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Abstract 

Climate-related stress testing translates physical and transition hazards into banking losses, yet European 

exercises differ materially in horizon, balance-sheet assumptions, portfolio coverage, and purpose. This 

article asks what those exercises reveal about the resilience of European banking portfolios and how 

environmental, social, and governance risk management must develop. A structured comparative review 

of the twelve supplied supervisory publications and recent peer-reviewed research finds that aggregate 

systems generally absorb tested losses, but resilience is conditional. Disorderly transition produces 

concentrated impairment in carbon-intensive sectors, whereas unmitigated physical risk dominates over 

longer horizons through collateral damage, business interruption, and declining insurance. Reported losses 

are often lower bounds because market, liquidity, operational, litigation, and second-round channels 

remain incomplete. Banks should therefore integrate counterparty transition plans, geocoded collateral, 

climate-sensitive credit parameters, dynamic multi-hazard scenarios, and links to pricing, provisioning, 

capital planning, and portfolio strategy. Orderly transition is the least-cost route, provided that steering 

supports credible corporate adjustment rather than abrupt or socially regressive withdrawal. 

 

Keywords: Climate Stress Testing, ESG Risk Management, European Banks, Physical Risk, Transition 
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1. Introduction 

Climate change is not a discrete banking risk that can be contained within a specialist sustainability 

function. Physical and transition drivers alter borrower cash flows, collateral values, market prices, 

operational continuity, liquidity, legal exposure, and reputation, and therefore enter the conventional 

categories through which bank risk is measured and governed [1, 2]. Acute events include floods, storms, 

wildfires, and droughts; chronic processes include heat stress, sea-level rise, water scarcity, and declining 

labour productivity. Transition risk is generated by changes in carbon prices, regulation, technology, 

consumer demand, litigation, and investor expectations. The interaction of these drivers is non-linear: a 

delayed policy response can reduce near-term adjustment costs while increasing both the abruptness of 

the eventual transition and the cumulative physical damage that has already become unavoidable [3, 4, 5]. 

European banking systems are particularly important because bank lending remains the dominant source 

of external finance for many European firms, including small and medium-sized enterprises. Their 
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portfolios therefore transmit climate shocks to the real economy, but also determine whether investment 

in mitigation and adaptation can be financed. Climate-related stress testing has consequently developed 

from an exploratory horizon-scanning tool into a core element of supervisory assessment. The Bank of 

England’s 2019 insurance exercises first used common climate narratives to raise board awareness and 

test difficult-to-measure risks, without treating the exercise as pass or fail or using it to set capital [6, 7]. 

Subsequent exercises by De Nederlandsche Bank, the French authorities, the Deutsche Bundesbank, the 

Oesterreichische Nationalbank, the European Central Bank, and the Bank of England progressively 

increased sectoral, geographical, and counterparty granularity [8, 9, 10, 11, 12, 13]. 

Several authorities describe average losses as moderate, manageable, or bearable, but that interpretation 

is incomplete. Average effects conceal concentrations by sector, region, collateral, and business model. 

Static and dynamic balance-sheet assumptions can either increase measured losses or transfer them to 

customers and the economy. Important channels are also omitted and macroeconomic backgrounds are 

often mild, so outputs are not comparable with conventional solvency stress tests and may understate tail 

losses [14, 15, 16]. 

The research question is therefore: what do European climate stress tests reveal about portfolio exposure 

and resilience to physical and transition risk, and how should ESG risk management transform while banks 

finance net zero? The article compares the principal exercises, separates aggregate solvency from portfolio 

vulnerability, tests the robustness of their conclusions, and derives an integrated management agenda. Its 

central argument is that European banks are resilient only conditionally: current capital absorbs many 

modelled losses, but identification, pricing, and adaptation remain inadequate for more severe, correlated, 

and path-dependent shocks. 

 

2. Conceptual Framework and Review Method 

2.1 Climate-Risk Transmission through Banking Portfolios 

Physical risk reaches a banking portfolio through several linked channels. Direct damage can reduce the 

productive capacity and revenues of corporate borrowers, interrupt supply chains, and increase operating 

and insurance costs. For households and property companies, a hazard can reduce collateral values, 

increase loan-to-value ratios, and impair market liquidity. Mortgage evidence shows that sea-level rise, 

flood exposure, and disaster risk are reflected unevenly in property prices and credit terms, partly because 

beliefs, insurance arrangements, and securitisation incentives differ [17, 18, 19, 20]. For smaller banks, 

physical exposure is often local and concentrated, making geocoded analysis more informative than 

national sector averages [21]. Climate vulnerability can also raise sovereign borrowing costs, reduce fiscal 

space for disaster support, and thereby weaken the public backstops on which financial resilience partly 

depends [22, 23]. 

