical and transition risk. For example, higher temperatures are
correlated with higherimpacts on physical assets and the economy. On the transition side economic and financial impacts increase with:a) strong, sudden and/or divergent policy,
b) fasttechnological change even if carbon price changes are modest, ¢) limited availability of carbon dioxide removal meaning the transition must be more abrupt in other parts
of the economy, d) stronger policy in those particular countries and/or regions.

Central Bonks ond Supenisors
Network for Greening the Finoncial System

Colour coding indicates
whether the characteristic
makes the scenario more
or less severe from a
macro-financial risk
perspective”

. Lower risk

Moderate risk

Higher risk
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Transmission channels

Climate risks could affect the economy and financial system through a range of different
transmission channels.

- Transition risks will affect the profitability of
businesses and wealth of households, creating
financial risks for lenders and investors. They will also
affect the broader economy through investment,
productivity and relative price channels, particularly
if the transition leads to stranded assets.

+ Physical risks affect the economy in two ways.
- Acute impacts from extreme weather events

can lead to business disruption and damages
to property. There is some evidence that with
increased warming they could also lead to
persistent longer term impacts on the economy.
These events can increase underwriting risks

Climate risks

Transition risks

« Policy and regulation

+ Technology
development

« Consumer preferences

Physical risks
« Chronic (e.g.

Transmission channels

Climate risks to financial risks

Micro
Affecting individual businesses and households

Households

- Loss of income (from weather
disruption and health impacts,
labour market frictions)

« Property damage (from severe
weather) or restrictions (from
low-carbon policies) increasing
costs and affecting valuations

Property damage and business
disruption from severe weather
Stranded assets and new capital
expenditure due to transition
Changing demand and costs
Legal liability (from failure to
mitigate or adapt)

Macro
Aggregate impacts on the macroeconomy

Credit risk

Defaults by businesses
and households
Collateral depreciation

Market risk
Repricing of equities,
fixed income,
commodities etc.

Underwriting risk

Increased insured losses
Increased insurance gap

(SIEEENG Capital depreciation and increased investment : i
f : : bl | d . t | . precipitation, PRATUER Operational risk
or insurers, possiply leading 1o lower Insurance agricultural Shifts in prices (from structural changes, supply shocks) Supply chain disruption
. f . . L. Productivity changes (from severe heat, diversion of investment to -
coverage in some regions, and Impair asset values. Iper\?ec::)ctlwty, sea mitigation and adaptation, higher risk aversion) Ree bl

Chronic impacts, particularly from increased
temperatures, sea levels rise and precipitation,
may affect labour, capital, land and natural capital
in specific areas. These changes will require a
significant level of investment and adaptation

« Acute (e.g. heatwaves,
floods, cyclones and
wildfires)

Labour market frictions (from physical and transition risks)
Socioeconomic changes (from changing consumption patterns,
migration, conflict)

Other impacts on international trade, government revenues, fiscal
space, output, interest rates and exchange rates.

Liquidity risk
Increased demand for
liquidity
Refinancing risk

Economy and financial system feedback effects

Financial system contagion
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from companies, households and governments.

Climate and economy feedback effects
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Available data and resources

The NGFS scenarios provide a range of data on transition risk, physical risk and economic
impacts. This is produced by a suite of models aligned in a coherent way.

- Transition and economic variables are made
available in the NGFS Scenarios Database hosted
by IIASA. The transition pathways were produced
by three teams: PIK (REMIND-MAgPIE model), IIASA
(MESSAGEix-GLOBIOM model) and UMD (GCAM
model). Economic variables were produced by the
National Institute for Economic and Social Research
(NIESR) (NiGEM model).

+ Selected climate variables can be explored through
the NGFS CA Climate Impact Explorer hosted by
Climate Analytics. Additional data are available
via the ISIMIP project. Physical risk analysis was
supported by Climate Analytics, ETH Zurich and PIK.

« Key data and resources can be explored interactively
on the NGFS Climate Scenarios website.

NGFS

Banks and Supenvisors
Network for Greening the Finoncial System

Central

NGFS suite of models approach

Temperature
alignment*

Chronic climate
impacts
Earth System Models
Climate Impact Models

Transition pathways
Integrated Assessment
Models

Acute climate impacts
Natural Catastrophe
Models

1.5°C, 2°C, 3°C+

Carbon prices
and energy use

Country productivity
damages

Not yet
integrated

Macro-financial impacts
Macroeconomic Model

Il Data available in the IIASA portal

I Data available in the NGFS CA Climate Impact Explorer
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https://data.ene.iiasa.ac.at/ngfs/
http://climate-impact-explorer.climateanalytics.org/
https://www.isimip.org/outputdata/isimip-data-on-the-esgf-server/
https://www.ngfs.net/ngfs-scenarios-portal/

Cental Bon
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Uncertainty in climate scenarios

Climate risks could affect the economy and financial system through a range of different

transmission channels.

A key guiding principle of the project has been embracing the uncertainty inherent
in scenario modelling. This is captured in the following ways:

- Transition risk: the NGFS provides six different scenarios so that users can
explore how a range of different climate policy pathways change the results. For
each scenario, three different models were used to provide estimates of model
uncertainty. The uncertainty range for energy and industrial CO, emissions in
three of the six scenarios is shown in the right chart. Estimates of the amount
of emissions implied by current policies differ considerably in the medium term
(grey lines). There are also different estimates for when net zero CO, emissions
must be reached in order to limit warming to 1.5°C: 2050 for REMIND and GCAM
and 2060 for MESSAGEix (blue lines). There are other uncertainties that are not
captured due to modelling simplifications such as behavioural change, policy
heterogeneity and market allocation of capital.

« Physical risk: A visualisation tool, the NGFS CA Climate Impact Explorer, was
developed for this release to allow users to explore the range of possible
outcomes for different climate change indicators at the country level. It shows,
for example, the different level of precipitation or heatwave risk for a given rise
in mean average temperatures (‘'warming level’).

« Economic impacts: The sensitivity of the economic modelling was tested to
several assumptions, such as the choice of government policy (slide 39).

Differences in energy and industrial CO, emissions

Gt CO, / year
>0 S T Uncertainty in
-
---------".".'1-'-‘-"- future emissions
- “-l' . lied b
__------ qanmun?® . Implied by
40 _—-—"---. D s current policies
-
% s m——
30 LS
Sag, Uncertainty in timing of net
~*~. zero to reach a given
20 “~.~ temperature target
——
10
.l w lll "a iy
0 —
-10
2020 2030 2040 2050 2060

=== Net Zero 2050 (1.5°C)
= REMIND

Delayed transition
=== GCAM

=== Current policies
= = « MESSAGEix

Source: IIASA NGFS Climate Scenarios Database.

