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1. The NGFS scenarios are a

key building block for
analysis of climate risk;
they require enhancements,
however, to account for the
current macroeconomic
challenges and
opportunities.

At the current stage, the
NGFS climate scenarios
lack the granularity and
representation of sectoral
dynamics required to
assess transition risk.

In the process of scenario
calibration, substantial
effort went into capturing
granular energy dynamics.

Gli scenari

Figure 2
Size and scope of the exercise
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. The climate stress test presented in this paper studies the potential vulnerabilities of
the euro area economy and financial system to a set of transition pathways towards a
net-zero emissions economy.

. The scenarios designed for this exercise differ in the timing and ambition of emissions
reductions until 2030, combining, for the first time, NGFS transition paths with the
latest macroeconomic projections and energy developments.

. The results of this exercise reveal that an accelerated transition would provide
significant benefits for firms, households, and the financial system, compared with a
late-push transition scenario.

. The accelerated and delayed transition scenarios would lead to similar risk levels in
2030. They would, however, entail substantially different long-term implications for
both transition and physical risks.

. The transition impact would be highly heterogeneous across economic sectors, with
the largest tail risk for expected losses being experienced if the transition were to
happen late and abruptly.

. Both the accelerated and the delayed transition scenarios would increase banks’
expected losses and provisioning needs in the short to medium term, but would not
seem to generate financial stability concerns for the euro area.

. Even though the field of climate stress testing is still in its early stages, the findings of
other jurisdictions’ climate stress tests align with the results of this current exercise.



The climate stress test presented in this paper studies the potential
vulnerabilities of the euro area economy and financial system to a set of
transition pathways towards a net-zero emissions economy. Leveraging the
framework developed for the first ECB economy-wide climate stress test, the current
exercise is an important step forward in the field of climate stress testing. The
original framework was enhanced by i) incorporating current and future euro area
macroeconomic and energy-related developments into three plausible short-term
transition scenarios, ii) capturing sector-level dynamics as well as more refined and
granular modelling of investment needs for the green transition, and iii) assessing
the impact of different timings and degrees of transition risk on the euro area real
economy and financial institutions by extending the entities covered to include
households and non-bank financial institutions. Feedback loops between the
financial system and the real economy, as well as the amplification of risks inside the
financial system and across financial sectors, were not covered in this work and
should be further explored in future exercises.



The scenarios designed for this exercise differ in the timing and ambition of
emissions reductions until 2030, combining, for the first time, NGFS transition
paths with the latest macroeconomic projections and energy developments.
The accelerated transition scenario assumes an immediate start of the transition that
Is compatible with the NGFS “net-zero by 2050” optimal path. Under the late-push
transition scenario, current macroeconomic and geopolitical conditions would lead to
a forward-push of the transition, which would start only after 2025 but would be
sufficiently intense to reach emissions reductions comparable with the accelerated
transition scenario. The delayed transition scenario assumes a late transition timing
and milder policy action, which would not be sufficiently ambitious to achieve
emission reductions similar to the other scenarios by 2030.



The results of this exercise reveal that an accelerated transition would provide
significant benefits for firms, households, and the financial system, compared
with a late-push transition scenario. Credit risk would increase during the
transition under all scenarios, and particularly in the event of late and abrupt actions
as envisaged under the late-push transition scenario. While the accelerated
transition would lead to greater costs for households and firms in the short term, due
to rapid and severe increases in energy prices, it would lower the financial risks in
the medium term thanks to more rapidly reducing energy expenses and to large
iInvestments in renewable energy capacity. At the same time, an early start of the
transition would allow banks to benefit from both lower credit risk and larger
Investment needs, thereby improving their income positions.