Transition risk enters through the profitability and creditworthiness of counterparties whose technologies, 

products, or input structures are incompatible with a lower-carbon economy. Empirical lending studies 

find that environmental records, emissions, carbon taxes, and policy salience increasingly affect spreads, 

maturities, and credit allocation, but the response is heterogeneous across banks, countries, and borrower 

types [24, 25, 26, 27, 28]. European evidence indicates some reallocation away from carbon-intensive 

lending after the Paris Agreement, yet public climate commitments are not always matched by balance-

sheet change [29, 30]. More recent work shows that cap-and-trade exposure and stranded fossil-fuel 

reserves are priced when risk is observable and policy-relevant, while green borrowers receive better terms 
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principally when their performance is credible and lenders themselves possess stronger environmental 

capabilities [31, 32, 33, 34]. 

Market prices can transmit climate news more quickly than accounting-based credit models. Carbon 

emissions, policy uncertainty, climate activism, and firm-level exposure are associated with equity, option, 

and bond repricing [35, 36, 37, 38]. Sustainable assets can earn lower expected returns in equilibrium 

because investors value their hedging and non-pecuniary attributes, while unexpectedly strong demand 

for green assets can produce realised outperformance [39, 40]. Climate policy also affects investment, 

financing constraints, and production networks, so portfolio losses need not be confined to sectors 

conventionally classified as carbon intensive [41, 42]. Event studies around elections and climate activism 

confirm that transition expectations can move valuations abruptly, which is precisely the type of volatility 

that smooth long-run scenario paths tend to suppress [43, 44]. 

These channels create feedbacks. Banks may respond to increasing risk by repricing, reducing maturities, 

tightening collateral requirements, or withdrawing credit. Such actions protect individual balance sheets, 

but simultaneous de-risking can depress asset prices, impair investment, and increase default rates. 

Network models show that common exposures and interconnections can amplify transition shocks across 

banks and investment funds [45, 46]. Conversely, recovery lending after a disaster can stabilise local firms, 

whereas the withdrawal of lending or insurance from high-risk regions can generate an adaptation trap. 

Climate stress testing is therefore both a microprudential and macroprudential exercise: it must assess the 

vulnerability of each institution and the collective consequences of their management actions [47, 48]. 

Within an ESG framework, the environmental component supplies the risk drivers, but governance 

determines whether they are identified, measured, escalated, and acted upon. The social component 

becomes material when higher prices, tighter credit, or reduced insurance shift costs to vulnerable 

households, regions, and workers. Research on bank ESG performance generally links stronger 

environmental and governance practices to lower credit risk, lower non-performing loans, and greater 

stability, although results vary by business model and may be distorted by inconsistent ratings [49, 50, 51, 

52]. European evidence also associates ESG strategies and dedicated sustainability governance with 

stronger disclosure and resilience during turmoil [53, 54, 55]. However, ratings and public commitments 

are imperfect proxies for financed emissions, transition-plan credibility, and actual risk management, so 

they cannot substitute for counterparty and asset-level analysis [56, 57]. 

2.2 Evidence Base and Comparative Method 

A structured comparative review was conducted. The twelve supplied publications were mandatory 

anchors and were triangulated with recent peer-reviewed research on stress testing, lending, asset pricing, 

physical-risk collateral effects, ESG governance, liquidity, and prudential policy. Sources were coded by 

scenario, horizon, balance-sheet assumption, portfolio scope, granularity, transmission channel, loss 

metric, and management implication. More than fifty cited peer-reviewed articles were published from 

2021 onwards, with selected foundational studies from 2016–2020. 

The approach is comparative rather than meta-analytic because the reported figures are not 

commensurable. Some tests estimate credit losses, some changes in probabilities of default, some 

valuation effects, and others capital-ratio movements. Horizons range from one year to thirty years; short-

run tests commonly assume static balance sheets, whereas several long-run exercises permit strategic 

reallocation. Scenario severity also differs. The NGFS framework provides increasingly consistent 

orderly, disorderly, and hot-house narratives, but supervisory exercises still select different carbon-price 

paths, hazards, sectoral mappings, and macroeconomic assumptions [58]. Results are therefore interpreted 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260584672 Volume 8, Issue 5, September-October 2026 4 

 

as conditional diagnostics of vulnerability, not forecasts or point estimates of expected loss. This 

distinction is consistent with the growing literature, which regards climate stress testing as a decision tool 

under deep uncertainty rather than an actuarially precise prediction [59, 60, 3]. 

