Response: Clarifying the Failure Rate of Loans Mechanism
in FRIDA

By: William Schoenberg

Thank you for this constructive exchange. | believe the remaining disagreement can be
broached by a clarification of what the failure rate of loans (FRoL) mechanism represents
in FRIDA and, consequently, how the historical divergence between the FRoL and
Nolmpacts trajectories should be interpreted.

You summarize FRIDA as resting on three assumptions: (i) that SSP-like trajectories
provide the appropriate no-climate-damages counterfactual, (ii) that historical differences
between those trajectories and observed economic development are explained by climate
damages, and (iii) that the calibration therefore assigns a dominant role to the banking
channel. We agree that these are important issues. However, this interpretation of the
FRoL mechanism differs substantially from the mechanism we have implemented in
FRIDA.

1. Clarifying the role of SSPs and the no-damages
trajectory

Before addressing the financial transmission mechanism itself, it may be helpful to clarify
how the Nolmpacts trajectory is constructed and how SSP scenarios are used in our
analysis. A central concern in your comment appears to be the interpretation of the
Nolmpacts scenario as an externally imposed estimate of a no-climate-damages
counterfactual. This is not how FRIDA is calibrated or used. FRIDA is calibrated exclusively
to historical observations. SSP trajectories are never used as calibration targets, nor are
they imposed as assumptions about how the global economy would have evolved in the
absence of climate change. The Nolmpacts trajectory emerges endogenously from the
calibrated model by removing climate-related damages while leaving the remaining model
structure unchanged. Itis therefore a model result, not a calibration input. The relevance
of the SSP comparison is considerably more limited and was initially raised in response to
your original review. In your most recent comment, the concern appears to be that the
economic growth implied by the Nolmpacts trajectory is implausibly strong. To evaluate
that concern, Figure 1 below compares FRIDA projections with the range of GDP per capita
trajectories represented by the SSP literature.
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Figure 1. GDP per capita trajectories from FRIDA compared with illustrative SSP-baseline projections. FRIDA
is calibrated solely to historical observations. The Nolmpacts trajectory emerges endogenously from the
calibrated model and is shown alongside SSP trajectories only as an external benchmark.

| have produced this comparison for you to demonstrate that the growth trajectory implied
by the Nolmpacts simulation falls within the range of long-run socioeconomic futures
commonly considered plausible in the scenario literature which also generally does not
include climate impacts. The comparison is thus presented as a consistency check on
model behavior, not as evidence used for calibration.

More generally, and | think this is at the heart of what | believe to be the misunderstanding,
FRIDA is a growth-damage model. Small differences in investment, innovation, and
productivity growth accumulate over time creating path-dependencies, producing
increasingly divergent development trajectories. Consequently, substantial differences in
GDP per capita levels by the end of the simulation period do not imply equally large
contemporaneous annual damages. They reflect the cumulative consequences of
persistent differences in growth rates over many decades.



2. FRoL does not represent banks pricing physical climate
risk into lending decisions

Your observation that much lending prior to 2020 did not explicitly incorporate physical
climate risk is entirely reasonable. However, this is precisely the situation represented by
FRIDA.

The FRoL channel does not assume:
climate-risk recognition - climate-adjusted lending standards > lower GDP
Instead, it represents:

climate damages > business and household financial distress - increased loan and
investment failures - tighter credit conditions > lower investment and innovation >
slower economic growth - lower GDP overtime

In FRIDA, climate-related shocks increase the failure rate of loans and investments (Wells
et al., 2025). Banks then respond to these realized defaults through standard credit-risk
management behavior by tightening lending standards. This reduces credit availability,
investment, innovation, and ultimately economic growth (Grimeland et al., 2026). The
mechanism operates regardless of whether banks correctly identified, quantified, or
priced climate risks beforehand. Indeed, the fact that physical climate risk was often
under-priced historically is entirely consistent with this framework. The economy module
explicitly describes how higher default rates induce tighter lending standards, reducing
credit creation and investment through well-established financial feedbacks.