* Emissions estimates for 2020 were based on pre-pandemic trends as this data had not been finalised at the
time of the models runs. The pandemic was estimated to reduce emissions by approximately 7%. There is
in any case usually a +/- 5% level of uncertainty in estimation.
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Transition risks

Scenarios in detail




Understanding transition risk

Eliminating most greenhouse gas emissions will affect all sectors of the economy, and gives
rise to transition risks for the economy and financial system.

=
1
>
w
=
o
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. Transitioning away from fossil fuels and Sector GHG emissions Modelling climate policy and climate change
carbon-intensive production and consumption Net Zero 2050
requires significant shift towards emissions-neutral 5 tCOsearye Climate Impacts can be PN Socioeconomic
alternatives in all sectors (left chart). Policy-makers e pIA/\/Isstart e
. wi
can induce this transition by increasing the implicit fr:]'maacttes hypothetical
. . . P baseline based
cost of emissions. As it takes time to develop and Cimate model on the SSPs
. . . . . Imate modeils
deploy alternative technologies, climate policies 10 can be aligned Energy &
lead to high ts in the interi to assess Land Use
may lead to higher costs in the interim. physical impacts st changes
. Climate in ecr;ergly, Iand—;s;
o iti 5 Change and policy neede:
The NGFS transition pathways have been modelled 9 to meet carbon budget
using three detailed integrated assessment e . Emissions
s estimate
models (|AMS)*. They can be used to assess the temperature outcome
changes in energy, land-use and policy needed  ° given range of climate

to meet a particular temperature outcome or

carbon budget (right figure). This is not necessarily source: SENSES scenario primer.

. . . . -5
the socially optimal price which depends on an 2020 2030 2040 2050
assessment of avoided damages and valuing impacts
f . AFOLU == Chemicals = Steel
on present vs. future generations. === Buildings == Electricity === Transportation

= Cement

*

These models have been used extensively to inform policy and decision Source: IIASA NGFS Climate Scenarios Database, GCAM model.
makers and feature in several climate assessment reports, cf. IPCC, 2014. AFOLU is agriculture, forestry and other land use.
IPCC, 2018. UNEP, 2018.
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Emissions prices

A key indicator of the level of transition risk is the shadow emissions price, a proxy for government
policy intensity and changes in technology and consumer preferences.

+ In the IAMs used to produce the NGFS scenarios, a
higher emissions price implies more stringent policy.
Models suggest that a carbon price of around $160/
tonne would be needed by the end of the decade
to incentivise a transition towards net zero by 2050
(right chart). This price is a measure of overall policy
intensity. In reality, governments are pursuing a
range of fiscal and regulatory policies, which have
varying costs and benefits.

« Shadow emissions prices are sensitive to:

- The level of ambition to mitigate climate
change. Higher ambition translates into higher
emissions prices.

— The timing of policy implementation. Higher
emissions prices are needed in the medium to
long-term if action is delayed.

- Thedistribution of policy measures across sectors
and regions.

- Technology assumptions such as the availability
and viability of carbon dioxide removal.

*

Carbon price development

USD (2010) t/CO,

800 15°C
700 1.5°C
600
500
400
300
200 1.7°C
100
2.5°C
0 | 3°C
2020 2030 2040 2050

=== Divergent NZ
me NDCs
=== Below 2°C

Delayed transition
=== Current policies
=== Net Zero 2050 (1.5°C)

Source: IIASA NGFS Climate Scenarios Database, REMIND model.
Carbon prices are weighted global averages.

be lower in emerging economies which reduces efficiency but reflects equity considerations.

NGFS

Central Bonks ond Supenisors
Network for Greening the Finoncial System

Carbon prices across models

Net Zero 2050
USD (2010) /t CO,
800
700
600 T
¢ 1.5°Crange

/" l

500 4
g

400

C.average

300
¢"'
200 *
100
0 | J
2020 2030 2040 2050
= == Average === GCAM
= = = MESSAGEix === REMIND

Source: [IASA NGFS Climate Scenarios Database.

Emissions prices are defined as the marginal abatement cost of an incremental tonne of greenhouse gas emissions. Prices are influenced by the stringency of policy as well as how technology costs will evolve. Prices tend to
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Commodity markets

A key driver of transitionrisk is the future pathway of fossil fuel prices and volumes, with potential
spill-over effects to the broader economy.

« The future pathways of commodity prices are highly
uncertain.|AMs include a baseline assumption that
prices increase in line with increasing marginal
extraction costs (right chart). In mitigation scenarios
some downward pressure comes from declining
fossil fuel use (left chart). However, this does not
capture the full range of outcomes. Pathways do
not account for the possibility of ‘sell-off’behaviour
from producers, or other volatility between 5-year
time steps.

+ Users may wish to make further assumptions when
using commodity prices for macro-financial analysis.
A changein oil prices is likely to affect producers and
consumers differently, and a carbon price can drive
a wedge between producer and consumer prices.
The extent to which prices change also depends on

how quickly alternative energy sources are deployed.

NGFS

Central Bonks ond Supenisors
Network for Greening the Finoncial System

Oil volumes by scenario

Index (2020 = 100)
200

150

100

50

| |

0

2020 2030 2040 2050
=== Current policies GCAM === Divergent NZ GCAM
= = = Current policies MESSAGEix = = = Divergent NZ MESSAGEix
=== Current policies REMIND === Divergent NZ REMIND

Source: IIASA NGFS Climate Scenarios Database.

Oil prices by scenario
Index (2020 = 100)

200

150

100

50

.lll....
]
]
L]
L]

| | | J
0
2020 2030 2040 2050

=== Current policies GCAM === Divergent NZ GCAM
= = = Current policies MESSAGEix = = = Divergent NZ MESSAGEix

=== Current policies REMIND === Divergent NZ REMIND

Source: IASA NGFS Climate Scenarios Database.
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Energy investment

Significant investment flows would need to be directed towards green energy in the coming

decades to achieve net zero.

« Transitioning to a net zero economy would require
investment flows to be geared towards mass
deployment of green electricity and electricity
storage (left chart). There is some legacy capital
investment in fossil fuel extraction, which is a holistic
measure of all investments in mining, shipping and
ports for fossil fuels, transmission and distribution
for gas as well as the transport and refining for oil.

« By 2050, renewables and biomass would deliver 68%
of global primary energy needs (right chart). This is
a marked contrast to the current policies scenario
where fossil fuels continue to be the dominant
source of primary energy, even after accounting
for current technology trends.