The review also distinguishes climate scenario analysis from conventional solvency stress testing. Most 

European exercises were designed as learning processes and did not directly determine capital 

requirements. This design was appropriate while data, methods, and governance were immature, but it 

also means that a finding of “manageable” loss cannot be read as proof of resilience to a fully specified 

adverse macrofinancial event. Recent reviews find that many empirical estimates of bank effects are below 

fifty basis points, yet they attribute the moderation partly to narrow samples, short histories, incomplete 

channels, and adaptation assumptions [15, 2]. A robust interpretation therefore requires simultaneous 

attention to measured losses, omitted mechanisms, and the capacity of banks to improve their own models. 

 

3. Comparative Evidence from European Climate Stress Tests 

3.1 National Pioneers: The Netherlands, France, Austria, and Germany 

The Dutch exercise was one of the first to translate disruptive transition narratives into portfolio losses. 

The framework combined climate-policy and technology shocks with macroeconomic projections, 

industry-specific transition vulnerability factors, and conventional credit- and market-risk modules [8, 61]. 

It covered approximately €2.3 trillion of assets held by banks, insurers, and pension funds. Across the four 

scenarios, Dutch banks incurred asset-side losses of roughly 1–3%, while the most severe double shock 

could reduce their average common equity tier 1 ratio by slightly more than four percentage points. 

System-wide losses reached as much as 11% of assets for some financial sectors. Importantly, carbon-

intensive industries represented a small share of exposures but generated a disproportionate share of 

losses; macroeconomic and interest-rate channels also affected sectors not ordinarily classified as high 

carbon. The exercise demonstrated that transition risk could be material yet manageable, but its five-year 

horizon and omission of physical risk restricted the conclusion. 

The French pilot broadened the scope to a thirty-year bottom-up exercise covering nine banking groups 

and fifteen insurance groups, representing about 85% of banking assets. It combined a static balance sheet 

to 2025 with dynamic adjustment thereafter, differentiated fifty-five sectors across several geographical 

areas, and considered both transition and physical risk, including second-round effects from a widening 

insurance protection gap [9, 62]. The aggregate exposure of French banks was characterised as moderate, 

partly because their portfolios were concentrated in France and Europe and their direct exposure to the 

most transition-sensitive sectors was limited. Nevertheless, the cost of risk in sensitive sectors could triple, 

and the contribution of those sectors to additional provisions exceeded their balance-sheet weight. Physical 

risk was less mature analytically: insurance claims were projected to rise five- to sixfold in some French 

departments by 2050, yet only two banks quantified how declining insurance coverage would affect credit 

parameters. The principal lesson was therefore not low risk, but the coexistence of limited average 

exposure with severe sectoral and local vulnerabilities. 

The Austrian exercise used a five-year top-down solvency framework to examine orderly and disorderly 

carbon-price shocks. Sectoral input-output effects were translated into insolvencies, probabilities of 

default, bond valuation losses, and capital ratios for 379 banks [11]. The aggregate common equity tier 1 

ratio was 0.7 percentage points below baseline in the orderly scenario and 2.7 percentage points lower in 

the disorderly scenario. Credit risk dominated, with cumulative credit losses of approximately 0.8 and 

1.8% of exposure, respectively. Agriculture and transport experienced very large insolvency increases, 
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but banks’ direct exposures to those sectors were small, helping to keep the system-level effect 

manageable. The result illustrates a recurring European pattern: diversification and starting capital protect 

the aggregate system, while the most exposed institutions or portfolios can experience materially larger 

deterioration. Because the framework was static, sector-based, and transition-only, it did not test how 

physical damage, behavioural adaptation, or feedbacks would alter that conclusion. 

The Bundesbank also found moderate aggregate transition effects. Its model chain linked NGFS scenarios 

to an integrated assessment model, the NiGEM macrofinancial model, a sectoral model, and financial-risk 

models for banks, insurers, and investment funds [10]. Under a strong carbon-price shock, the maximum 

cumulative loss on banks’ stressed securities portfolios was around 2%, and credit losses were about 0.1% 

of the analysed loan book. Banks appeared less vulnerable than funds and insurers because they held fewer 

equity exposures, had relatively short loan maturities, and had limited claims on the most transition-

sensitive sectors. Yet physical risk was excluded, dynamic balance-sheet responses and innovation were 

not modelled, and the report emphasised considerable scenario and parameter uncertainty. The apparent 

resilience was therefore a property of the tested transition path and portfolio structure, not a general result 

for climate change. 

 

Table 1. Comparative Design and Principal Findings of Selected European Climate Stress Tests 

Exercise Design and Coverage 
Principal Banking 

Result 
Critical Limitation 

Netherlands, 2018–

2019 [8, 61] 

Five-year top-down 

transition test of loans, 

bonds, and equities. 

Bank asset losses 1–3%; 

CET1 reduction just 

above 4 percentage 

points. 

Physical risk omitted; 

static, impact-at-once 

treatment. 

France, 2020 pilot 

[62, 9] 

Thirty-year bottom-up 

test; fifty-five sectors; 

static then dynamic 

portfolios. 