The accelerated and delayed transition scenarios would lead to similar risk
levels in 2030. They would, however, entail substantially different long-term
implications for both transition and physical risks. Under the accelerated
transition scenario, corporate and households’ risk exposure would start to decrease

in the second half of the decade, after significant transition progress, while under the
delayed transition scenario it would keep increasing until 2030 and potentially
further, due to a continuous increase in energy prices and less renewable energy
capacity. Moreover, given that the emission reductions by 2030 would not be
compatible with the maximum +1.5° temperature target by the end of the century,
stronger increases in temperature would be expected to lead to more frequent and
severe natural hazards in the long term.>? Given that temperature increases and
physical risk levels would depend on the action taken at global level, these
considerations would hold true only on the assumption that all global economies
reduced their emissions as envisaged under their respective (front-loaded) NGFS
scenario; the risks could be very different otherwise. Thus, assuming global efforts
were in line with the assumptions underlying the NGFS framework, in the event of a
delayed transition, firms and households might be more vulnerable to physical risk,
as well as potentially to the compounding effects of transition and physical risks
combined.



The transition impact would be highly heterogeneous across economic
sectors, with the largest tail risk for expected losses being experienced if the
transition were to happen late and abruptly.> Firms in the mining, manufacturing
and utility industries would be among those most severely affected by transition risk,
and therefore experience the largest impact on their balance sheets and
consequently on their financial risk. Due to their strong reliance on brown energy
sources, such energy-sensitive sectors would bear the largest costs in the form of
higher energy expenditure and the need for major investment in carbon mitigation
activities and renewable energy. Transition risk would affect vulnerable firms within
sectors disproportionately, especially under the late-push transition scenario. This
further illustrates the benefits of an early start to transition in order to mitigate the
costs and financial risks.



Both the accelerated and the delayed transition scenarios would increase
banks’ expected losses and provisioning needs in the short to medium term,
but would not seem to generate financial stability concerns for the euro area.
Higher corporate credit risk due to green transition would cause higher expected
losses for banks’ corporate loan and households’ portfolios. In 2030, the annual
expected losses for the median bank would be 48% higher under both the
accelerated and delayed transition scenarios compared with 2022 (also due to a
more uncertain macroeconomic environment). In addition, under the accelerated
transition scenario, expected losses would reach their peak in 2026 and decline
thereafter. At the end of the horizon, annual expected losses relative to portfolio size
for the median bank would be below 1% under all scenarios, and more than double

the median only in the tail (i.e. the worst 10% of bank-level distribution). The
heterogeneous results across exposures and banks would therefore suggest that a
more careful monitoring would be required for some subsets of entities and
exposures during the transition process.



Even though the field of climate stress testing is still in its early stages, the
findings of other jurisdictions’ climate stress tests align with the results of this
current exercise. The FSB and NGFS member institutions have already completed
35 exercises on climate scenario analysis; these vary widely in terms of
methodology, level of granularity, jurisdictions in scope, horizon and climate risks
covered. For abrupt transition scenarios in particular, other exercises have similarly
found that climate-related risks would be concentrated within sectors, giving rise to
large talil risk (Financial Stability Board, 2022). Other exercises focusing on the
Impact of transition risks on ltalian (Faelilla et al., 2022), Dutch (Caloia et al., 2022),
French (Clerc et al., 2021), and Canadian (BoC, OSFI, 2022) financial institutions
find effects for credit risks that are of a similar order of magnitude to this current
exercise and more pronounced In energy-intensive sectors, such as the
petroleum/oil sector.



Chart 1

The EU energy mix is dominated by oil and natural gas, but the share of renewable
sources has more than tripled over the last 30 years

a) EU aggregate final energy consumption by b) Energy mix by country
source

(percentages) (2021; percentages)
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Source: ECB calculation based on Eurostat data.

Notes: Primary energy is represented by the filled areas and corresponds to energy consumed directly without transformation.
Secondary energy is represented by dotted areas and is the transformation of primary sources into heat or electricity. Final energy
consumption comprises both household and corporate energy consumption.




Chart 2
Until 2021, the EU strongly relied on energy imports from Russia and other non-EU
countries

a) Energy import dependency ratio by country b) Extra-EU energy imports by energy source
and by supplier country (Russia vs other
extra-EU)

(2021; LHS: percentage share; RHS: million GWh) (2018-2021; annual average)

Bl Import dependency ratio (lhs) m oil
== Euro Area dependency ratio(lhs) Natural gas

Gross available energy (rhs) B Other
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Source: ECB calculations based on Eurostat data.