Cumulative energy investment to 2050

Net Zero 2050 *

Trillion USD
50

40

30

20

10

Green electricity  Nuclear
and storage

Fossil Fossil
electricity extraction

[ Current policies I Net Zero 2050 (1.5°C)

Source: IIASA NGFS Climate Scenarios Database, REMIND model.

Primary energy mix by scenario

Per cent
100
75
50
25
0
2020 2030 2050 2020 2030 2050

Current policies Net Zero 2050 (1.5°C)

I Nuclear I Renewables
I Oil including Biomass

I Coal
W Gas

Source: [IASA NGFS Climate Scenarios Database, REMIND model.
Direct equivalent accounting method used, which is predominant in
publications on long-term transition pathways.

* Fossil power generation investments include investments into generation with CCS, which dominate in the Net Zero 2050 scenario. Investments into fossil fuel extraction are estimated based on constant investment intensity
assumption of fuel use, and so likely overestimate the required investments where declining demand can be met with existing projects requiring less investments than new ones.
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Carbon dioxide removal

The speed and timing of the transition depends on the availability and deployment of various
forms of carbon dioxide removal, i.e. the long-term storage of carbon in soils, plants and rocks.

=]
1
>
w
2
5]
=1

« Carbon Dioxide Removal (CDR) involves removing CO, removals in Net Zero 2050 CO, removals across model
carbon from the atmosphere through increasing Net Zero 2050
forest cover and soil sequestration (land use) or Gt €O,/ year GtCo,
growing crops for bioenergy (bioenergy with carbon CDRBECCS
capture and storage, BECCS). 0
2
. . . 30
« CDR assumptions play an important role in IAMs. 4
: : Solid lines
If deployed effectively lower warming outcomes . e REMIND)
could be achieved, or targets could be reached corresponds to
. . . L. . 20 8 CO2 removals
sooner given the practical difficulty of eliminating on chart left.
. . Other models
all emissions in the near term. However, they only rems\(/)aulgcé;g;gc?zarea) CDR Land use shown for
currently take place on a limited scale and face their 0 ~ shown on chart right 0 — —— comparison.
own challenges. Sen -2 e )
I _4 . ’ ‘ b L]
« The NGFS scenarios assume low to medium o | | ; e,
availability of these technologies. However 2020 2030 2040 2050 T
i -8
patterns vary strongly across models (right chart) €O, removals 2020 2040 5060 5080 100
depending on cost assumptions. They also vary = = Gross CO, emissions —— Net CO, emissions el COAM . MESSAGEK e REMIND
substantially across countries depending on the
costs and availability of CDR options. Source: IIASA NGFS Climate Scenarios Database, REMIND model. Source: IIASA NGFS Climate Scenarios Database.
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Agriculture, forestry and land use

Changes in agriculture, forestry and land use are important as they account for about 20% of
total greenhouse gas emissions and forest cover can help remove CO, from the atmosphere.
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« Land uses such as agriculture account for significant Land use emissions Changes in land use
emissions (left chart). As shown on the previous slide, Net Zero 2050 Net Zero 2050
preventing deforestation would play a significant Gt CO, e/ year in Net Zero 2050 Cumulative change (million ha)
role in lowering CO, emissions and even provide a 12 200
net sink in some models and time periods. 10 150

100

« Theincrease in forest cover and bioenergy cropland 8

in a Net Zero by 2050 scenario would have to be 50
facilitated by a reduction in other land uses, e.g. 6

cropland for food production and pasture land (right 0

chart). The types of land cover that are reduced vary 4 50
across models. )

-100

« Emissions from other important GHGs, Methane o 150

(CH,) and Nitrous Oxide (N,0), reduce more gradually

i ‘ i 2 -200

in the scenarios compared to CO, (left chart). Still, 2020 2030 2040 2050 2020 2030 2040 2050
this would imply significant reductions in emissions

. . . . . . . CH o, B N,0 Energy crops === Food crops
intensity given the increase in population during

4
me Forest = Pasture

the first half of the Century' Source: IIASA NGFS Climate Scenarios Database, REMIND-MAgPIE model.
Source: [IASA NGFS Climate Scenarios Database, REMIND-MAgPIE model.
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Sector pathways

Sectors that are more difficult to decarbonise face greater transition risks.

. Climate policies affect all actors in the economy, Emissions per unit of energy input Risk factor pathways: Utilities

and can be particularly impactful for sectors that Net Zero 2050 Net Zero 2050
can less easily reduce their carbon footprint. The left USD (2010) trillion

. L. Electricity 3
chartillustrates, for example, that electricity could 2
. . °
decarbonise more rapidly than the transport sector. Steel £ 2
o 1
o ) o '5 0 A | |
- To understand how transition risks materialise Cement 2020 2030 2040 2050
across different sectors of the economy, UNEP-FI
has developed Risk Factor Pathways (RFPs), which Chemicals g°
represent key corporate credit risk drivers: direct . g °
. L . Other industry 9
and indirect emissions costs, changes in revenue, 5
d required low-carbon investment.* The NGFS idi =0 : '
and requiread low-caroon investment. e Buildings 2020 2030 2040 2050
scenarios can be used to calculate these RFPs.
. . T x 2
« Theright chartillustrates RFPs for the utilities sector 2020 2030 2040 5050 E /\ —
in Net Zero 2050. This shows that the direct cost of Gl
b issi h Il before 2050 9C0.e /M S | | | |
carbon emissions reaches zero well before . 0 50 100 150 200 2020 2030 2040 2050
Investment in emissions reductions (‘capex’)
Source: lIASA NGFS Climate Scenarios Database, REMIND model. Source: IASA NGFS Climate Scenarios Database, REMIND model.

increases rapidly and peaks in 2030.

Direct costs represent cost of emissions permits. Indirect costs represent
changing cost of energy inputs. CAPEX represents capital investment.

* UNEP FI - Extending our horizons (2018).
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Key input assumptions

Integrated Assessment Models assume as a baseline that population and productivity growth
continue in line with trends. Technological advancement depends on learning dynamics.

« The projections from IAMs rely on assumptions about the future state of the world, including on:
- Policy: policy targets, global policy coordination, and policy delays;
— Technology: costs of different types of energy, carbon sequestration technologies, and challenges to
their deployment;
- Society: population growth, migration, diets and preferences.

« Technology costs in the IAMs are initially based on estimates from academic literature. They evolve in each
scenario on the basis of either exogenous assumption or endogenous learning dynamics depending on the
model (see slide 24). The right chart shows how average global capital costs for installing new electricity
capacity are assumed to evolve across different types of energy source in the REMIND model. These costs
vary by region.