Moderate average 

exposure; cost of risk 

triples in sensitive sectors; 

local physical risk is 

material. 

Results depend on 

reallocation; 

physical-risk 

capability is uneven. 

Austria, 2021 [11] 

Five-year top-down 

orderly and disorderly 

carbon-price shocks for 

379 banks. 

CET1 lower by 0.7 and 

2.7 percentage points; 

credit risk dominates. 

Static, sector-level, 

transition-only 

framework. 

Germany, 2021 [10] 

Ten-year top-down 

transition analysis using 

NGFS and sectoral risk 

models. 

Securities losses around 

2%; credit losses around 

0.1% of analysed loans. 

Physical risk, 

adaptation, and non-

linear channels 

omitted. 

ECB economy-wide, 

2021 [63] 

Thirty-year top-down test 

of four million firms and 

1,600 banks. 

Median loan-book PD 

about 7% higher in a hot-

house world by 2050; tail 

effects are much larger. 

Long-horizon 

uncertainty; no 

endogenous 

feedbacks. 
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Exercise Design and Coverage 
Principal Banking 

Result 
Critical Limitation 

ECB supervisory test, 

2022 [12] 

Capability review plus 

short- and long-run 

transition, flood, drought, 

and heat scenarios. 

For 41 banks, short-run 

credit and market losses 

total about €70 billion. 

Selective portfolios, 

mild macro backdrop, 

proxies, and no 

capital depletion 

measure. 

United Kingdom 

CBES, 2022 [13] 

Thirty-year fixed-

balance-sheet early, late, 

and no-action scenarios. 

Late Action adds about 

£110 billion of bank credit 

losses; Early Action is 

least costly. 

Trading, detailed 

RWA, and several 

feedback channels 

omitted. 

 

3.2 Euro-Area and United Kingdom Exercises 

The ECB economy-wide stress test moved beyond national samples by linking climate and financial data 

for roughly four million firms to approximately 1,600 consolidated euro-area banks [63]. It found a clear 

long-run benefit from an orderly transition. Median bank loan-book probabilities of default were projected 

to be about 7% higher in a hot-house world than under orderly transition by 2050, compared with a more 

limited increase under delayed transition. The averages again concealed the tail. For the firms most 

exposed to physical hazards, leverage was about 22.5% higher, profitability was approximately 1.6 times 

lower, and default probabilities were almost 25% higher in the hot-house scenario. Physical-risk impacts 

also varied more across regions than transition impacts varied across sectors: southern Europe was 

particularly exposed to heat, water stress, and wildfire, while central and northern areas were more exposed 

to flood risk. This result is central to European portfolio management because it shows that sector codes 

alone are insufficient; location and adaptive capacity become decisive over longer horizons. 

The 2022 ECB supervisory climate risk stress test assessed both risk and institutional capability. Its three 

modules covered governance and methodology, the dependence of income and exposures on twenty-two 

high-climate-impact sectors, and bottom-up projections for a short-term disorderly transition, long-term 

pathways, flood, drought, and heat [12]. More than 60% of non-financial corporate interest income was 

associated on average with the twenty-two emitting sectors, with a median of 65.2%. Only around 40% of 

participating banks reported a climate stress-testing framework, most had not integrated it into the internal 

capital adequacy assessment process, and only 22% used or planned to use dynamic balance sheets for 

both physical and transition risk. Under the three-year disorderly scenario, cumulative impairments rose 

by about 73 basis points relative to baseline, and the most carbon-intensive sectors experienced losses 

above 200 basis points. For the forty-one banks submitting projections, combined credit and market losses 

from the short-run transition and physical scenarios were about €70 billion. 

That €70 billion figure should be read as a lower bound. The scenario covered selected asset classes, the 

macroeconomy continued to grow, market shocks were less comprehensive than in the regular EU-wide 

stress test, and operational and reputational risks were largely qualitative. Banks relied extensively on 

proxies for emissions and energy-performance certificates, climate-specific credit models were 

preliminary, and fewer than one quarter incorporated private insurance into physical-risk projections. The 

apparent mildness of market losses was itself interpreted by the ECB as evidence that climate risk had not 

yet been properly integrated into market-risk models. This is consistent with research showing that 
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climate-related repricing can be abrupt, especially when policy changes alter expected cash flows or when 

data disclosures change investor beliefs [36, 35, 37]. 