Notes: LHS stands for left-hand scale. RHS stands for right-hand scale. The import dependency ratios in panel a are calculated as
extra-EU energy imports minus exports divided by the sum of available energy per country. Extra-EU energy import shares are based
on averages of imported energy in the net mass.




Chart 5
GHG emissions’ pathways were calibrated to assess the impact of transition policies

on the real economy

= Accelerated transition
Late -push transition
= Delayed transition
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Source: ECB calculations based on European Environmental Agency (EEA), Eurostat and NGFS climate scenarios data.

Notes: Historical aggregated data on emissions were provided by the EEA and available until 2020. Quarterly emissions data for 2021
and 2022 were taken from Eurostat and aggregated at yearly frequency to complete the time series. The temperature increase refers
to the year 2100. The emissions pathways until 2050 correspond to the NGFS net zero 2050 (+1.5°C), nationally determined
contributions (+2.6°C) and current policies (>+3°C) scenarios.




Chart 10
Electricity and gas prices have been deeply affected by the energy crisis, with further
rises expected due to green transition

(EUR/MWh)

mm  Accelerated transition
Late -push transition
== Delayed transition

a) Electricity prices b) Gas prices

Source ECB calculations based on Eurostat and NGFS climate scenarios data.
Notes: The black dotted line represents historical data. For each country, Eurostat reports electricity and gas prices separately for
different consumption buckets. An average for the euro area has been calculated.




b) Cumulative capacity in renewables-based electricity (LHS) and investment costs of
renewable energy (RHS)

(left-hand scale: GWh; right-hand scale: USD (2021) / KWh)
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Source: ECB and ECB calculations based on Orbis, Urgentem, Eurostat, NGFS, BMPE macroeconomic projections, IRENA (2021)
and IPCC (2022) data.
Notes: The costs for renewable energy capacity investment were calculated as the average costs for investment in global electricity
capacity sourced from solar and onshore and offshore wind energy, weighted by the cumulative capacity of each renewable energy
source in each year and scenario, and were based on global prices and capacities, on the assumption that regional prices are driven
by movements in global markets. More details can be found in Annex A2.




Chart 15
By 2030 energy-intensive sectors would experience the largest deterioration in
profitability due to higher energy expenses

Change in sector-level profitability due to energy expenses between 2022 and 2030

(absolute difference in percentage points)
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Source: ECB calculations based on Orbis, Urgentem, Eurostat and NGFS data.

Notes: Tails are defined as the 25th percentile firm in terms of profitability changes between 2022 and 2030 in each sector and
scenario. Profitability is defined as the net profit (operating revenues minus operating and financial expenses) hefore tax over total
assets. ICT stands for the Information and Communication Technology sector.




Chart 17

Green investments relative to gross value added by sector

(percentages)
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Source: ECB calculations based on Orbis, Urgentem, Eurostat, NGFS, BMPE macroeconomic projections, IRENA (2021) and IPCC

(2022) data. ICT stands for the Information and Communication Technology sector.




Chart 21
By 2030 the strongest rise in probability of default would be in energy-intensive

sectors

Change in sector-level probabilities of default between 2022 and 2030

(absolute difference in percentage points)
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Source: ECB calculations based on Orbis, Urgentem, Eurostat, NGFS, BMPE macroeconomic projections, IRENA (2021) and IPCC

(2022) data.
Note: Tails were defined as the 75th percentile of firms in terms of PD changes between 2022 and 2030 in each sector and scenario.

ICT stands for the Information and Communication Technology sector.
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Chart 23
Space and water heating account for most household GHG emissions

Household GHG emissions by usage

(percentages, 2020)
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Source: ECB calculations based on Eurostat and Greenhouse Gas Protocol data.