This distinction is critical to our modeling. The mechanism represents climate-unaware,
but vulnerable borrowers, investments, and assets, not climate-aware lenders. As
implemented in FRIDA, higher default rates induce tighter lending standards, reducing
credit creation and investment activity (Grimeland et al., 2026). This is consistent with a
substantial literature showing that observed defaults lead banks to tighten lending
standards and reduce credit creation (e.g., Dell’Ariccia and Marquez, 2006; Fishman et al.,
2024; Rodano et al., 2018). More fundamentally, the FRoL mechanism is motivated by a
broader concern that many optimizing integrated assessment models implicitly assume
climate damages can be anticipated and absorbed without materially affecting the
functioning of financial markets.

Standard damage-function approaches generally represent climate change as a reduction
in productive output while leaving the financial system's ability to allocate capital largely
unaffected. In contrast, FRIDA explicitly explores the possibility that climate change



increases the failure rate of loans and investments, thereby altering future lending, i.e.,
investment behavior, and credit creation, which impacts indirectly innovation, and
ultimately economic growth. Under this interpretation, climate-related defaults are not
merely accounting losses i.e. contemporaneous annual damages. They become part of an
endogenous feedback that influences the financial system's capacity to mobilize
resources over time.

This perspective is consistent with a growing literature arguing that finance, credit
creation, financial instability, and uncertainty remain underrepresented in many climate-
economy modeling frameworks (Chenet et al., 2021; Espagne, 2018; Stern et al., 2022).
Researchers have repeatedly highlighted the need for stronger representation of financial
mechanisms, credit constraints, and investment dynamics within integrated assessment
models because these mechanisms may materially influence long-run economic
trajectories (Battiston et al., 2021; Lamperti et al., 2019; Monasterolo, 2020).

The FRoL experiment should therefore be interpreted as an exploration of one possible
climate-financial transmission mechanism rather than an assertion that banks historically
priced physical climate risk correctly or explicitly incorporated climate risk assessments
into lending decisions. The mechanism operates even when climate risks are poorly
understood or systematically under-priced because it is driven by realized defaults rather
than ex ante risk recognition.

| therefore believe there is an important distinction between your observation and the
interpretation you draw from it. Your experience that financial institutions did not explicitly
incorporate physical climate risk into lending decisions historically is not evidence against
the FRoL impact channel. If climate risks were systematically under-priced, one would still
expect climate-related shocks to generate bankruptcies, defaults, loan losses, and
balance-sheet impairments once those risks materialize.

In other words, FRIDA does not require:
banks understand climate risk
It requires only:

climate impacts damage borrowers, investments, infrastructure, or assets,
resulting in higher default rates.

The subsequent raising of lending standards emerges as a standard response of the
financial system to deteriorating loan performance. The mechanism therefore remains
operative regardless of whether climate risk was recognized beforehand.



3. There is substantial empirical evidence that climate-
related shocks generate financial losses

| respectfully disagree with the suggestion that there is little evidence linking climate-
related shocks to bankruptcies, loan losses, or broader financial distress.

The question is not whether climate change causes financial failures. The evidence on this
pointis substantial.

For example, [future] US Senator Elizabeth Warren (2005) at the Boston Branch of the US
federal reserve, discusses empirical research by Lawless (2005), who reports that
bankruptcy filing growth rates were approximately 50% higher in US states directly affected
by major hurricanes during the three years following landfall.

Historical examples point in the same direction:

¢ Hurricane Andrew contributed to the insolvency of at least sixteen insurance
companies and fundamentally reshaped Florida insurance markets (Insurance
Information Institute, 2026). Also more generally how increased hurricane activity in
the Caribbean has limited credit availability (Brei et al., 2019).

¢ Climate-related wildfire liabilities were a major contributor to the PG&E bankruptcy
(Balaraman, 2020; Gold, 2019).

¢ Mortgage-market studies increasingly link physical climate risks to higher
delinquency rates, foreclosure rates, and lender losses (First Street, 2025; Moody’s
Analytics, 2021; O’Rourke et al., 2024).

¢ Recent IMF work finds that climate-disaster losses increase sovereign default risk
(de Soyres et al., 2026).

These examples do not establish the exact magnitude of global climate damages.
However, they provide strong evidence that climate-related shocks generate loan losses,
bankruptcies, insurer failures, economic distress, and broader forms of financial instability
that propagate beyond the directly affected sectors.