The Bank of England CBES reached a parallel conclusion. Using fixed end-2020 balance sheets over thirty 

years, it found that climate risks would reduce profitability but that projected costs should generally be 

bearable without substantial solvency effects [13]. Early Action was least costly. In Late Action, bank 

credit loss rates more than doubled because of climate risk, adding approximately £110 billion of losses, 

of which about 40% arose in the first five years. In the No Additional Action scenario, physical risk 

increasingly reduced the value and insurability of property. Banks indicated that they would restrict 

lending to high-risk properties, while insurers would raise premiums or withdraw cover. Such responses 

may protect institutions individually but could make finance and insurance unaffordable for exposed 

households and businesses. The CBES therefore made the social dimension of ESG risk management 

explicit: resilience achieved by passing costs to vulnerable customers is not equivalent to a resilient 

financial system. 

Across the exercises, the scenario architecture matters as much as the point estimate. The NGFS orderly 

pathway imposes earlier transition costs but reduces cumulative physical damage; the disorderly pathway 

postpones action and then compresses adjustment into a shorter period; the hot-house pathway suppresses 

additional policy but permits physical risk to compound [58]. Smooth annual macroeconomic paths can 

still understate losses if the relevant credit mechanism is an abrupt volatility shock rather than a small 

difference in trend growth [16]. Conversely, allowing dynamic portfolio adjustment can reduce bank 

losses without demonstrating that the real economy can absorb the simultaneous reallocation. Stress tests 

should therefore disclose both a static “risk inventory” view and a dynamic “strategy” view, together with 

the macroeconomic consequences of the assumed management actions. 

 

4. How European Banking Portfolios Perform 

4.1 Transition Risk: Concentrated, Credit-Led, and Path-Dependent 

The tests consistently show that transition risk is concentrated rather than uniformly systemic. Mining, oil 

and gas, refined petroleum, utilities, transport, agriculture, basic materials, and energy-inefficient real 

estate experience the strongest increases in costs, defaults, and valuation losses. Yet the system-level effect 

is often moderated by the relatively small direct share of these sectors, collateral, portfolio diversification, 

short maturities, and banks’ initial capitalisation. This explains why national exercises can report 

manageable aggregate losses while still identifying severe stress in individual portfolios. It also accords 

with empirical evidence that loan pricing responds to emissions and policy exposure, but not uniformly 

across banks or jurisdictions [24, 28, 64, 33]. 

Disorderly transition is generally the most damaging transition pathway because carbon prices, technology 

replacement, and changes in demand arrive too quickly for borrowers to adapt. The Austrian and ECB 

tests show credit risk, rather than market risk, as the dominant loss channel. The French and Dutch 

exercises likewise reveal large sectoral changes that are obscured by modest macroeconomic averages. 

However, market risk is probably understated. Trading portfolios, derivatives, margin calls, liquidity 

discounts, and correlated sales are only partially represented, even though equity and bond research 

documents material repricing around climate news and policy shocks [38, 42, 43, 44]. A credible transition 

test must therefore combine borrower-level credit deterioration with instantaneous market shocks and 

funding or collateral feedbacks. 

Portfolio behaviour is already changing. Studies document lower lending to polluting firms after the Paris  
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Agreement, geographic relocation of fossil lending in response to carbon taxes, and differentiated terms 

for firms exposed to cap-and-trade or stranded-asset risk [29, 27, 32, 34]. Yet the evidence does not support 

a simple brown-exit strategy. High-emitting firms require substantial capital to replace technology, and a 

bank that withdraws from every carbon-intensive counterparty may improve its reported footprint while 

slowing real-economy decarbonisation. The relevant risk distinction is therefore not merely green versus 

brown, but credible transition versus persistent misalignment. Exposure limits should be conditioned on 

forward-looking investment, governance, and emissions pathways, not only current sector classifications. 

4.2 Physical Risk: Geographically Concentrated and Dominant in the Long Run 

Physical risk is less developed in bank models but more consequential over long horizons. The economy-

wide ECB results, the CBES, and the French pilot show that unmitigated physical damage eventually 

exceeds transition costs for the most exposed firms and regions [63, 13, 62]. The transmission is not limited 

to direct property damage. Heat and drought reduce labour and agricultural productivity; floods interrupt 

production and transport; repeated events lower local demand and tax bases; and the withdrawal or 

repricing of insurance increases the loss given default. Empirical work on mortgages and housing confirms 

that risk can enter both price and credit channels, but that capitalisation is incomplete where buyers 

underestimate hazards or expect public relief [17, 18, 19]. 

The insurance protection gap is a critical bank risk. In the ECB test, fewer than one quarter of banks 

modelled private insurance, and the French exercise found only limited capability to translate insurance 

withdrawal into credit parameters. When insurance remains available, it can reduce collateral loss but also 

raise operating costs and borrower vulnerability. When it becomes unaffordable, banks face higher loss 

severity and potentially illiquid collateral. Public relief may mitigate losses, but reliance on it creates 

sovereign and political-economy dependencies. Physical-risk management must therefore combine 

hazard, exposure, vulnerability, adaptation, insurance terms, and public protection at the asset level. A 

single flood map or regional score is insufficient. 