Figure 5
Climate risk transmission to households

renewable energy

* Deterioration of disposable income due to higherenergy expenses

+ Greeninvestmentmodelling in theform of 1)increase in buildingsenergy efficiencyand 2)investmentsinto

+ Energy-based modelling based on country level energy mix and households'emission pathways & models
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Source: ECB.



Chart 24

More ambitious emission reductions driven by timely and intense investments would
lead to a greater reduction in energy expenses

a) Euro area aggregate of households’ energy

expenses over the eight-year horizon
(index; 2022=1)
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b) Euro area households’ green investments
over the eight-year horizon

(EUR billions)

25

20

15

1

o

]

0

B S1- Accelerated transition
S2 - Late-push transition
B S3-Delayed transition

2023 2024 2025 2026 2027 2028 2029 2030

Source: ECB calculations based on ECB, Eurostat, NGFS, BMPE macroeconomic projections, Greenhouse Gas Protocol and IPCC

(2022) data.

Notes: Panel b displays the euro area cumulative investments across time. They represent the debt taken on by eurc area households
under all three scenarios between 2023 and 2030, net of the repayments.




Chart 25
Green investments would affect income and residential real-estate prices
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Source: ECB calculations based on ECB, Eurostat and NGFS data.




Chart 26

Household portfolio credit quality deterioration would be almost double under a late-
push transition than under the other transition scenarios

b) Euro area average credit quality

a) Distribution across countries deterioration index
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Source: ECB calculations based on ECB, Eurostat, NGFS, BMPE macroeconomic projections, Greenhouse Gas Protocol and IPCC
(2022) data.

Notes: CQD stands for credit quality deterioration. The chart excludes outliers with an indexed CQD above the 95% percentile and
below the 5% percentile of the distributions.




Transition risk would be of varying magnitudes across scenarios and time,
and banks most exposed to transition risk would face large increases In
expected losses until 2030. The late-push transition scenario would generate the
highest annual expected losses from transition risk across scenarios and time,
peaking at €21 billion in 2029 (Chart 32), exacerbated by baseline losses due to
macroeconomic developments and current climate policies (green bars in Chart
31)%. Under the accelerated transition scenario, annual expected losses would rise
sharply in 2023 and peak at €13 billion in 2026, before declining to €6.6 billion by
2030. Under the delayed transition scenario, expected losses would increase by €9
billion until the end of the projection period, due to milder transition efforts, but would
be expected to increase further after 2030, due to greater long-term transition and
physical risks than under the accelerated and late-push transition scenarios.



Chart 32
Expected losses would vary substantially across time and scenarios

Annual expected losses on corporate and household loans by scenario and year
(EUR billions)
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Source: ECB calculation based on ECB, AnaCredit, Orbis, Urgentem, Eurostat, NGFS, BMPE macroeconomic projections and IRENA
(2021) data.

Notes: The shaded areas show the share of expected losses stemming from household exposures. The green bars show the baseline
losses stemming from the current policies and macroeconomic effects. The blue, yellow and orange bars show the expected losses
due solely to transitional efforts under transition scenarios S1, S2 and S3. Thus, the total sum of expected losses under S1, S2 and S3
is the sum of the green bars and the corresponding blue/yellow/orange bars. Losses from corporate loans represent 80% of total
AnaCredit exposures.




The estimates suggested a substantial market risk impact for non-bank
financial institutions, with variation between sectors and countries. Across all
three scenarios, the absolute losses of investment funds would range from around
10 to 18 € billion, while the estimates for losses for insurance corporations would
amount to around 6 to 16 € billion. The losses of pension funds are estimated to be
between 1 and 2 € billion in each scenario (Chart 37, panel a). Relative to the size of



Chart 37
Absolute and relative losses by type of non-bank financial institution in 2030

a) Absolute losses by non-bank b) Relative losses by country, sector and scenario
financial institution
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the size of an individual bubble, countries within individual non-bank sectors are separated into three groups based on the size of the
corporate bond their portfolios using terciles. The size of the bubble corresponds to the group.
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