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Introduction

Global warming is no longer a distant threat.l'! The Copernicus Climate Change Service has confirmed that

2023, 2024 and 2025 were the hottest years in recorded human history (Chart 1, panel a).[gl The changing
climate has also increased the frequency and intensity of extreme weather events: more severe
heatwaves, longer-lasting droughts, heavier rainfall and flooding, and more destructive wildfires, to name
just some cases (Chart 1, panel b). The evidence indicates that global warming has accelerated, with
recent studies indicating that the planet is heating faster than at any point since the start of the available

observational time series in the 1880s.! While climate change transition policies have been implemented
and are planned in many countries, the world is on a trajectory towards a warming of around 2.8 degrees
by 2100 under current policies and 2.3-2.5 degrees if all Paris Agreement policy commitments are

delivered.[%]



Chart 1
Climate change and EU climate policies
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Sources: World Meteorological Organization (WMO), International Foundation Big Data and Atrtificial Intelligence for
Human Development (IFAB), European Environment Agency (EEA) and ECB staff calculations.

Notes: Panel a): Average across nine global temperature datasets. Panel b): European Extreme Events Climate Index
(E3CI), combining seven extremes, including extreme max/min temperature, drought, extreme precipitation, hail, fire,
extreme wind. Standardised anomaly with respect to the reference values (1981-2010). For each individual category,
an index above 1 indicates an extreme event. The chart shows the arithmetic average across all seven categories. An
increasing average score indicates increasingly frequent and severe extreme events. Panel c): As of 2024, 14 EU
countries have implemented carbon pricing. The red dots refer to EU emission targets. The latest observations are for
left-hand side chart - 2025, middle chart - 2024 and right-hand side chart - 2024.

Global warming and the increase in extreme weather events cause substantial economic damage.

Recent analysis suggests that global GDP per capita would be more than 20% higher today had no

warming occurred between 1960 and 2019: this corresponds to a 0.3% reduction in the annual growth rate

over this period.@ While climate change might account for only a limited proportion of the annual variation

in growth rates, its persistence means that its cumulative impact is substantial.

In response, the European Union has agreed to ambitious climate policy targets, anchored by the Fit for 55
package - a set of laws adopted in 2023 committing the EU to reducing greenhouse gas emissions by at



least 55% by 2030, on the path to full climate neutrality by 2050 (Chart 1, panel ¢).[1 The EU commitment
to the green transition not only contributes to the required global slowdown in greenhouse gas emissions
but also increases the resilience of the European economy, including by reducing dependence on imported

fossil fuels.[

Overall, both climate change and transition policies are highly relevant for central banks through their
impact on output and inflation dynamics, together with their impact on asset prices, financial intermediation

and financial stability.[§]

For these reasons, in its 2021 Monetary Policy Strategy Review, the Governing Council committed — within
its mandate — to ensuring that the Eurosystem fully takes into account the implications of climate change

and the green transition for monetary policy and central banking.[Q] In line with this commitment, the ECB
and the Eurosystem have undertaken significant efforts to integrate climate change into their economic
analysis, modelling and forecasting and their assessment of the transmission, stance and design of

monetary policy.

In today's speech, | will describe how the ECB delivers on these commitments in the ways we monitor the
economy and formulate our monetary policy. In the first part of my speech, | will discuss the economic
analysis of climate change and the green transition at the ECB. In the second part, | will turn to the

implications for monetary policy.m]

Economic analysis of climate change and the green transition at the
ECB

In this section, | will first discuss how a changing climate affects output and inflation, in the near term and at
longer horizons. | will then examine the implications of the green transition for the euro area economy.
Finally, | will discuss how the ECB has expanded its macroeconomic modelling toolkit to incorporate these
factors and how it applies these expanded models in economic analysis and forecasting.

The impact of climate change on the euro area economy

Impact on output

Extreme weather events disrupt production, affect energy demand and supply, damage property and
infrastructure, and reduce labour supply. While any individual extreme weather event can be viewed as a
temporary shock to the economy, the cumulative effects of global warming can lower potential output
through the degradation and loss of agricultural land, shifts in tourism, higher rates of mortality and

sickness, climate-induced migration and reduced labour efficiency from higher temperatures.[ﬂ] In addition,
the uncertainty associated with more frequent extreme events can dampen investment and innovation,

weighing on future growth trajectories.[Q] As discussed above, the overall weight of analytical and empirical
research indicates substantial long-run economic damages from climate change, even if the range of

estimates varies widely.



The slow-moving negative trend contribution of climate change to output is relevant for monetary policy to
the extent that the trend in potential output anchors the analysis of shocks around the trend: mis-
identification of the trend in potential output can lead to mis-diagnosis of cyclical shocks. At the same time,
the primary focus of monetary policy is in managing cyclical shocks. In particular, purely transitory shocks
need not trigger a monetary policy reaction, whereas longer-lasting persistent shocks may call for an
adjustment in the monetary policy stance. It follows that, in analysing the cyclical impact of extreme
weather events, the persistence of the shock plays a central role in determining the implications for

monetary policy.

The effects of different types of extreme weather events also vary across countries and sectors. A detailed
study that assesses impacts from extreme weather in the short-term for Germany, France, Italy and Spain

reveals that activity in the pharmaceuticals sector appears to suffer especially under extreme heat.!'2] By
contrast, electricity and gas benefit from a boost in demand due to extreme cold snaps, while supply
disruptions or efficiency losses under extremely high temperatures curb activity at longer horizons.
Moreover, mining and construction appear to be particularly vulnerable to extreme rainfall, whereas these
sectors tend to be favoured by extreme droughts, reflecting the high exposure of their operations to
precipitation extremes.

In line with the findings in these studies, firms participating in the Survey on the Access to Finance of
Enterprises (SAFE) report somewhat heterogeneous views on how important are the consequences of
climate change (Chart 2). Firms located in parts of southern European countries attribute a higher
importance to the risk of extreme events (“natural hazard risk” in Chart 2), whereas the risks from nature
degradation are also assessed as high in parts of Germany and France (“degradation risk” in Chart 2).



Chart 2
Firms’ assessment of the importance of consequences of climate change for the next

five-years
a) Natural hazard risk b) Degradation risk
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Sources: ECB and European Commission Survey on the access to finance of enterprises (SAFE).