Liquidity also matters. Climate risk can affect deposit flows, liquidity creation, wholesale funding, and 

the ability to monetise collateral. Cross-country evidence links climate exposure to bank liquidity 

behaviour, particularly in emerging or more vulnerable markets [65, 66, 67]. These channels remain 

peripheral in European supervisory tests. Their omission matters because physical events often generate 

immediate draws on credit lines and deposits at the same time that collateral and local market liquidity 

deteriorate. Future exercises should therefore include liquidity stress, operational continuity, and the 

correlated claims of households, firms, insurers, and governments after a severe regional event. 

4.3 Resilience Is Conditional, Uneven, and Probably Overstated 

European banks appear capable of absorbing the losses in the scenarios that have been tested, but resilience 

is conditional on four favourable features. First, the exercises generally assume that climate shocks occur 

without a conventional deep recession or financial-market crisis. Secondly, many use static balance sheets 

that exclude risk-reducing adaptation, while others permit dynamic reallocation without fully modelling 

its aggregate effects. Thirdly, loss channels are selective: trading, liquidity, operational, legal, conduct, 

and reputational risk are often omitted or treated qualitatively. Fourthly, granular data on Scope 3 

emissions, supply chains, property efficiency, hazard vulnerability, adaptation, and insurance remain 

incomplete. The result is a wide range of bank estimates and a risk that model dispersion is mistaken for 

economic uncertainty rather than model weakness [12, 14, 60]. 

The resilience conclusion is also distributional. Strong average capitalisation can coexist with vulnerable 

institutions, business models, or regions. ESG studies find that environmental performance, governance, 
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and business model affect default and systemic risk, but the relationships are not uniform [68, 69, 70]. 

Green lending can be less risky in some samples, while benefits depend on screening quality, policy 

support, and borrower characteristics [50, 51]. Accordingly, stress tests should report distributions, 

concentrations, and reverse-stress thresholds rather than only aggregate losses. The question is not simply 

whether the median bank survives, but which combinations of hazard, policy, concentration, and 

management failure would exhaust capital or force destabilising behaviour. 

 

5. Discussion: Transforming ESG Risk Management in European Banks 

5.1 From Exploratory Exercises to an Integrated Risk Architecture 

The first transformation is organisational. Climate risk must be embedded in the risk appetite, three lines 

of defence, internal capital adequacy assessment process, budgeting, remuneration, new-product approval, 

and internal audit. The ECB’s finding that only a minority of banks had integrated climate stress testing 

into routine frameworks indicates that the main weakness is not the absence of a scenario spreadsheet, but 

the absence of decision rights and escalation mechanisms. Boards should approve materiality thresholds, 

sector and geography limits, model assumptions, and management actions, while senior committees 

should reconcile financial-risk decisions with transition commitments. Research on European banks shows 

that dedicated sustainability governance improves disclosure and strategic attention, but disclosure alone 

does not establish effective control [55, 49, 71]. 

Data governance is the foundation. Banks require counterparty-level Scope 1, 2, and material Scope 3 

emissions; production and technology metrics; energy use; capital-expenditure plans; asset locations; 

energy-performance certificates; physical hazard and vulnerability data; insurance coverage; and 

adaptation investment. Estimated values should be explicitly labelled, version-controlled, and subjected 

to confidence scores. External ESG ratings are useful as supplementary signals, but their divergence and 

backward-looking nature make them unsuitable as primary risk parameters [56, 2]. Data lineage should 

allow every stressed loss to be traced from the scenario variable through the borrower or asset to 

probability of default, loss given default, valuation, and capital effect. 

5.2 Counterparty Transition Plans and Portfolio Steering 

The second transformation is from sector exclusion to transition-plan assessment. Current emissions 

identify exposure, but they do not reveal whether a borrower is investing sufficiently to remain viable 

under the policy and technology path. Banks should assess governance, targets, capital expenditure, 

operating expenditure, technology readiness, dependency on offsets, supply-chain exposure, and 

consistency with sectoral pathways. Financial covenants and sustainability-linked pricing should use 

verifiable performance indicators and consequences for non-delivery. Evidence that banks price 

observable environmental and regulatory information more consistently than soft ESG claims supports 

this emphasis on measurable transition credibility [25, 31, 32, 33]. 

Portfolio steering should combine engagement, conditional finance, risk-based pricing, limits, and exit 

rules. Engagement is appropriate where a viable transition exists and finance accelerates it; limits or 

withdrawal are appropriate where a counterparty lacks a credible pathway or where concentration exceeds 

risk appetite. Abrupt, simultaneous divestment can produce fire sales, carbon leakage, and financing 

shortages for essential sectors. The CBES warning that collective withdrawal from carbon-intensive 

energy could run ahead of renewable capacity is therefore economically important. A socially responsible 

strategy must preserve access to essential services and finance adaptation, while not subsidising persistent 
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misalignment. This is the point at which the social and environmental components of ESG must be 

reconciled rather than managed in separate policies. 

