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CEKTOPA: MAKPOIIPYOEHIIUJAJIHA ITEPCITEKTUBA

Summary: This study analyses the impact of climate-
related physical risks, with a particular focus on floods,
on the financial and macroeconomic stability of
Montenegro. Using regression models and stress-test
scenarios, the paper examines the relationship between
climate shocks and key indicators such as the share of
non-performing loans (NPLs), GDP growth, and
banks’ capital adequacy ratio (CAR). The findings
indicate that extreme climate events significantly
increase credit risk, which is reflected in higher NPLs,
lower CAR, and adverse effects on economic growth.
The simulations suggest that a severe climate shock
could double the level of NPLs and substantially
undermine banking-sector stability, with potentially
broader implications for the fiscal sector and insurance
companies. The results confirm that climate risks
should be integrated into macroprudential policies,
supervisory  frameworks, and  risk-management
strategies, particularly in small and open economies.
Keywords: climate risks, financial stability, non-
performing loans (NPLs), capital adequacy ratio
(CAR), Montenegro.
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Pesume: Oso ucmpadsxcusarwe ananusupa ymuyaj —@uauukux
KAUMAMCKUX PUSUKA, €A NOCEOHUM (POKYCOM HA nonuage, HA
Quuancujcky u maxpoexonomcky cmadbunnocm ILlpue Iope.
Kopuwherwem pecpecuonux modena u cmpec mecm cyenapuja,
uchumyje ce nOBe3AHOCH USMENYKIUMAMCKUX WOKO8A U
KAYUHUX  UHOUKAMOPA KAO WMO ¢y YOUO HEeHAnIamueux
xkpeouma (HIIJI), cmona pacma bBJl-a u kanumaina
aoexeamnocm  6anaxa (LJAP). Pesynmamu  ykasyjy oa
excmpemnu  Kaumamcku — dozahaju  3nauajuo  nogehasajy
Kpeoumnu pusuk, wmo ce manugpecmyje pacmom HIUI-a,
naoom L{AP-a u necamuenum egpexmuma Ha eKOHOMCKU PACH.
Cumynayuje nokasyjy 0a 6u 036uman KIUMAMCKU WOK M0O2A0
yoeocmpywumu HIUI u 3nauajno napywumu cmabunnocm
bankapckoe cekmopa, y3 Moeyhe wupe umniuxayuje Ha
Quckannu cekmop u ocueypasajyha Opywmea. Hanazu
nomsphyjy 0a KiuMamcKu pusuyu Mopajy oumu unmezpucamu
Y MaxkponpyoeHyujaiHe noaumuKe, cynepeu3opcke okeupe u
cmpamezuje  ynpaemard pusuyumd, NOceOHO y MAnum U
OMBOPEHUM eKOHOMUjamd.
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INTRODUCTION

As Carney (2015) points out, even the destructive effects of climate change already
being observed today may appear modest when compared with potential future shocks, which
may have global consequences for food security, access to water, migration, and political
stability.
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For precisely this reason, an increasing number of central banks around the world
recognise the need to develop tools that enable a more accurate assessment of climate risks
and their potential impact on financial stability. One of the key instruments in this regard is
climate-risk stress testing, which essentially represents a scenario-based analysis of extreme
climate events or abrupt policy changes designed to simulate their effects on the banking,
financial, and broader economic sectors of a country.

Advanced economies, including euro-area countries, the United States, and the United
Kingdom, have already begun implementing such instruments, whereas most developing
countries, including Montenegro, have not yet established adequate methodological
frameworks.

1. LITERATURE REVIEW

Recent research has paid particular attention to the impact of climate risks on banks’
asset quality, especially through the non-performing loans (NPL) indicator. Evidence from
European Union countries suggests that greater exposure to physical climate risks leads to a
statistically significant increase in the share of NPLs in total credit portfolios (Delis et al.
2024). Similar results are reported in a study by the Central Bank of Mexico, which shows
that chronic physical risks may cause losses exceeding 35% of GDP by the end of the century,
with the financial sector being particularly affected through the deterioration of borrowers’
repayment capacity (Estrada et al. 2024).

The adverse impact of rising NPLs on macroeconomic indicators, particularly GDP
growth, has been confirmed in several studies. According to Klein (2013), a higher share of
non-performing loans negatively affects economic growth because banks reduce lending
activity, which in turn lowers investment and consumption. The same effect was observed by
Louzis, Vouldis, and Metaxas (2011), who used a dynamic panel model to analyse peripheral
euro-area economies. Messai and Jouini (2013) further emphasise that GDP growth is
negatively associated with NPLs, while unemployment and real interest rates are positively
associated with the growth of non-performing loans.

At the same time, an increase in the level of NPLs directly affects banks’ capital
adequacy, which may threaten financial stability. A World Bank study (2024) found that a
chronic physical shock, such as drought, may reduce the CAR by an average of about 2.2
percentage points over a five-year simulation horizon, while extreme floods reduce CAR by
approximately 0.14 percentage points per year on average.