« Societal assumptions have been standardised by the academic community as the Shared Socioeconomic
Pathways (SSPs).* All scenarios are currently based on SSP2, which assumes that society evolves broadly in
line with past trends and global population peaks around 2070. This is a scenario assumption. If consumer
preferences were to shift, for example in line with the SSP1 narrative, this would reduce the potential
impacts from the transition. The pathway for GDP as prescribed by SSP2 has been adjusted to account for
the short-term COVID-19 impact on growth rates.

* For an overview of the SSPs, see Riahi et al. (2017).

NGFS

Banks and Supenvisors
Network for Greening the Finoncial System

Electricity capital costs

Net Zero 2050
$2010/ kW

6,000 \

5,000

4,000

3,000

2,000

1,000

| | | J
0
2020 2030 2040 2050

me COal (W/0 CCS) === Gas (w/0 CCS) === Nuclear
mmm Coal (With CCS) === Gas (with CCS) === Solar PV
=== \Wind offshore

Source: IASA NGFS Climate Scenarios Database, REMIND model.
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Country-level downscaling

The NGFS consortium has developed a downscaling methodology that can be used to assess
the potential implications of the scenarios for 132 countries.
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- To allow for country-level analysis, a subset of key Primary energy (downscaled)
variables like emissions, primary energy and final Net Zero 2050
energy have been downscaled to country-level. EJ/year
Denmark Chile

« Each country is assumed to start off in its current
state and gradually converges to the regional
pathway projected by the IAMs. The convergence
speed is conditional on country-specific institutional
factors. See NGFS Technical Documentation for

. 0.0 0.0
further details. 2020 2030 2040 2050 2020 2030 2040 2050

+ As the individual country results are derived from Philippines Nigeria
a standardised methodology, they do not at this
stage reflect policies on a country by country basis. 4
Users may need to cross-check these with other
country specific factors and data where available. 2
For example, national account of energy use and
domestic scenario modelling.

0 0
2020 2030 2040 2050 2020 2030 2040 2050

Il Biomass [ Coal W Gas I Geothermal I Hydro I Nuclear I Oil I Solar s Wind

Source: IIASA NGFS Climate Scenarios Database, MESSAGE model.
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https://www.ngfs.net/sites/default/files/ngfs_climate_scenarios_technical_documentation__phase2_june2021.pdf
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Integrating physical risk damages

Integrating physical risk damages into the transition scenarios increases near-term carbon prices.

« Detailed energy and land-use IAMs typically ignore the potential increasing
impacts from physical risks when assessing transition pathways. These damages
were innovatively integrated into the optimisation of the transition pathways for
a separate run of the REMIND-MAgPIE model for this phase of the NGFS scenarios.

+ Including physical risk damages changes the optimal mitigation trajectory, with
a higher carbon price in the first few decades and a slower rate of increase in
the later decades (right chart). This flattening effect of the carbon price curve
increases with higher physical risks. The chart shows the change in carbon
price once median and 95th percentile damages for the temperature rise are
integrated in each time period.

+ Only one channel of chronic physical risks, temperature productivity effects,
have been included here. It is clear that physical risks could also effect energy
use and costs, investments and other economic indicators. The findings from
this exercise would imply that even higher near-term carbon prices would be
needed once any additional channels of physical risk damages are priced in.

FS

ol

Carbon prices in integrated IAM run

Below 2°C
USD (2010) / tonne CO, eq
250
200
150
100
50
| | | |
2020 2030 2040 2050
Below 2°C Below 2°C Below 2°C

with physical damages (50th) with physical damages (95th)

Source: IIASA NGFS Climate Scenarios Database, REMIND Model with integrated physical risk GDP damages.
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Navigating models and data

The three integrated assessment models differ in key respects, allowing users to compare
scenarios under different modelling approaches.
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. . . . . . C i ticipating NGFS IAMs to IPCC Special R ton 1.5°Cand IEA
+ |AMs differ in a few important ways, including their omparing participating sto pecialieport on an

policy and technology assumptions, regional and

sectoral granularity, and how they are solved (e.g Natural gas power plants with CCS Shares of wind and solar in electricity generation
, .g.
representative agent objectives and anticipation in 2050 in 2050
Electricity generation from natural gas Shares of wind and solar in electricity
of the fUture)' power plants with ces in 2050 [EJ] generation in 2050 [%)]
. . . 20 A
« Policy assumptions have been aligned across the Moo 47
three IAM models used by the NGFS so the user 80
can see how other assumptions drive differences s
in the results. i
R 60
« The charts on this slide show how the level of 0
electricity generation (left - natural gas with ‘
CCS, right — wind and solar) compare to selected
low-overshoot scenarios from the IPCC Special S 40
Report on 1.5°C and IEA Net Zero scenario.
20
0
GCAM REMIND GCAM REMIND
© MESSAGEix [ IEA - NZE2050 © MESSAGEix [ IEA - NZE2050
Source: Boxplot shows distribution of results from the IPCC Special Source: Boxplot shows distribution of results from the IPCC Special
Report on 1.5°C (2018). Report on 1.5°C (2018).
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Physical risks

Scenarios in detail
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Temperature rise

Mean temperatures rise in all scenarios, exceeding 3°C in Current Policies. Changing climate
conditions affect physical labour productivity and lead to severe and irreversible impacts.

« Global mean temperatures have increased by around 1.2°C from pre-industrial Global mean temperature rise

levels. Temperatures to date are very likely higher than at any time in the last
12,000 years, the period in which human civilisation has developed.*

°C above pre-industrial levels

« In scenarios where climate goals are met deep reductions in emissions are
needed to limit the rise in global mean temperatures to below 1.5°C or 2°C
by the end of the century. This does not occur in the Current Policies scenario, 3
leading to a temperature rise exceeding 3°C and severe and irreversible impacts. /
The shading indicates uncertainty in the temperature response. Temperatures

are increasing unevenly across the world with land warming faster than oceans
and high latitudes experiencing higher warming.

« Temperature changes lead to chronic changes in living conditions affecting
health, labour productivity, agriculture, ecosystems and sea-level rise. It is also o | | | | |
changing the frequency and severity of severe weather events such as heatwaves, 2020 2040 2060 2080 2100
droughts, Wl|dﬁreS, trOplcaI cyclones and ﬂOOdmg' Delayed transition === Current policies === Net Zero 2050 (1.5°C)

Source: IASA NGFS Climate Scenarios Database, REMIND model.

* See Kaufman, D. et al. (2020).
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Precipitation

Therise in temperature leads to increased heavy precipitation across many regions of the world,
which in turn increases risks from flooding.