5.3 Physical-Risk, Collateral, and Insurance Management 

The third transformation concerns collateral and insurance. Property and asset registers should be 

geocoded and linked to multiple hazards, return periods, depth or intensity measures, vulnerability curves, 

adaptation status, and insurance terms. Loan-to-value monitoring should distinguish market-value decline 

from physical damage and should incorporate the possibility that liquidity vanishes before appraised value 

adjusts. For high-risk collateral, banks can require resilience investment, adjust amortisation or maturity, 

revise covenants, and price the residual risk. However, simply refusing finance to exposed properties may 

deepen regional inequality and leave adaptation unfunded. Products that finance flood protection, heat 

resilience, water efficiency, and building renovation can reduce both risk and financed emissions. 

Insurance should be modelled dynamically. Coverage limits, deductibles, exclusions, premium 

affordability, counterparty quality, and public schemes all affect loss given default. A policy that exists 

today cannot be assumed to remain available over a thirty-year mortgage. Banks should therefore run 

scenarios with full coverage, partial coverage, unaffordable premiums, and withdrawal. Where insurance 

becomes structurally unavailable, credit policy should be linked to adaptation standards and public 

resilience programmes rather than relying on an implicit state guarantee. The growing evidence that 

mortgage and property markets price climate risk incompletely reinforces the need for conservative 

collateral valuation and independent hazard assessment [72, 73, 74, 20]. 

5.4 Modelling, Pricing, Provisions, and Capital 

The fourth transformation is methodological. Banks need complementary tests: short-run volatility shocks; 

long-run orderly, disorderly, and hot-house pathways; multi-hazard physical events; compound 

recessions; reverse tests; and sensitivities around carbon prices, damage, insurance, adaptation, and pass-

through. Static tests identify embedded risk, dynamic tests assess strategy, and system-wide tests ask 

whether all banks can act without destabilising prices or credit. Models must combine counterparty 

variables with macroeconomic channels, because carbon price alone misses technology, demand, supply-

chain, and legal effects [12, 16]. 

Outputs must affect decisions. Climate-adjusted probabilities of default and losses given default should 

inform origination, pricing, tenor, collateral, watch lists, staging, expected-credit-loss overlays, economic 

capital, and risk-adjusted return. Market-risk systems should map scenario shocks to bonds, equities, 

derivatives, and hedges, with explicit liquidity and basis risk. Where data are too weak for precise 

calibration, conservative margins, concentration add-ons, and qualitative limits are preferable to false 

precision. Capital is a backstop rather than a substitute for risk management. Recent prudential analyses 

caution that green supporting or brown penalising factors can misalign capital with actual risk if based on 

labels instead of evidence; Pillar 2 measures, stress-test findings, and concentration controls are more 

adaptable while methodologies mature [75, 76, 77]. 

Model uncertainty should be governed explicitly. Results should be reported as ranges decomposed by 

scenario, model, data quality, and management action. Validation should challenge understatement and 

overstatement and test responses to hazard severity and transition timing. Differences across ECB and 

CBES submissions justify benchmarking and supervisory floors. Independent review should also examine 

incentives: optimistic transition assumptions can reduce provisions, while aggressive de-risking can 

improve metrics at the economy’s expense. 
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Table 2. ESG Risk-Management Transformation Implied by the Stress-Test Evidence 

Risk-Management Domain 
Diagnosis from European 

Exercises 

Required Transformation and 

Indicative Metrics 

Governance and risk appetite 

Weak links to ICAAP, 

strategy, audit, and 

remuneration. 

Board-approved materiality, limits, 

escalation, and actions; coverage of 

material exposures. 

Counterparty data and 

transition plans 

Emissions and EPC data rely 

on proxies; current intensity 

substitutes for forward 

viability. 

Verified emissions, technology, capex, 

pathway alignment, and data-

confidence metrics. 

Credit and portfolio steering 

Losses concentrate in high-

emitting sectors; abrupt 

withdrawal can amplify wider 

costs. 

Pricing, conditional finance, 

engagement, limits, and exit rules by 

alignment category. 

Physical risk, collateral, and 

insurance 

Location, vulnerability, 

adaptation, and protection 

gaps are incomplete. 

Geocoded hazards, dynamic insurance, 

adaptation covenants, and uninsured 

collateral metrics. 

Models and scenario design 

Smooth paths and selective 

portfolios omit feedbacks, 

liquidity, and compound 

shocks. 