Notes: The maps show the weighted average score for the importance of consequences of climate change for firms
over the next five years by main socio-economic regions based on NUTS1 (2016 classification) in the euro area. Firms
were asked to indicate how important the consequences of climate change (natural hazards, environmental
degradation, and stricter climate standards) are for their current business model five years ahead on a scale of 1 (not at
all important) to 10 (extremely important). The weighted average scores at NUTS1 level are averages of the responses
within each bracket weighted by size class, economic activity, and country to reflect the economic structure of the
underlying population of firms.

Due to relatively low levels of insurance coverage, many firms in the euro area currently have to bear most
of the costs resulting from such extreme weather events (Chart 3, panel a). Recent research finds that
closing this climate insurance protection gap could help to lower the impact of natural catastrophes on GDP

(Chart 3, panel b).l'4]



Chart 3
Share of insured economic losses related to natural catastrophes in Europe, and impact
of large-scale disasters on annual GDP growth rate by share of insured loss
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Sources: European Insurance and Occupational Pensions Authority (EIOPA) dashboard on insurance protection gap
for natural catastrophes, European Environment Agency (EEA) Damaging earthquakes and secondary effects
database (CATDAT), Emergency Events Database (EM-DAT), Organisation for Economic Co-operation and
Development (OECD) and authors’ calculations. Giuzio, M., Rousova, L., Kapadia, S., Kumar, H., Mazzotta, L., Parker,
M. and D. Zafeiris (2026): “Climate change, catastrophes, insurance and the macroeconomy” European Economic
Review, Volume 182.

Notes: Chart a - data are available for countries of the European Economic Area. Chart b - based on quarterly panel
regressions for 45 OECD countries. The two panels in the right-hand side shows the percentage point impact of the
disaster on the year-on-year annual growth rate at the end of each quarter, from the disaster quarter (t=0) through the
following three quarters. Large-scale natural disasters are defined as events with total damages exceeding 0.1% of the
country GDP. The share of insured losses is defined as high when it exceeds the sample median of 35% (right-hand
side, left panel) and low when it falls below this threshold (right-hand side, right panel). The sample includes 45
countries for which the OECD provides quarterly GDP data from 1996 to 2019.

Impact on Inflation

Extreme weather events also matter for inflation volatility — with the most direct effect found for the impact

of summer heatwaves on food prices.[@ The heatwave during the summer of 2025 is estimated to have



increased unprocessed food prices in the euro area by 0.4 to 0.7 percentage points over the course of one

year (Chart 5, panel a).[ﬁ] The integration of weather data into non-linear machine learning models
improves the near-term forecast for unprocessed food inflation, even after accounting for a wide range of

commodity prices relevant for the agricultural sector (Chart 4).Iﬂ]

Chart 4
Forecasting unprocessed food inflation with a Random Forest model: the role of weather

variables
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Sources: Kuik, F., Osbat, C. and Vidal-Quadras Costa, I., forthcoming: Earth, Wind, Fire and grocery bills: exploring the
forecasting power of weather variables for euro area food inflation, forthcoming.

Notes: 6-months ahead forecast of unprocessed food inflation using a Random Forest model, with hyperparameters
tuned based on a training sample from 2000-2015, and the model re-trained with each month of additional data. The
model uses a wide set of explanatory variables, including weather indicators, global commodity prices relevant for the
food sector, energy commodity prices, EU agricultural commodity prices, producer prices in the food sector. Each
variable enters with 1-12 lags, and 12 lags of the target variable (unprocessed food inflation) as well as monthly
dummies are added. All variables enter without seasonal adjustment. The chart shows 12-months moving averages.

Looking ahead, a 2024 study estimated that future projected temperature increases could push up the
response of food prices to summer heat further: food prices in Europe could rise by around 1.8 percentage
points after an extreme summer in the climate that is expected to prevail in the 2060s, relative to a

hypothetic scenario without any climate change (Chart 5, panel b).[@] More frequent and more intense
shocks to food prices in a hotter climate would consequently also increase the volatility of food inflation.
Food inflation plays an outsized role in determining the perceptions of households about the prevailing

inflation rate and their near-term inflation expectations.@]



Chart 5
Impact of summer heatwaves on food prices
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Sources: ECB analysis based on Kotz, M., Kuik, F., Lis, E. and C. Nickel (2024): “Global warming_and heat
extremes to enhance inflationary pressures.” Commun Earth Environ 5, 116.

Notes: Both charts show the cumulative deviation of prices from baseline after 12 months due to extreme
June/July/August temperatures. The charts are based on combining elasticities of a 1°C increase in temperatures with
realised 2025 summer temperatures (chart a) and results from 21 global climate models (chart b). Elasticities are
estimated with a global panel regression approach, using monthly prices and high-resolution climate data. Chart b:
Projected temperatures of an extreme summer (i.e., in the upper tail of the temperature distribution) in future climates
are retrieved from climate model results under an optimistic (“below 2°C by 2100”, Representative Concentration
Pathway 2.6) and a pessimistic (“hot house world”, Representative Concentration Pathway 8.5) emissions scenario.
The estimates can be understood as the additional impact on food inflation attributed to future higher temperatures.
The approach does not make any assumptions about future inflation dynamics, macroeconomic factors or adaptation
to climate change and can therefore be understood as a stylised sensitivity analysis.

At the same time, the overall impact of climate change on headline inflation is not obvious, since the
upward impact of negative supply shocks on agriculture and food prices might be offset by climate change

related negative demand shocks in other components.@] A study of the four largest euro area countries


https://www.nature.com/articles/s43247-023-01173-x#citeas
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points to generally asymmetric and heterogeneous impacts of higher temperatures on inflation, depending

on the component, country and timing of the shock.211 In particular, increases in inflation rates following
higher summer temperatures are contrasted with an overall deflationary effect from higher temperatures
during the other seasons of the year. This is especially pronounced for energy inflation, which drops in
response to higher winter and spring temperatures, likely linked to a reduction in energy demand for
heating during warmer spring and winter seasons. The evidence in the literature is also mixed when it
comes to the impact of other types of extreme weather events or environmental degradation on different

inflation components and the medium-term outlook for inflation.[22]

Looking to the future, the climate-economy relation is non-linear.23] The crossing of climate "tipping points"
could trigger economic disruptions far larger than observed so far if self-reinforcing climate changes

become irreversible.22] How well economies adapt to a warmer climate will also affect the extent to which
climate change affects the level and volatility of output and inflation, adding a further layer of uncertainty.[&]

Challenges and opportunities of the green transition for the euro area economy

The adverse consequences of climate change underline the urgency of transitioning to net-zero emissions.
Decisive action to reduce greenhouse gas emissions will most likely be less costly than the macroeconomic

and societal burden of a world that continues to get hotter.[2%! In the EU, policies and actions to spur a
green transition are starting to take effect. In addition to the policies at EU level, countries have
implemented national climate policies.