- Global warming will lead to an increase in heavy Changes in annual maximum discharge Changes in annual maximum discharge
precipitation and flood risks in most parts of 3°C of warming in 2100 Relative to 1986-2005
the world. Per cent
30
« Annual maximum discharge (water flow) in a river
or watershed is a measure for fluvial flood risk from 20
heavy precipitation. Green shading on the LHS chart
shows regions where annual maximum discharge 10
increases by the most where end of century warming
exceeds 3°C.The magnitude of this change increases 0
in warmer climates.
-10
« The RHS chart shows how annual maximum
discharge scales with temperature for particular ~ >°uce: [SIMIP Archive. 20
regions. It increases sharply in some (+27% in
North India) and decreases in others that have drier 30 orth India China Central Southern
climates (-30% in Southern Europe). (Ganges) (Yangtze/ Europe Europe
Yellow) (Rhine) (Spain/Portugal)
. 1.5°C 2.0°C B 3.0°C

Source: ISIMIP Archive.
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Heat and labour productivity

Physical labour productivity is significantly reduced by hot and humid climate conditions.

Change in physical labour productivity
Per cent increase relative to 1986-2005

« The capacity of the human body to perform physical labour is significantly
diminished under hot and humid climate conditions. These conditions are

0
expected to deteriorate with rising mean temperatures, leading to material
impacts on the economy and society. 5
« Global physical labour productivity is projected to decrease up to 12% in a 3°C -

warmer world, about three times higher than if warming was limited to 1.5°C
(right chart). However, there is a wide range of uncertainty with some models
projecting no impacts and others projecting impacts of greater than 25%. This
range across models is represented by the box and whiskers. These changes
are relative to a baseline of approximately 0.6°C of warming since pre-industrial
levels representative of the period 1986-2005.

-25
« Theimpactis most pronounced in tropical regions, with particularly high impacts o
in Africa and Asia. While Europe is expected to experience lower mean impacts 15°C 2°C 3°C 1.5°C 2°C 3°C  15°C 2°C 3°C 1.5°C 2°C 3°C  15°C 2°C 3°C
. L . . . Global Asia Africa America Europe
there is a significant range of results across countries in the region depending
on their latitude and local climate. B 1.5°C ES2¢ ES 3

Source: Dasgupta et al. (in review), including future population growth based on the SSP2.
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Crop yields and food security

Crop yields are complex to model, but evidence suggests that they are likely to be negatively
impacted by climate change, particularly in tropical regions.

« Gradual climate change is already impacting crop Change in crop low production extremes
productivity,* and this will worsen with higher levels of 10 year minima in global/tropical production
warming. The adjacent charts show the differencesin Per cent Per cent
low production extremes (10y minima) at 1.5°Cand 2°C. 0 Wheat " Maize

Theintensification of low production years is significant

across wheat, maize, rice and soy, particularly in 20 20
tropical regions. These effects are crop-dependent
and more pronounced at higher levels of climate ~ '° 10 T [
sensitivity (warming response to emissions) due to i 1 T '|'
potential positive fertilisation effects of increased CO,,. 0 ﬁ | 0 —
+ . L
- Attemperatures higher than 2°C the risks are more ~ ° 1 i 10 l
substantial. Higher mean temperatures increase the +
chance that biophysical limits for crop production 20 20
might be reached. This could have implications J
for food security and employment, particularly in 39 1 5°C 50°C 1 5°C 50°C 30 1 5°C 50°C 1 soC 5 0°C
regions with a relatively large agricultural sector. Global Tropical Global Tropical

Impacts would be offset by adaptation actions like

. - . . Source: Schleussner et al. (2018) using data from ISIMIP archive.
more climate resilient Crops or moving growing areas.

* Moore and Lobell, 2015.
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GDP loss estimates from chronic risks

Global warming, and the associated changes in climate, will have significant impacts on the
economy by the end of the century in a Hot house world scenario.

« Estimates of GDP losses from chronic risks vary
considerably depending on assumptions about
climate sensitivity and the method used to estimate
the damages.

+ GDPlosseswere calculated based onthe methodology
set out in Kalkuhl and Wenz (2020) at the country
level for the change in average temperature in each
scenario compared to the previous year (right chart).
Estimates suggest a global GDP impact of up to
13% relative to a prior trends baseline in the current
policies scenario. Losses are much higher in tropical
regions (left chart).

« The methodology does not include impacts related
to extreme weather, sea-level rise or wider societal
impacts from migration or conflict. For given
countries these would likely strongly increase
the physical risk. These estimates also do not fully
capture adaptation, which would reduce impacts
but require significant investment.

N

Cental Bonks and
Network for

FS

Physical risk GDP losses by country

Current policies (95t percentile damages)
Per cent GDP loss relative to prior trends

% GDP I
-20 -15 -10 -5

0

Source: Calculations by PIK based on scenario temperature outcomes
and damage estimates from Kalkuhl and Wenz (2020). Base year for
warming is 2005.

Physical risk GDP losses

Per cent GDP loss*
0

-15
2020 2040 2060 2080 2100

=== Current policies === Net Zero 2050 (1.5°C)

Source: IASA NGFS Climate Scenarios Database, REMIND model.
* 2005 used as the base year.
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Exposure to severe weather

High warming scenarios lead to rapid increases in exposure to severe weather across the globe.

Observed climate change of 1.2°C has already more
than doubled both the global land area and the global
population annually exposed to river flood, crop failure,
tropical cyclones, wildfire, drought and heatwaves.*

+ Global warming of 2°C relative to preindustrial
conditions is projected to lead to a fivefold increase
in exposure to all types of natural hazards globally.
The most pronounced increases are projected for
droughts and heatwaves.

« Changes in exposure are unevenly distributed. The
right chart shows how four key regions will be affected
by five different perils.

Future socio-economic changes including population
growth may exacerbate climate risks, while exposure
to extreme weather at the same time could be a key
driver of displacement and migration.

*

Lange et al. (2020).

entrl Banks and Supervisrs
Network for Greening the Finoncial System

Change in population exposed to extreme weather
Times(x) increase

All events Drought
15 20
15
10 10
5 5
0 0
EAS ECS LCN NAC EAS ECS LCN NAC
Heatwave River flood
2
1
0
EAS ECS LCN NAC
Wildfire
2
1
0
EAS ECS LCN NAC
B 1.5°C 2°C [ 3°C Regions
EAS: East Asia and the Pacific LCN: Latin America and the Caribbean
ECS: Europe and Central Asia NAC: North America

Source: Lange et al. (2020).
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Direct losses from tropical cyclones

Climate change is contributing to the increasing costs of severe weather from tropical cyclones.