Static, dynamic, reverse, and 

compound tests with model ranges and 

second-round effects. 

Provisions, capital, and 

disclosure 

Exercises are exploratory and 

often lack a capital depletion 

measure. 

Climate-sensitive PD/LGD, ECL 

overlays, economic capital, Pillar 2, 

and target reconciliation. 

Social resilience 

Higher prices and de-risking 

can restrict credit and 

insurance. 

Adaptation finance and monitoring of 

access, affordability, and regional 

concentration. 

 

5.5 Supervisory and System-Wide Implications 

Supervisory climate tests should now become more comparable and consequential. Common data 

definitions, sectoral pathways, hazard maps, and templates can reduce arbitrary model dispersion, while 

benchmarking should identify implausibly benign elasticities, incomplete pass-through, and infeasible 

management actions. Findings should feed into the supervisory review and evaluation process, 

remediation, model-risk assessment, and, where material, Pillar 2 requirements. Persistent deficiencies 

should eventually have measurable prudential consequences. 

Macroprudential analysis is equally necessary. System-wide scenarios should model correlated 

reallocation, asset-price feedbacks, interbank and fund exposures, insurance withdrawal, and public-sector 

responses. The network literature demonstrates that common exposures can transform individually 

manageable losses into systemic stress [78, 45, 4]. Macroprudential tools may include concentration 

monitoring, sectoral capital measures where risk is demonstrably mispriced, limits on highly leveraged 

exposed lending, and resilience requirements for critical services. Yet financial regulation cannot 

substitute for clear climate policy. Credible, predictable carbon prices, building standards, adaptation 

investment, and disclosure reduce uncertainty and allow banks and borrowers to adjust gradually [79, 76]. 
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Finally, ESG management should be judged by real-economy outcomes as well as portfolio cleanliness. 

Studies of ESG and bank performance suggest that stronger ESG practices can reduce distress and non-

performing loans, but effects vary across business models and crises [80, 54, 69, 81, 82]. A bank can lower 

reported financed emissions by selling exposures without changing aggregate emissions, or can support 

transition by financing credible but currently carbon-intensive firms. Performance metrics should 

therefore separate absolute financed emissions, portfolio alignment, transition finance, adaptation finance, 

client progress, and risk-adjusted returns. This avoids the false choice between prudential resilience and 

transition support: properly structured finance can improve both. 

 

6. Conclusion 

European climate stress tests deliver a consistent but qualified answer to the research question. Banking 

systems generally appear able to absorb the losses generated by the scenarios tested, particularly where 

starting capital is strong and direct exposure to the most sensitive sectors is limited. However, the 

resilience is not uniform, complete, or permanent. Disorderly transition creates concentrated and front-

loaded credit impairment in carbon-intensive sectors; unmitigated physical risk becomes dominant over 

longer horizons; and regional, collateral, insurance, and business-model concentrations generate losses far 

above system averages. The tests therefore identify a portfolio-allocation and risk-management challenge 

rather than an immediate aggregate solvency crisis. 

The strongest cross-exercise conclusion is that early and orderly action is less costly than delay or inaction. 

The principal exercises show lower losses under orderly transition or higher vulnerability when policy is 

abrupt and physical damage accumulates. Transition is not costless: high-emitting firms require 

investment, some assets become stranded, and banks incur provisions and valuation losses. Delay 

compresses those costs into a shorter period and combines them with greater physical damage. 

A second conclusion is that current estimates are likely to understate tail risk. Data gaps, proxy use, mild 

macroeconomic backgrounds, selective portfolios, smooth pathways, static or unconstrained dynamic 

balance sheets, and incomplete market, liquidity, operational, litigation, and second-round channels all 

narrow measured losses. Future tests should be multi-hazard, granular, dynamic, and explicitly systemic. 

They should disclose ranges and model uncertainty, and should include reverse and compound scenarios 

capable of revealing the conditions under which capital, liquidity, or credit supply becomes binding. 

The required transformation of ESG risk management is correspondingly practical. European banks need 

board-level climate risk appetite; counterparty-level transition-plan assessment; geocoded collateral and 

dynamic insurance analysis; climate-sensitive credit and market parameters; and direct links from stress-

test outputs to pricing, provisions, capital planning, limits, and strategy. Portfolio steering should 

distinguish credible transition from persistent misalignment and should avoid replacing prudential risk 

management with indiscriminate divestment. The social effects of higher prices and credit or insurance 

withdrawal must also be assessed, because a banking system that remains solvent by excluding vulnerable 

households and regions is not fully resilient. 

Future research should test whether planned management actions are jointly feasible and reduce real 

emissions and physical vulnerability rather than merely transfer exposure. European stress testing has 

established financial materiality; its value now depends on changing decisions before adverse scenarios 

cease to be exploratory. 
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