Transition policies to meet the EU’s 2030 emissions target are likely to reduce growth and push up inflation
in the short term. The impact of additional policies needed to meet the EU’s 2030 emission reduction
target, on top of those that have already been implemented, can be assessed using scenario analysis.

For instance, the December 2025 Eurosystem macroeconomic projections included scenario analysis to

trace out the impact of alternative EU transition policies.[ﬂ] If the 2030 target is met solely through higher

carbon taxes (Chart 6, blue bars), the impact on inflation peaks at 0.4 percentage points above the

baseline in 2027 and remains elevated until 2030./28 However, such a surcharge on the price of dirty
energy alone cannot deliver the Fit for 55 targets for energy use and clean energy. In the Fit for 55 policy
mix scenario (Chart 6, yellow bars), which considers a mix of carbon taxes and non-carbon tax elements to
meet the 2030 emission reduction target, HICP inflation increases to a somewhat lesser extent in 2027 and
2028.

At the same time, the higher level of clean energy productivity assumed in this scenario increases the clean
energy share, and greater substitution elasticities reduce energy consumption, in line with EU targets. This
higher clean energy efficiency reduces the required carbon tax rates, mitigating both the fall in GDP and

the increase in inflation. This supports the view that the macroeconomic impacts of transition policies are

policy mix-dependent, which is also consistent with findings in the broader literature.[22]



Chart 6
Impact of climate policy scenarios on output and inflation
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Source: Aguilar Garcia, P., Durero, F., Ferdinandusse, M., Kuik, F. and Priftis, R. (2025): The macroeconomic impact
of climate change policies in the euro area, Eurosystem Staff Macroeconomic Projections for the Euro Area.
Notes: Charts show the impact of additional measures needed to meet the EU’s 2030 emission reduction target, on top
of those already implemented at national and EU level, using the New Area-Wide Model (NAWM-E). Scenarios are
based on the effective carbon price as calculated by the OECD, with the “Fit for 55: carbon tax” scenario satisfying the
target only through higher carbon prices and the “Fit for 55: policy mix” scenario considering a mix of carbon taxes and
non-carbon tax elements. The policy mix scenario also meets secondary targets on the clean energy share and energy
consumption, proxied through a 1.2% increase in clean energy total factor productivity, higher elasticities of substitution
between dirty and clean energy, as well as between energy and other inputs of production and consumption. The
impacts are reported relative to the December 2025 projections baseline. Simulations start in 2026 and assume that
economic agents have perfect foresight regarding the expected future path of the carbon tax and any productivity
changes. The policy rate remains constant throughout the projection horizon.

In general, the impact of the green transition on inflation remains uncertain, given that the green transition
likely incorporates short-run negative supply shocks but longer-run positive supply shocks and also
operates as multi-layered demand shock (positive for investment but negative for consumption).

In terms of positive supply shocks, large declines in the costs of transition technologies — notably wind,
solar and batteries — have resulted in increasingly competitive alternatives to carbon-intensive production
and power generation (Chart 7). Over time, the greater share of low-carbon electricity sources, and the
switch of passenger transport away from fossil fuels, is likely to affect the relative price and weight of
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electricity and motor fuel within HICP energy, and possibly the weight of energy in the overall basket. For
example, greater installation of renewable energy capacity is estimated to have already substantially

lowered electricity costs in Spain.@]

In terms of demand dynamics, some studies find a negative impact, since expectations of lower future
income depress current demand, driven by the anticipation of higher carbon prices in the future or if the
costs of the transition are expected to turn out to be higher than the gains in energy efficiency.m]
Chart 7
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Sources: Parker and Rodrigues: Overcoming_structural barriers to the green transition, ECB Economic Bulletin
Issue 1/2026, based on International Renewable Energy Agency (IRENA).

Notes: panel a) levelised costs incorporate the cost of financing, building and operating a new power plant over the
course of its projected lifespan. The fossil fuel range shown in the chart incorporates the worldwide average levelised
costs of coal and combined-cycle gas turbines. panel b) for each year, the project-level levelised cost of electricity
generation for newly deployed renewable energy is compared with the counterpart country or regional-weighted
average from fossil fuel sources. Where the levelised cost for renewable sources is below that of fossil fuels, the
project is labelled competitive, whereas it is labelled as needing support when it is above such levels.
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Two recent events have provided a stark demonstration of how the green transition generates a wider set

of gains beyond the decarbonisation of the economy.@] Europe was highly vulnerable to the supply
disruptions and price spikes in fossil energy prices seen when Russia invaded Ukraine in 2022, and again
at the start of the Iran war in spring 2026. In 2022, this vulnerability led to euro area energy inflation
peaking above 40%, pushing up headline inflation and subsequently passing through to core inflation.
Since the start of the Iran war at the end of February 2026, the prices of crude oil, natural gas and refined
diesel have increased sharply. While the overall impact on euro area inflation will depend on the scale and
persistence of the shock (together with the strength of indirect and second-round effects), consumer liquid
fuel prices have already increased rapidly following the developments in wholesale prices, driving up euro
area energy price inflation sharply from -3.1% in February 2026 to 5.1% in March and 10.9% in April 2026.
Yet the current energy crisis also shows the potential of renewable and nuclear electricity to shield
European consumers from fossil fuel price shocks: whereas wholesale — and then consumer — electricity
prices closely followed developments in gas prices during the 2021/2022 energy shock, their reaction to the
latest shock has been more muted in countries that have higher shares of renewable or nuclear electricity
(Chart 8).

Chart 8
Low-carbon electricity generation and electricity prices
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Sources: ENTSO-E (European Network of Transmission System Operations for Electricity), Refinitiv and ECB
calculations

Notes: The chart illustrates that wholesale electricity prices tend to have reacted less to higher gas prices since the
start of the Iran war in countries where the share of renewable and nuclear electricity generation is higher. Chart based
on daily data. Germany, Italy: yellow bars show electricity generation with renewables (no nuclear power in the energy
mix). Chart shows 7-day moving averages. The “2026 Iran war” vertical line refers to 28 February 2026. The latest
observations are from 22 April 2026.