- The open-source natural catastrophe modelling tool CLIMADA was used to estimate the climate change Change in cyclone losses

impact on tropical cyclone and river flood damages.* Here, publicly available data on exposures and climate 50
impacts indicators (e.g. from ISIMIP) were used as an input. The resulting global dataset of high granular
data (assuming constant socio-economic conditions) is available in the NGFS CA Climate Impact Explorer.
The results from the flood analysis is forthcoming.

Per cent

40

+ Global warming is projected to further increase the frequency and intensity of tropical cyclones in certain 3,
regions. This leads to an increase in associated damages up to 20% for a below 2° scenario and up to 45%
for a 3° scenario relative to today’s damages. A large fraction of the total damages is caused by singular but

very severe events, e.g., those defined as occurring with a likelihood of 1-in-100 years. While in some regions, 20
low-intensity events are decreasing in frequency the increase in annual expected damages is caused by the
increase in damages associated with very severe events. 10
« These estimates focus on the direct damages on physical assets and do not include the wider social and o
economic impacts in affected regions. In addition, they only consider the impacts from cyclones and exclude Bangladesh Japan Philippines USA
changes in losses due to surge and precipitation induced flooding. —15°C 2C _— 3C

[ Average loss ® 1in 100 year loss

Source: NGFS Climate Impact Data Explorer, CLIMADA model.
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Navigating the models and data

The NGFS scenarios provide a range of physical risk data from climate impact models, alongside
estimates of the economic impacts for each scenario.

« Physical risk data can be explored through a new NGFS CA Climate Impact Explorer. Modelling macro-financial impacts from physical risks

It provides projections of physical climate change indicators (e.g. temperature, NGES CA Cli | ——— NGES IIASA
T . .. . imate Impact Data Explorer

precipitation) anFJ selected |mpac'Fs (e.g.labour productlwty and tropical cycIorTe More detailed spatial climate model data is available via ISIMIP portal Scenario Explorer

losses) at the national and subnational level. Data are provided for each scenario

and incorporate model uncertainty.

Direct losses

Macro

Chronic Acute

changes changes impacts

The NGFS IIASA Scenario Portal also includes a select number of physical risk

Exposure and

Capturing

T . . .. . . % Changes in bie Frequency and
indicators that are directly linked to each scenario in the diagnostics category. physical climate LU severity of (AN Vulnerability to [N second and third

captured

hazards round effects

Temperature pathways have been estimated using the MAGICC model and processes natural hazards
econometric damages are provided on a country basis (relative to a baseline
forecast representing prior trends).

Country-level productivity damages based on Kalkuhl and Wenz (2020)*

* These estimates are available for all transition pathways in the IIASA database. Physical damages were introduced exogenously into NiGEM at a country level (then allowing for equilibrium effects). Damages were also introduced
endogenously in REMIND-MAGQPIE for an integrated run meaning they not only affect economic outcomes but also the transition (e.g. emissions prices). See slide 23.
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http://climate-impact-explorer.climateanalytics.org/
https://data.ene.iiasa.ac.at/ngfs/

Economic impacts

Scenarios in detail




Capturing economic impacts

The NGFS scenarios capture the economic impacts from transition risk and physical risk.

+ In phase Il of the NGFS scenarios, the National Institute for Economic and Social Research joined the academic consortium to undertake detailed macroeconomic
modelling. Their model, NiGEM is a quarterly econometric model with a time horizon to 2050 that is used widely for forecasting and scenario analysis. The model
was shocked using transition inputs from the IAMs and estimates of chronic physical risk.

- Transition risks are captured through four main channels.

- Energy: On the supply side, higher energy costs result in a reduction in energy use. This is mostly offset by improvement in energy efficiency. The net effect (a
small reduction in energy services) results in a modest reduction in potential growth. Energy service levels were estimated with useful energy data from IAMs.
Countries with a larger share of energy exports in the economy face higher impacts.

- Policy: The introduction of carbon prices from the IAMs, represented as an indirect business tax, increases costs and leads to a demand shock. This reduces
over the course of the scenario as the energy intensity and carbon intensity of economies falls. In orderly scenarios, negative impacts on demand are offset by
increased government spending of the carbon tax revenues.

- Uncertainty: In the disorderly scenarios policy and investment uncertainty is assumed to lead to a higher investment premium.

« Thereis a high degree of uncertainty around the impacts from physical Transmission channels Economic impacts
climate I’IS.k orm the economy. Damages.reprejsentmg the impacts e Chronic physical sk ™ e ™
from chronic climate change from one estimate in the literature were From damage funciion Lower production capacity

H H H H Lower demand
exc?genously introduced into NiGEM as a shocktoca paaty. They were S S Upplyshock S emardehock o
calibrated on a country-by-country basis for each scenario given the unemployment
temperature rise (see slide 30). The estimated impacts do not include \_ % \ )
all sources of risk, such as low-probability high-impact events, sea-level e ™ e ™

Energy and policy shocks
From IAMs

rise, extreme events and societal changes like migration and conflict.
. Carbon price . .
As aresult, actual damages under these scenarios are expected to be —
. . . . ™ Useful -
larger than shown, particularly in regions with lower resilience and -

capacity for adaptation.

Lower pre-tax energy price

Lower production capacity
(affects GDP andinflation)

% \_ Y
Additional shocks \ f \

Higher risk premium in

disorderly scenarios
Investm_ent S Monetary
- dt::;jﬂnyas'c::zﬁos iscalpolicy policy Results sensitive to policy
assumptions

\_ J
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Gross domestic product

Scenarios differ markedly in their economic impact, with significant uncertainty in the size of
the estimates and variation across regions.

- Impacts on GDP (right chart) are specified relative to a forecast representing GDP impacts relative to prior trend

prior trends but also incorporating some of the potential near-term impacts from
COVID-19.There are no assumed additional impacts from physical or transition risks.

Per cent change in GDP

Net Zero 2050 Delayed transition Current policies

« World GDP impacts from transition risk are slightly positive in Net Zero 2050 A °
as negative impacts on demand from higher carbon prices and energy costs
are more than offset by the recycling of carbon revenues into government
investment and lower employment taxes. GDP impacts are negative in the 5 ° °
disorderly scenarios as the speed of the transition combined with investment
uncertainty affects consumption and investment.