Beyond disaster case studies, a growing body of finance literature supports the plausibility
of the transmission pathway represented by FRoL. Recent work has linked climate
exposure to elevated bankruptcy risk, increased financial fragility, and heightened credit
risk (Capasso et al., 2020; Feng et al., 2024; Klomp, 2014; Noth and Schluwer, 2023).
Studies of lending standards and non-performing loans consistently find that rising
defaults induce tighter lending conditions, reduced credit creation, and lower investment
activity (Accornero et al., 2017; Chiesa and Mansilla-Fernandez, 2021; Cucinelli, 2015).
The banking response itself is therefore well established in the literature (Blickle et al.,



2026; Nie et al., 2023). Therefore, | don’t think we need to ask whether defaults lead to
tighter credit conditions, and reduced investment, but instead to what extent climate
change contributes to those defaults.

Similarly, evidence is accumulating that climate change can affect banking-sector stability
and asset quality directly (Brei et al., 2019; Klomp, 2014; Nie et al., 2023; Noth and
Schuwer, 2023). Research examining the exposure of financial institutions to climate-
related physical risks increasingly finds that climate-sensitive assets may create
vulnerabilities that extend beyond the immediately affected firms or regions (Barrot and
Sauvagnat, 2016; Cortés and Strahan, 2017; Mandel et al., 2025; Rehbein and Ongena,
2022).

4. Growth effects, vs. contemporaneous annual damages

| believe this is the central issue underlying the remaining disagreement.

The approximately 10% historical divergence between FRoL and Nolmpacts should not be
interpreted as an estimate that climate-related changes in lending standards reduced
global GDP by 10% in 2020 without considering the previous 40 years of path-dependency.

FRIDA is structurally a growth-damage model, not a level-damage model. Climate-related
financial stress affects investment, innovation, productivity growth, and capital formation.
The interpretation is not annual damages but cumulative differences in growth trajectories
accumulated over the time period over which the damages are simulated.

This logic is consistent with a large macro-financial literature showing that financial crises
can produce persistent reductions in potential output and long-run growth rather than
merely temporary declines in GDP. Research by Furceri and Mourougane (2012) and
Reinhart and Reinhart (2015), among others, finds that financial disruptions often leave
long-lasting effects on economic growth trajectories. FRIDA applies this same intuition to
climate-driven financial stress.

Consequently, the divergence between FRoL and Nolmpacts does not imply that one
should observe a contemporaneous, annual, 10% GDP loss attributable to climate-related
lending responses. Rather, it reflects the cumulative difference between:

1. an economy experiencing repeated, small at the global level, climate-related
financial losses that propagate through investment and innovation dynamics; and

2. acounterfactual economy in which those climate-related losses never occurred,
and therefore never propagated and compounded in the first place.



Even relatively small changes in annual growth rates can accumulate into large differences
in absolute levels over multiple decades.

5. Conclusions

| fully agree that the magnitude of this mechanism remains uncertain and deserves further
empirical investigation. | also agree that improved empirical constraints on climate-related
loan failures, default rates, and financial adaptation responses would be highly valuable.

However, | respectfully disagree with the characterization that FRIDA assumes widespread
historical climate-risk pricing by banks, or that the FRoL mechanism lacks empirical
grounding. Rather, FRIDA explores the hypothesis that climate-driven financial failures
themselves may constitute an important amplification pathway. This hypothesis is
motivated by both theory and evidence: theory highlighting the potential importance of
financial-sector dynamics for long-run economic development, and empirical evidence
showing that climate-related shocks can generate defaults, bankruptcies, insurer failures,
mortgage distress, sovereign financial stress, and other forms of financial disruption.

In my view, the relevant scientific question is therefore not whether climate-related
financial transmission mechanisms exist, but rather how strongly climate-induced
defaults, bankruptcies, and financial distress propagate through investment, innovation,
productivity, and long-run economic growth. FRIDA is intended as an explicit exploration of
that question and via FRIDA’s large uncertainty ensemble we explore a large range of
impact magnitudes associated with the FRoL climate damage pathway.
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