Beyond the immediate impact on energy prices, a green transition that reduces dependence on foreign

inputs and on fossil fuels may eventually help to reduce inflation volatility.@] Model-based simulations
suggest that by reducing the reliance of the services and manufacturing sectors on fossil energy, the
sensitivity of consumer prices to changes in the prices of energy commodities would fall (Chart 9, panel a).
With a share of fossil energy 50 per cent lower than under the baseline, inflation volatility decreases
substantially (Chart 9, panel b). While both the services and manufacturing sectors benefit, it is particularly

the energy-intensive industrial sectors for which volatility is reduced.

It follows that a green transition leading to lower dependence on fossil fuel imports could have a triple
dividend: (a) cutting greenhouse emissions; (b) reducing the impact of global energy shocks on inflation;

and (c) and increasing energy security.



Chart 9
Change in inflation volatility and transmission of shocks after the green transition
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Source: ECB staff calculations based on Chafwehe, B., Colciago. A., and Priftis, R. (2025): Reallocation,
productivity, and monetary policy in an energy crisis, European Economic Review Volume 173.

Notes: The green transition is modelled as an environment where the share of energy from fossil fuels (“dirty energy”)
is 50% lower (35%) and the elasticity of substitution between dirty and clean energy is 50% higher. Chart a: deviation
from baseline response without a green transition. The inflationary consequences of a fossil energy price shock are
lower: as manufacturing relies more on (dirty) energy, the inflationary response after a green transition is relatively
weaker. Chart b: A green transition lowers inflation volatility by reducing the reliance of the services and manufacturing
sectors on fossil energy.

The additional investment required to overcome the barriers to the green transition is substantial. According
to recent estimates, changing technologies from carbon-intensive to carbon-free equivalents requires

additional investment of between 2.7 and 3.7 percent of EU GDP each year until 2030.124] These are not
marginal adjustments and represent a fundamental reorientation of the capital stock of the European
economy, with ancillary implications for the optimal public financial management.

In recent years, central bank analysis documents that the Next Generation EU (NGEU) programme, aimed
at supporting the green and digital transition, led to increased capital expenditure, both through direct
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government investment and via transfers to firms.22l In the period since the launch of NGEU in 2020, euro
area firms have overall associated the green transition with positive sentiment for investment, according to

text analysis of earnings calls in this period.@]

This is consistent with evidence from the ECB’s Corporate Telephone Survey, suggesting that the actions
needed to address climate change should be supportive of investment. In 2022, the ECB carried out a

survey of large corporates about the impact of climate change on activity and prices.m The responses at
the time indicated that climate change and related policies are expected to increase investment, especially
during the transition phase (Chart 10, panel a). At the time, more than 90% of respondents anticipated
higher investment during the transition phase, with two-thirds expecting this increase to be significant. And
even following the transition, 50% thought that investment would still be higher than in a hypothetical

baseline without any climate change or climate-related policies.€]
In a more recent survey in 2025, the firms identified, on average, more than 10% of their investment as

being dedicated to the energy transition.29 This was broadly comparable to the shares dedicated to
developing new products and services, rationalisation and efficiency, and the digital transition. Moreover,
after rationalisation and efficiency and the digital transition, the energy transition was seen as the third most
important driver of their investment growth in the euro area; ahead of the development of new products and
services, and ahead of traditional replacement and expansion investment (Chart 10, panel b).

In the same survey, around three quarters of the firms said that the climate crisis had been important in
causing them to rethink their investment strategies, although a similar share also cited climate regulation
and energy costs as factors constraining their investment in the euro area. More broadly, regular contacts
in the context of the Corporate Telephone Survey also suggest that the energy transition is a very
prominent factor in firms investment decisions. An analysis of interview summaries of past discussions
using ECB internal Al tools suggests a sharp increase in references to the energy transition and

decarbonisation around the turn of the decade whenever firms talked about investment.2Y Roughly
speaking, since 2020, if investment was discussed in one or more calls with a particular company in any
particular year, the chance that the energy transition featured in at least one of these discussions has been
about one-third, whereas a decade or so ago it was less than one-tenth (Chart 10 panel c).



Chart 10
Climate change and investment: insights from the ECB contacts with large firms
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Notes: Chart a - Respondents were asked in 2022 to assess the overall impact of climate change on different metrics
against a hypothetical baseline without any climate change or climate-related policies. Chart b - Respondents were
asked in 2025, “Of your total euro area investment, roughly what share is dedicated to each of the following areas?”
and “How do you expect your euro area investment in each of these areas to evolve over the next 3 years?”. The
evolution over the next three years is derived by aggregating the shares of firms replying “decrease by more than 20%”
(rounded to -20%), “decrease by 5-20%” (averaged to -12.5%), “roughly the same (+5%)” (averaged to 0%), “increase
by 5-20%” (averaged to 12.5%), and “increase by more than 20%” (rounded to 20%). Chart ¢ - Share of write-ups of
Corporate Telephone Survey calls featuring references to decarbonisation-related investment as a share of those
referring to investment generally.

In terms of overall investment dynamics, there are potential interactions between the green transition and

the Al transition.] In one direction, if the energy demand of Al is met by fossil fuels — as may be the case
in the short run, given the pace of renewable deployment — the digital transition could complicate the green
transition. Conversely, Al itself could be a powerful tool for optimising energy systems, accelerating clean



technology development, and improving climate modeIIing.[Q] Understanding their interaction — synergistic
in some respects, conflicting in others — is essential to enable an accurate medium-term assessment.