« GDP losses from physical risks scale with the change in temperatures in the

scenario. In the first half of the century impacts are similar until they start to °

diverge. By 2100 impacts are far highest in the current policies scenario as

temperature targets are missed. In the orderly scenarios physical risks dominate o
underlining the need to invest in adaptation. 2030 2050  2100* 2030 2050  2100* 2030 2050  2100*

Physical Transition e Total

+ NiGEM also provides country and regional pathways for GDP.Impacts are higher
for countries and regions that face higher emissions red UCtiOﬂS, higher carbon Source: IIASA NGFS Climate Scenarios Database, NIGEM based on REMIND. IAM data and damage estimates
. . . . . from Kalkuhl & Wenz (2020).
prices, lower fossil fuel exports, or higher physical risk damages.

* Economic impacts are modelled out to 2050. To obtain an estimate of impacts in 2100, we took the estimate
of physical risk impacts based on the damage function (see slide 30) and assumed no transition risk impacts
at this point (ie. the GDP loss is solely due to physical risk).
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Inflation and unemployment

The scenarios include a wide range of macroeconomic variables, capturing structural relationships
between key aggregates such as unemployment and inflation.

« In many countries, the implementation of carbon Inflation Unemployment
prices in the transition scenarios tends to raise energy Percentage point change
costs in the short term leading to modest increases | Europe o China
in inflation and unemployment before returning to , o

prior trends. In some countries and time periods the

offsetting positive growth effects from carbonrevenue 1 00 N —
recycling lead to a reduction in unemployment. 0 7 05 W

+ In some scenarios this leads to a potential monetary 2020 2030 2040 2050 2020 2030 2040 2050
policy tradeoff. The NGFS modelling framework
assumed a ‘two-pillar’ strategy, targeting a Latin America . United States

combination of inflation and nominal GDP as a
default. This can be adjusted in the NiGEM model 2 0> /

alongside fiscal policy assumptions (see slide 39). 1 0.0 v
0 =— p— -0.5

« The negligible impacts in the Current policy scenario : o
reflect not only limited transition risk, but also the 2020 2030 2040 2050 2020 2030 2040 2050
factthat Only one pOtentlaI phyS|caI risk transmission Delayed transition === Current policies === Net Zero 2050 (1.5°C)
channel (productivity) has been modelled. More
research is needed on the potential for climate Results have been smoothed as a 5 year centred average.
. .. . . Source: [IASA NGFS Climate Scenarios Database, NiGEM based on REMIND. IAM data and damage estimates from Kalkuhl & Wenz (2020).
impacts to raise inflation (e.g through supply-side
shortages) and/or unemployment (e.g. due
to displacement).
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Financial markets

Climate change and transition policies create significant financial fluctuations. The macrofinancial
results reflect both risks and opportunities.

. Long-term interest rates tend to increase in the Long-term interest rate

transition scenarios, reflecting the inflationary Percentage point change

pressure created by carbon prices, as well as the Europe s United States
increased investment demand that the transition
spurs on.
1.0 1.0
- Disorderly transitions can affect real financial asset
valuations significantly, with considerable regional
differences. Although the NiGEM results cannot 05 05

be disaggregated into individual sectors. It is likely
that sectors that can decarbonise less easily will be /
affected more than sectors that can decarbonise

more easily (cf. slide 20).The NGFS will work tofurther 0 \/

develop sectoral impacts going forward.

. . . -0.5 0.5
+ In the disorderly scenarios we assumed that policy 2020 2030 2040 2050 2020 2030 2040 2050

uncertainty leads to a higher investment premium. Delayed transition === Current policies === Net Zero 2050 (1.5°C)
This lasts for two years, with the premium gradually
retu rning to baseline thereafter. This occurs in Results have been smoothed as a 5 year centred average.
. . . Source: [IASA NGFS Climate Scenarios Database, NIGEM based on REMIND. IAM data and damage estimates from Kalkuhl & Wenz (2020).
the period 2021-2022 in the Divergent Net Zero
policies scenario and 2030-2031 in the Delayed
2 degrees scenario.
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Sensitivity to fiscal policy options

A key factor in the results are assumptions around fiscal policy, in particular on whether climate
policy measures raise revenue (e.g. through carbon trading) that can be redistributed.

- The NGFS scenarios make a simplifying assumption that climate policy in each Total GDP impacts with different fiscal assumptions
scenario is introduced as a carbon tax. In orderly scenarios, the generated Net Zero 2050
government revenue is recycled through a combination of 50% higher Per cent change in GDP
4

government investment and 50% pay down of debt (see right chart green line). \

« Thisis arelatively optimistic set of assumptions. In reality governments introduce
a wide set of carbon policies, many of which may not generate revenue. Other
ways of redistributing revenues, such as entirely through paying down debt,
or reducing income tax, have lower offsetting positive impacts on GDP than
government investment. In disorderly and hot house world scenarios, generated
government revenue is offset via lower income tax rates.

_

'
—_

+ Using the most optimistic and most pessimistic assumptions leads to total GDP
impacts (from both physical and transition risks) ranging from circa-3%to +3%
by 2050 in the Net Zero scenario relative to prior trends.

-4
2020 2030 2040 2050
50% government investment, 50% debt paydown === Debt paydown
=== Employment tax eut == GoOvernment investment

Source: IIASA NGFS Climate Scenarios Database, NiIGEM based on REMIND. IAM data and damage estimates
from Kalkuhl & Wenz (2020).
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Uncertainty in impacts from transition risk

Quantifying transition risk is subject to key uncertainties given the dependency on policy
choices and the influence of market failures.

- The costs and distributional effects of climate policies depend strongly on the  JUEWLCREIUN L EELERIE L E T LTE S
climate policy mix. Estimates from the wider literature suggest that emissions
pricing has a larger economic impact than policies such as emissions performance
standards, renewable portfolio standards, and subsidies.* In the macroeconomic
modelling for the NGFS scenarios carbon prices proxy for a wider range of policies.

« On the other hand, most IAMs and macroeconomic models, including theones ~ Network effects - Market participants typically do not fully take into account
used for the NGFS scenarios, do not include the financial sector and therefore how their behaviour affects the overall economicand
make an implied assumption that there is a smooth market allocation of capital. IR Sl S QU e IO A0S HnFINEE] GrEE
In practice, the presence of market failures could mean that stronger policy
is needed than implied by the models, which would exacerbate transition risk
impacts.”A The right table shows market failures that are likely to be relevant
to transition risk.

m
[a)
o
3
o
3
n

* See, e.g., Fischer, Preonas and Newell (2017).

A See, e.g., Stern and Stiglitz (2021).
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Uncertainty in impacts from physical risks

Economicimpacts at high degrees of warming would be unprecedented and much more severe
than currently estimated given known gaps in modelling.