Modelling the impact of climate change and the green transition

The empirical evidence on the importance of climate change for macroeconomic developments creates a
clear demand: central banks need macroeconomic models and forecasting procedures that can reflect the

impact of a changing climate and keep track of the changing structure of the economy.[ﬂ]

Chart 11
December 2025 projections: effects of transition policies on headline HICP
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Source: Aguilar Garcia, P., Durero, F., Ferdinandusse, M., Kuik, F. and Priftis, R. (2025): The macroeconomic impact
of climate change policies in the euro area, Eurosystem Staff Macroeconomic Projections for the Euro Area.
Notes: Chart a — based on Eurosystem National Central Banks’ assessment. Chart b - in the projections baseline,
country-specific assumptions have been made regarding the speed and timing of the pass-through to consumer prices,
largely in line with historical patterns, and regarding the way ETS2 is introduced in each country. The scenario analysis
assumes full and immediate pass-through, and a replacement of national carbon pricing schemes by ETS2 in all
countries.
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Since 2022, the effects of climate policy measures in the near-term and medium-term are regularly

assessed in the context of the ECB macroeconomic projections exercises.**] The most recent assessment
— based on the models and data maintained by the national central banks — points to relatively small effects
on growth and inflation over 2026-2028 from changes in nationally-implemented green discretionary fiscal

policy measures (Chart 11, panel a).[4—5]

Additional effects come from policies implemented at European level. As regards the existing EU Emissions
Trading Scheme (EU ETS1), assumptions on its prices are included in the information set underpinning the
staff projections. Its impact on the euro area economy materialises indirectly, as the ETS1 mainly affects
the production costs of firms, including production costs in the electricity sector. However, the aggregate
impact of recent changes in the carbon price under the EU ETS1 on euro area headline inflation has been

limited. 48!

The most notable effect is expected to arise from the planned introduction in 2028 of the new EU
Emissions Trading System for emissions from transport, building heating and small industrial installations,
the ETS2. The prices will be determined by the market and there is still uncertainty around how they will
evolve. Assuming a price of 46 EUR per ton of CO2 in 2028, the Eurosystem staff baseline estimate from
the December 2025 projections was that the introduction of the ETS2 will add around 0.2 percentage points
to headline inflation in 2028 (Chart 11, panel b).

Scenario analysis is a particularly useful tool when it comes to assessing the risks and uncertainties
surrounding the macroeconomic impacts of climate change: the trajectory and effects of climate change
crucially depend on how successfully emissions will be reduced, but also on how effectively the economy
adapts to a warmer climate and more extreme weather. At the same time, there is also still uncertainty
about the evolution of EU climate policies, in particular carbon price pathways. As an example, the
December 2025 Eurosystem staff macroeconomic projections assessed the range of likely impacts from
the introduction of the ETS2 (Chart 11, panel b). Extreme weather events affecting food commaodity prices
were also considered as a risk factor that could push up food prices.

The ECB has also made considerable progress in developing macroeconomic models that can be used to
explore the impacts of climate transition policies and their implications for monetary policy conduct.
Examples include an extension of the main structural models: the New Area Wide Model (NAWM-E), and

its multi-country counterpart DREAM.] These models include a disaggregated energy sector, where
energy is used for consumption and production. Energy is produced using a “dirty” composite and a “clean”
composite, where each composite in turn uses natural resources. Production of dirty energy leads to
carbon emissions being released as a byproduct.

The NAWM-E is regularly used to complement the assessment of different climate-related policies in the
macroeconomic projections (see Chart 7). This analysis complements the assessment of the Eurosystem
National Central Banks of the impacts of policies implemented at national and EU level, and makes it
possible to derive the potential effect of additionally necessary climate policy measures in a more stylised



way. Its starting point is the finding of an “emissions gap” — a gap between the likely emission reductions of
implemented policies, and those needed to meet the EU’s climate goals.

In order to make the modelling approach more robust, improve our understanding of transmission
channels, and account for heterogeneity across different models, ECB staff contributed to two model
comparison exercises to assess the macroeconomic impacts of carbon transition policies and fossil fuel
price increases: one exercise examined the NAWM-E and other satellite models at the ECB; the other

exercise ran comparisons with models from other institutions as part of the Network For Greening The

Financial System (NGFS).28 Both exercises indicate that higher carbon prices are associated with a
moderate decline in output and upward pressure on inflation, with the magnitude of these effects highly
sensitive to assumptions about the degree to which households are forward or backward looking, energy
substitutability, renewable supply responsiveness and capital adjustment.

In the ECB exercise, a stylised carbon tax path aligned with an international net-zero scenario leads to a
gradual and limited but persistent drop in GDP by 2030 and a moderate, fading inflation impact with some

differences in near-term inflation dynamics (Chart 12).49 In the NGFS exercise, the responses to
temporary increases in the price of fossil fuel are short-lived for both output and inflation, whereas
permanent increases cause more persistent output losses and inflation dynamics that depend crucially on
monetary policy and expectation formation.



Chart 12
Macroeconomic effects of carbon taxes

a) Euro area real GDP b) Euro area headline HICP
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Sources: Brand, C., Coenen, G., Hutchinson, J. and A, Saint Guilnem (2023): The macroeconomic implications of
the transition to a low-carbon economy, ECB Economic Bulletin Issue 5/2023

Notes: These charts show the impact (range and median) that the carbon tax scenario has on euro area real GDP and
headline inflation between 2022 and 2030. The scenario is compared with a baseline which assumes that there is no
further change in the carbon tax and that no climate events occur. Fiscal policy is sufficiently passive and, depending
on the model, carbon tax revenues are paid back to households as a lump sum or used to reduce public debt. The
model-specific interest rate responds to a measure of inflation and activity. Panel b): differences in near-term inflation
dynamics depend on the model type. In DSGE models used, the impact is more frontloaded, with firms setting their
prices in a more forward-looking manner, also factoring in energy price increases in the future. In other models with
more backward-looking price-setting behaviour of firms, the inflation impact is more gradual.

While there has been important progress in modelling the macroeconomic impact of transition policies, it
remains challenging to integrate long-run climate change into higher-frequency macroeconomic models.
However, it is essential that the two-way interaction between longer-run and shorter-run frequencies is
properly recognised. For instance, the design of transition policies should take into account not only their
long-run impact but also their interaction with near-term output and inflation dynamics, taking into account

the nominal rigidities that shape the immediate responses to policy shifts.2Y In addition, specific aspects of

climate change can be captured via dedicated satellite models.
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In order to keep up with the changing reality of climate change and the adjusting economy, the Eurosystem
will need to continue to assess and incorporate the impact of transition policies in its forecasting and

51
models.[_] As the ambitious “Fit-for-55” policies are gradually phased in between 2026 and 2030, it will be

important to regularly re-assess the macroeconomic effects of these policies in the projections for the euro
area. Amid a highly uncertain environment, alternative climate scenarios to reflect climate-related risks
should also increasingly be integrated into macroeconomic models and the analytical framework used for
the macroeconomic projections for the euro area. And it will be increasingly important to better understand
the macroeconomic effects of the evolving climate crisis, including climate change adaptation. This includes
the structural consequences of the green transition, and its linkages with other structural developments
such as geopolitical fragmentation, fossil energy price shocks, and Al — drawing not only on Eurosystem
research but also findings from the wider research community.

Monetary policy implications

Let me now examine how climate change and the green transition affect our thinking about monetary
policy. | will first discuss how climate factors can affect the strength of monetary transmission. | will then
turn to how climate factors can influence the monetary policy stance, both through their contribution of
macroeconomic shocks and their impact on the neutral rate. Finally, | will outline how climate factors
influence the design of our monetary policy instruments.

Monetary policy transmission

A precondition for monetary policy to be effective is that it transmits smoothly and reliably through the
financial system and to the spending decisions of firms and households. Climate change and the green
transition can affect the transmission mechanism in two ways: (i) by independently influencing financial
conditions that can either reinforce or work against the monetary policy stance; and (ii) by altering the

sensitivity of firms, households and financial intermediaries to the monetary policy stance.

Economic research and survey evidence, much of which has been produced at the ECB, provide some
initial insights into how climate-related factors can affect transmission. Even if the quantitative scale of
these effects might be limited today, their impact may strengthen in the future as the climate deteriorates
and the green transition advances. Accordingly, it is appropriate to embed these climate factors into the

information set underlying our integrated and comprehensive assessment of the transmission process.@]



Chart 13
Cumulative returns of long-term bonds regressed on physical risk beta after Paris

Agreement
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Sources: Bats, J., Bua, G. and Kapp, D. (2024), Bloomberg, iBoxx.

Notes: Fama-Macbeth cross-sectional regressions of the future cumulative excess returns of long-term bonds. To
facilitate the economic interpretation of the results, the y-axis shows the average Fama-Macbeth slope coefficients
multiplied by the difference in the average physical risk beta between lowest and highest portfolios. The data cover the
period from January 2015 to September 2021, after the (anticipation of the) Paris Agreement. The dotted lines
represent the 90% confidence intervals using Newey-West adjusted standard errors.

One key transmission channel works through asset prices. Evidence from the earnings calls of a sample of
US and European firms suggests that the perceived cost of capital has declined for green firms relative to

brown firms since 2016.[23 In a related vein, recent ECB research indicates that climate risk weighs

significantly on long-term corporate bond returns (see Chart 13).@] Conversely, bonds that are either
explicitly labelled as green or issued by firms with strong environmental scores benefit from lower yields
than otherwise similar securities. This green premium, or “greenium”, varies over time, for instance in

response to uncertainty about transition policies or the physical effects of climate change.@]

Besides creating an independent source of variation in financial conditions, climate factors may also to
directly shape the transmission of monetary policy. For instance, some recent evidence for the euro area
suggests that monetary policy shocks have asymmetric effects on the equity valuations of green and brown

firms.[28] This means climate factors may act as a self-standing source of heterogeneity (across firms,
sectors and regions) in monetary policy transmission.



Climate considerations are also relevant for the bank lending channel of monetary policy transmission. In
particular, banks in the euro area account for climate considerations when deciding on the allocation of
credit. According to the results of our bank lending survey, lending conditions are easier for firms with low
carbon emissions or credible decarbonisation plans and tighter for high-emitting firms that lack such plans

(Chart 14, left panel).2Z]

Chart 14
Impact of climate change on banks’ credit standards

(net percentages of banks; over the past 12 months and the next 12 months)
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Sources: ECB Bank Lending Survey (BLS) and Koéhler-Ulbrich, P., Schuster Y. and Tushteva, N. (2025), "Climate
performance matters for bank credit in the euro area", The ECB Blog, 10 November.

Notes: Net percentages are defined as the difference between the percentages of banks responding “contributed
considerably/somewhat to tightening” and the percentages of banks responding “contributed somewhat/considerably to
easing”. The striped bars denote expectations indicated by banks in the latest round.

Similarly, banks also tend to charge higher lending rates to high-emission than low-emission firms and
higher rates to firms that lack credible emission reduction targets compared with those firms which have

committed to reduce carbon emissions (Chart 15).@] In addition, the contractionary effect of tighter
monetary policy on lending is milder for low-emission firms, in terms of both credit standards and loan

volumes.29!
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Chart 15
Average interest rates charged on bank loans
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Source: Altavilla, C., Boucinha, M., Pagano, M. and Polo, A., (2024), “Climate risk, bank lending_and monetary
policy”, Working Paper Series, No 2969, ECB .

Banking supervision plays an important role in this context.[®y Banks under the ECB’s supervision have
started to implement frameworks to monitor and manage climate risk and have included climate risk in their
stress testing frameworks. This encourages banks to take climate risk into account in their credit risk

management.
Credit ratings may add to this disciplining effect. In particular, recent research shows that firms with high

carbon emissions have seen a deterioration in their ratings following the Paris agreement.[ﬂ] At the same
time, the same analysis indicates that firms can mitigate this adverse effect on ratings by disclosing

emissions and committing to reduce them.

While much of the emphasis has been on firms, similar patterns emerge for the household sector. In
particular, bank lending conditions for residential mortgages are now bifurcated by energy performance:
conditions are easier for high-performance buildings and tighter for low-performance buildings (Chart 14,

right panel).@] As these differentials widen and are reflected in house prices, the real-estate collateral
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underpinning much of household credit becomes more climate-sensitive, adding volatility to the wealth and
balance-sheet channels of transmission.

Just like for the direct transmission to financial markets, climate factors also affect the bank lending channel
in two ways: first, climate factors introduce an additional source of variation we need to understand in order

to judge the prevailing ease or tightness of financing conditions for firms and households; and, second,
climate factors alter how financing conditions react to a given change in monetary policy.

Finally, banks are themselves affected. In particular, banks with higher exposure to transition risk face
elevated borrowing costs in interbank repo markets, a premium that intensifies during periods of financial
stress (Chart 16). This bank-level fragility can amplify or attenuate the pass-through of the policy rate
depending on the exact circumstances.