Damage estimates from physical risks only cover a limited number of risk
transmission channels. For example, they do not capture the risks from
sea-level rise or severe weather. They also assume socioeconomic factors such
as population, migration and conflict remain constant even at high levels of
warming.* Potential correlation between risk channels, i.e. if the occurrence of
one physical risk makes another more likely (e.g. food scarcity may increase the
chance of conflict), can further amplify damages.

In studies that focus on the relationship between temperature and the economy
thereis also a wide range of projected impacts. The adjacent chart shows arange
of damage estimates for different levels of warming. The differences arise from
the type of modelling approach, whether impacts are considered to directly affect
the growth rate, and the future level of adaptation. The damage function used
in the NGFS modelling framework was sourced from Kalkuhl & Wenz (2020) but
based on the specific temperature outcomes of the NGFS transition pathways.

There are a number of reasons to suggest that these are underestimates of the
potential risks. Although some studies capture non-linearities in biophysical
processes as temperatures increase, few fully capture the potential risks of
tipping points accelerating global warming. Studies that have assessed the
potential impacts from tipping points on policy responses find that emissions
prices should be up to eight times higher.

* The World Bank (2018) has suggested that climate change could displace almost 140 million people by 2050

in countries in Sub-Saharan Africa, Latin America, and Asia.

Estimates of GDP losses from rising temperatures in the academic literature

Per cent

0

2.0

Nordhaus (2016)
Howard & Kahn et al.
Sterner (2017) (2019) IMF
(2017)
Kalkuhl &
k 1. (201
Burke et al. (2018) Wenz (2020)
Burke et al. (2018)
2.5 3.0 3.5 4.0 45

Temperature rise (°C)

Source: As shown. Shade of marker reflects temperature baseline used in the underlying study.

Burke, Howard & Sterner (lightest shade) measure temperature rise relative to pre-industrial levels. Kahn
(medium shade) uses a baseline of 1960-2014. Nordhaus, IMF and Kalkuhl & Wenz (darkest shade) use a
near-term baseline (ranging from 2005-present day).
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Progress since Phase | (June 2020)

The NGFS has made a substantial number of improvements to the NGFS Scenarios over the past
9 months in collaboration with its academic partners.

Comparison of scenarios

+ InJune 2020, the NGFS launched its first set of scenarios, which were based on
input data and analysis from the 2018 IPCC Special 1.5 degree climate report. For
the current release, the NGFS was able to design more bespoke scenarios based

on the current climate policy environment. This included runs for the REMIND | Orderly. e e e
model that integrated physical risk damages into the transition pathways. SR Ezj:fe% Individual regional pathways are
+ NIESR joined the academic consortium to bring their expertise in macroeconomic ’ (ozz(éex?/ﬂ(]recrgm Below2°C l:ﬁ:::ir?;tgl ?;(;S;:S\gzrenr:ll?iited
modelling to the scenarios. A much richer set of economic variables from their . ggerly in the new scenario.
NiGEM model are now available in the IIASA NGFS Scenario database. (2°C with limited CDR)
- Disorderly - Divergent Net This scenario now reflects the impact of
« ETHZ, PIKand Climate Analytics assessed the global direct losses from extreme (1.5°C limited CDR) Zero Policies divergent policies across sectors and regions
weather events from tropical cyclones and flooding. Assessments of labour represented as carbon price variation.
productivity impacts and extreme event exposure have also been added. - Disorderly (rep) Delayed 2°C Delay to policies still occurs until 2030.
This analysis plus other country-level metrics of physical risk have been made (2°C delay with CDR has been limited in the new scenario.
available in a new NGFS CA Climate Impact Explorer. Iimited CDR) In additioh, the s.ce.narié inclu.des regional
- Disorderly carbon price variation, i.e. regions with
(2°C delay with CDR) net-zero targets are more ambitious than
+ Integrated assessment modelling teams developed a standardized downscaling regions without them after 2030,
methodology to provide country level data for approximately 132 countries. . NDCs . NDCs T

« Leveraging on the outcomes of the SENSES project, the NGFS collaborated with
PIK to design a new website for the NGFS scenarios.

Current Policies (rep)

Current Policies

to increased climate policy commitments.

Overall emissions and temperature increase
is lower due to lower baseline growth
assumptions and more policies already
implemented.
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Gaps in scenario modelling

Despite progress made, there are still areas that could be developed further to enhance
macro-financial risk analysis, disclosures and decision-making. These gaps fall into three categories.

Coherence Uncertainty

juswdojanag
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Next steps

The NGFS will continue to develop the scenarios to make them more comprehensive, with the
aim to be as relevant as possible for economic and financial analysis.

Phase | of the NGFS scenarios
delivered a set of harmonised
transition pathways, chronic
climate impacts and indicative
economic impacts for each
of the NGFS scenarios.

Ended June 2020

Central Banks and

and Supenvisors
Network for Greening the Finoncial System

Phase |l

Phase Il brought the scenarios up
to date, including by incorporating
countries’ commitments to reach
net-zero emissions, and provided
an expanded set of
macroeconomic variables,
country-level granularity, and an
online portal through which users
can explore the physical risks from
climate change.

EndedJune 2021

Private and
public sector
implementation

NGFS members will undertake a
number of case studies with the
scenarios and share key learnings.
The NGFS will also collaborate
with industry to ensure
the scenarios are suitable
for wider use.

Ahead of COP26

NYelglgle
extension

The NGFS will continue to refine
the Phase Il scenarios,
including by adding further
sectoral granularity
and improving the integration
of the suite of models.

Spring2022

Beyond

The NGFS is currently defining a
longer-term project to refine and
improve the scenarios further,
as well as fostering their use among
central banks and supervisors, and
reaching out to the private sector.

Longer term
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Summary of models

The NGFS scenarios have been developed with the participation of the following research
institutions and models.

Comparison Climate impacts Transition pathways Economic impacts
Climate models participating in the ISIMIP REMIND-MAQPIE 2.1-4.2 NiGEM v1.21
Models project GCAM 5.3 IAMs (only GDP provided as an output
CLIMADA MESSAGEix-GLOBIOM 1.1 in the database)

Technology costs. Inter-temporal
optimisation (for REMIND-MAgPIE and
MESSAGEix-GLOBIOM). Optimal government
policy design and capital reallocation.

Econometric relationships between
variables hold. Rational expectations
and perfect foresight.

Physical relationships between various
aspects of the climate system.
Changes in climate at the local scale.

Key assumptions
and uncertainties

Time steps of 5 years, up to 2100 in Explorer
Time horizon Up to daily time steps for underlying
ISIMIP data

Time steps of 5 years

(10 years from 2060 onwards), up to 2100 AR G325 U G tt0 (BT1G,5)
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