Chart 16
Estimated increase in the repo rates of banks associated with a one-standard-deviation
increase in financed emissions, by repo collateral type
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Sources: MMSR, AnaCredit, RIAD, EU Emissions Trading System, Eurostat air emissions accounts, Office of Financial
Research and Giuzio, M., Kahraman, B. and Knyphausen, J. (2026), “Climate change, bank liquidity and systemic
risk”, Working Paper Series, No 3168, ECB.

Notes: Estimates are based on a panel regression in which the dependent variable is the repo rate spread over the
deposit facility rate of the ECB. The full sample includes all O/N, S/N, and T/N transactions. Results are also reported
for subsamples of transactions collateralised by bonds issued by non-financial corporations, financial corporations, and
general government. Financed emissions are measured as banks’ volume-weighted emission intensities at the bank-
year level, computed from all commercial loans exceeding €25,000 and scaled by bank revenues. Control variables
include bank size, leverage ratio, liquidity ratio, capital ratio, and return on assets. Periods of financial stress are
defined as observations in which the Office of Financial Research Financial Stress Index falls within the top tercile of its
distribution over the period 2019-22.
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Over a longer horizon, it is important to recognise that the structure of the European financial system may
adapt in response to the structural financing needs generated by climate change and the green transition.
In particular, innovative green technologies inherently carry higher risk, making bank funding more costly
and less available. The enhanced provision of risk capital via financial markets, supported by progress with
the EU Savings and Investment Union, could mitigate this challenge.

This includes expanded roles for equity funding and state-contingent bond funding. For instance, in the
ECB’s SAFE, firms reported that they consider the equity market as a relevant source for financing the

green transition.[63! Conversely, greater use of equity finance tends to go along with lower CO2 emissions,
in particular by inducing carbon-intensive sectors to reduce emissions relative to output, and potentially

also by reallocating investment towards less polluting sectors.[64]

In relation to the bond market, while the euro area issuance of sustainable bonds has increased in recent
years, its share in the overall issuance of euro area debt securities has remained limited, standing at
around 6% in early 2026 (Chart 17). At the same time, the EU is set to become the world’s largest issuer of
green bonds which may benefit both the environment and the EU if investors are willing to pay a
“greenium”. As part of the NGEU, the European Commission has pledged to issue up to €250 billion or
30% of the NGEU bonds, as green bonds, confirming its commitment to sustainable finance and supporting

the transition towards a greener Europe.[6—5] Thus, the EU is not only entering the green bond market, but it

is also set to become one of the biggest green bond issuers gIobaIIy.@] So far, the EU has issued five
green bonds that have been absorbed well by investors and amount to €80 billion, while the outstanding
amount of conventional EU bonds stands at around €674 billion. This suggests that green bonds not only
support climate-related projects, but also benefit from favourable pricing dynamics, reinforcing their
importance for the EU in the transition to a sustainable economy.

If such structural changes in the euro area financial system, like more equity funding and a larger green
bond market, take place, these will alter the transmission mechanism of monetary policy, with a lower
relative role for the bank lending channel and a larger relative role for market-based transmission.

Finally, public support mechanisms, such as subsidised loans and public guarantees, could boost progress

in the green transition.[® While transition and physical risk tighten lending conditions by generating higher
credit risk, climate-related fiscal support can have an easing impact on bank lending conditions, supporting
loan demand and fixed investment (Chart 18).



Chart 17
Euro area issuances of sustainable debt securities

(Left-hand scale: EUR, outstanding amounts at face value; right-hand scale: percentages)
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Source: Centralised Securities Database (CSDB).

Notes: Issuance for all levels of assurance. “Share of total euro area debt securities issuance” refers to the amount of
all sustainable securities categories as a share of all debt securities issued in the euro area. Green bonds are debt
securities whose proceeds are used to finance projects with clear environmental benefits. Sustainability bonds are debt
securities whose proceeds are used to finance a combination of both green and social projects. Sustainability-linked
bonds are debt securities for which the financial and/or structural characteristics can vary depending on whether the
issuer achieves predefined sustainability/environmental, social and governance (ESG) objectives. Social bonds are
excluded; these are debt securities whose proceeds are used to finance projects that address social issues and seek
to achieve positive social outcomes.



Chart 18
Impact of selected climate-related factors on bank lending conditions and loan demand
from firms
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Notes: The chart shows how climate-related factors contribute, according to the banks, to the impact of climate change
on bank lending conditions and loan demand from firms. For bank lending conditions, positive values denote a
tightening impact, while negative values denote an easing impact. For loan demand, positive values denote a
supportive impact, while negative values denote a dampening impact of the respective factors. The last period denotes
banks’ expectations for the coming 12 months, reported in the third quarter of 2025.

The monetary policy stance

Beyond transmission, climate change and the green transition alter the strategic environment for monetary
policy in three dimensions: the frequency of shocks; the trade-offs these shocks entail over typical policy

horizons; and the neutral policy rate.[¢]

Besides raising the frequency of shocks, the nature of the shocks originating from climate factors poses a

challenge for the monetary policy stance. This is because physical climate events tend to generate adverse

supply conditions, at least initially.@] For instance, examining extreme temperature events across Europe
for over a century, recent research documents a tendency for output to fall and inflation to rise, thus

creating a dilemma between price stability and supporting the economy.@]

At the same time, supply contractions are not the only mechanism through which climate shocks may affect
the economy. For example, by reducing wealth and income — and thereby causing a risk-induced tightening



of financing conditions and falling collateral values, as well as a generalised deterioration of confidence, the

initial supply shock may also weigh on demand.!”! That may explain why the historical pattern has been for
central banks to ease monetary policy in response to episodes of abnormally high temperature, in order to

offset the loss in output rather than leaning against the rise in inflation.’2]

However, uniform policy prescriptions cannot be derived from these historical patterns. For instance, if
climate-related shocks grow more frequent and salient, the risk of de-anchored inflation expectations
becomes more acute. If so, always looking through climate-driven supply shocks may not always present

the most appropriate choice.l”:]

How climate-related disruptions in general, and specific climate events in particular, feed through to
inflation and the economy in the medium-term remains highly uncertain and dependent on the scale,
persistence and type of shock, as well as the conditions prevailing at its inception. This uncertainty calls for
a data-dependent, case-by-case approach to determining the policy response.

The nature of shocks may also become harder to disentangle as climate change is accompanied by
mitigation measures. As discussed above, the direct impact of climate change can be viewed as an
adverse supply shock. While transition measures add to cost-push dynamics (e.g. rising carbon-related

taxes) to some degree, but also can constitute a positive demand shock through the associated higher
investment in abatement and mitigation measures.”2] Furthermore, uncertainty about the future path of
climate policies is an additional dimension of macroeconomic risk.[”2]

In terms of the impact of monetary policy on the green transition, monetary policy tightening both slows
down the transition away from fossil fuels (by lowering oil and gas prices) and worsens the financing

conditions for green innovators, which tend to be disproportionately reliant on external finance.[8] Subject
to the robust anchoring of inflation expectations (as discussed above) and within the context of a medium-
term inflation-targeting framework, such considerations can be relevant in determining the speed at which a

central bank returns inflation to target following an inflation shock.[Z1]

At the same time, the scale of the impact of the green transition on inflation and output dynamics is likely to
remain moderate under realistic policy scenarios. As discussed earlier, ECB analysis of carbon price paths
consistent with the International Energy Agency’s net-zero scenario finds that their impact on euro area
GDP and inflation over the current decade would be moderate, with only modest inflation-output trade-offs

for monetary policy as it seeks to preserve price stability (Chart 19).[8l However, the flip side of this finding
is equally important: the estimated reductions in carbon emissions by 2030 under such a path would be
limited, amounting to around one-quarter of the EU’s intermediate emissions target. Achieving the deeper
cuts to emissions required to stay on track with EU climate commitments would require substantially higher
carbon prices, with correspondingly larger effects on inflation and output and more significant trade-offs for

monetary policy.



Chart 19
Monetary policy response to carbon tax policy
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Sources: Brand et al., (2023), op. cit.. Based on results from Coenen, G., Lozej, M. and Priftis, R. (2023),
“Macroeconomic effects of carbon transition policies: an assessment based on the ECB’s New Area-Wide Model with a
disaggregated energy sector”, Working Paper Series, No 2819, ECB; May; Priftis, R. and Schoenle, R., “Fiscal and
macroprudential policies during_an energy crisis”, European Economic Review, Vol 179, October 2025; E Ferrari,
A. and Nispi Landi, V., (2023), “Toward a green economy: the role of central bank’s asset

purchases”, International Journal of Central Banking, Vol 19, No 5, December; McKibbin, W.J. and Wilcoxen, P.J.,
“The theoretical and empirical structure of the G-Cubed model”, Economic Modelling, Vol 16, No 1, January
1998, pp. 123-148; Hantzsche, A., Lopresto, M. and Young, G. (2018), “Using NiGEM in uncertain times:
Introduction and overview of NIGEM”, National Institute Economic Review, Vol 244, May, pp. 1-14; and Oxford
Economics’ Global Economic Model.

Note: The chart displays the impacts (range and median) of the carbon tax scenario on the short-term nominal interest
rate between 2022 and 2030.

Climate change and transition policies may also affect the neutral real interest rate which — in the absence
of major shocks — stabilises inflation around target and closes the output gap. In particular, key structural
drivers of the neutral rate, such as productivity growth and the saving-investment balance, are likely to be
affected by climate change.

However, the direction of this impact is uncertain in net terms.”] For instance, climate damages divert

resources from innovation and reduce total factor productivity growth.@] Moreover, they increase
precautionary saving as households and firms seek to insure against risk, especially if insurance

companies retreat following natural catastrophes.[ﬂ] Both effects would tend to depress the neutral rate,

especially if the supply of safe assets is structurally scarce and inelastic.[22] By contrast, the massive
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investment needs of the green transition and adaptation, including from fiscal authorities, and the

innovation incentives created by the deployment of clean technology could raise productivity and push the

neutral rate upwards.@] Given these opposing forces, the net impact on the neutral rate is an empirical

matter that will be closely monitored by ECB staff.[84]

Monetary policy design: greening the ECB’s instruments

The ECB has so far revised two components in the design of its toolbox of monetary policy instruments.
First, the Eurosystem introduced a tilting framework for corporate asset purchases that steered
reinvestments toward issuers with better climate performance. Financial disclosures show that this has

played a meaningful role in reducing financed emissions in monetary policy portfolios since 2021 189

Second, in July 2025, the Governing Council decided to introduce a new measure within the collateral
framework to better manage financial risks related to the climate transition. This will be applicable to

marketable assets issued by non-financial corporations from the second half of 2026.

The case for these steps is grounded in risk management as well as in the ECB’s mandate to support,

without prejudice to price stability, the general economic policies in the EU, including environmental

protection.@] In particular, climate-related risks may weigh on the value of collateral, asset prices and
credit risk, potentially exposing the Eurosystem balance sheet and affecting the transmission of monetary
policy. For these reasons, adjusting the portfolio composition and collateral framework to reflect these risks
is a mandate-consistent response, not an extension of the mandate. The design of the operational
framework will also aim to incorporate climate change-related considerations into structural monetary policy

operations.[&/]

Conclusion

Let me summarise the main points. First, climate change both reduces the trend level of output and
increases the volatility of output and inflation, including through the increased frequency and severity of
extreme weather events. Second, the investment requirements associated with the green transition are
making a material contribution to investment dynamics. Third, while the rise in carbon-related taxes
imposes some short-term costs, the shift towards renewables will make the euro area more resilient by
reducing dependence on fossil fuel imports and should also ultimately reduce the volatility of inflation.
Fourth, there have been major advances in Eurosystem’s analytical toolkit for assessing the impact of
climate change on inflation and growth especially in scenario analyses, even if the full incorporation of

climate change into the ECB’s macroeconomic models is still a work in progress.

Fifth, in relation to the calibration of the monetary policy stance, the joint impact of climate risk and the
green transition is both an independent source of variation in financing conditions and also alters the
sensitivity of the financial system and the economy to shifts in the monetary policy stance.

Sixth, both physical climate events and transition measures can generate cyclical dynamics that may call

for a monetary policy response: however, there is no “one size fits all” playbook in terms of determining the



net impact on the stance. Seventh, in related manner, climate risks and transition policies may also

influence the neutral rate but the net impact remains unclear.

In the context of high uncertainty about the precise timeline for global warming, a data-dependent approach
provides the best framework for monetary policy decisions. But the information set we need to track is
increasingly shaped by the physical and transition dynamics of climate change. That is the challenge and

the commitment that guides our work.
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