2. THEORETICAL AND CONCEPTUAL FRAMEWORK

In the economic literature, climate risks are typically divided into three broad
categories: physical risks, transition risks, and, increasingly, liability risks (Campiglio et al.
2018; Zhou et al. 2023). Physical risks arise from more frequent and more intense extreme
weather events, such as floods, droughts, hurricanes, and fires. These events directly affect the
real economy, reduce the value of assets, and threaten loan repayment. Transition risks, by
contrast, arise from the process of economic adjustment and the shift towards a green
economy. They include policy, regulatory, and technological changes that may disrupt the
stability of existing business models. The third dimension of climate risk, liability risk, refers
to the legal and financial consequences that may arise if institutions, firms, or states are held
responsible for environmental damage (Zhou et al. 2023).
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The financial system has proven particularly vulnerable to climate risks because these
risks threaten not only individual institutions but also the systemic coherence of the entire
sector. Insurance companies, as financial intermediaries, are directly exposed to physical risks
and have already recorded significant losses resulting from increasingly severe natural
disasters. This study therefore starts from physical risks and examines how such an event may
be transmitted through different financial and economic institutions and affect the welfare of a
country.

To achieve this, it is necessary to develop a reliable methodological framework for
climate-risk stress testing, tailored to the specific characteristics of the national financial
system and institutional architecture.

3. RESEARCH METHODOLOGY

This paper applies a quantitative approach that combines regression analysis and
scenario simulation, focusing on a physical risk, specifically the 2010 flood, which was
recorded as the most destructive climate-related event in the recent history of Montenegro and
whose consequences may significantly affect the financial system through various channels.
A quasi top-down model was selected to analyse the relationship between a climate shock and
credit risk through non-performing loans (NPLs), while controlling for macroeconomic
variables such as inflation and unemployment.

3.1 Defining the Climate Stress-Test Model

This study applies a simplified quantitative climate stress-test model in order to assess
the effect of a physical climate risk, specifically a flood, on the financial stability of
Montenegro. The model is inspired by approaches used by the European Central Bank (ECB)
and the Network for Greening the Financial System (NGFS), but it is adapted to the available
macroeconomic data and the specific characteristics of the domestic financial system.

The share of non-performing loans (NPLs) was selected as the main indicator of
financial-system sensitivity, as it measures credit risk and banking-sector resilience. The
regression model is specified so that NPLs depend on a climate shock (a flood dummy
variable), the inflation rate (to account for price-stability effects), and the unemployment rate
(as an indicator of financial pressure on households and their capacity to repay debt). This
model enables the isolation of the effect of the climate event, i.e. the 2010 floods that affected
Montenegro, while controlling for macroeconomic factors that traditionally influence the
growth of credit risk.

After analysing the available data and relevant sources, including the EM-DAT
database and national statistics, 2010 was identified as the year in which Montenegro
experienced the most severe flood in the last two decades. This event caused widespread
consequences, including damage to housing, agriculture, and infrastructure, as well as
measurable fiscal costs and effects on households’ creditworthiness. For this reason, the
dummy variable (flood_dummy) takes the value of 1 only for 2010, while it is set to O for all
other years.

The data were collected from the websites of the Statistical Office of Montenegro
(MONSTAT) and the World Bank for all available years, covering the period from 2007 to
2023. The regression model is presented in Table 1. The model was estimated using robust
standard errors due to the small sample size and potential heteroskedasticity (Imbens and
Kolesar 2016).
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Table 1. Regression of NPL on the dummy variable, inflation, and unemployment

. . Number of
Linear regression observations = 17
F (2, 13) =
Prob. > F = .
R? = 0.4944
Root MSE = 4.594
Variable Coefficient ~ Ropuststd t Sl o COEEE
error interval
flood_dummy 6.6466 2.6239 2.53 0.025 0.9778 t0 12.315
inflation -0.0875 0.2733 -0.32 0.754 -0.6779 to 0.5028
unemployment 1.5659 0.6981 2.24 0.043 0.0577 to 3.0741
constant -16.2989 11.9812 -1.36 0.197 -42.1828 t0 9.5849

Source: Created by the author

The model shows that the 2010 flood had a statistically significant effect on the
increase in the share of non-performing loans, amounting to 6.65 percentage points. This
finding indicates a high degree of banking-sector sensitivity to physical climate risks and
provides the basis for further stress testing. Inflation did not prove to be a statistically relevant
variable, whereas unemployment has a positive and significant effect on NPLs, which is
consistent with expectations: an increase in unemployment reduces borrowers’ repayment
capacity. The model’s coefficient of determination is 0.49, indicating that the model explains
approximately 49% of the total variability in the share of non-performing loans. Although this
does not represent a high degree of explanatory power, the value is satisfactory for
econometric analyses based on a limited number of observations and macroeconomic data
that are often subject to numerous external influences not included in the model.

Based on the estimated flood effect on NPLs, a stress scenario was constructed in
which a similar event is simulated for 2025. Under this scenario, the share of NPLs is
assumed to increase by 6.65 percentage points relative to the 2023 value of 5.8%, producing a
projected level of 12.45% for 2025. This implies a doubling of exposure to credit risk, with
likely implications for banks’ capital adequacy, liquidity, and macro-financial stability.

Figure 1. Flood stress test in 2025 for the NPL series
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The following section assesses the estimated effect of this shock on the GDP growth
rate and on capital adequacy (CAR) in Montenegro for the same year.

The analysis was additionally strengthened by conducting a bootstrap regression and
by estimating a lagged NPL regression model. Including the lagged level of NPLs makes it
possible to control for the effect of past values on the current level of credit risk, thereby
reducing the omitted-variable problem and producing a more precise estimate of the actual
impact of floods on the quality of banks’ loan portfolios. The extended dynamic model that
includes lagged NPLs confirms the persistence of credit risk and the stability of the flood
effect (Appendix 1).

To test the robustness of the baseline model, a bootstrap regression with 1,000
replications was conducted; it did not change the significance of the main coefficients.

One of the key steps in the analysis was to use a quantitative model to examine how a
climate shock, specifically a major flood, may affect the financial and macroeconomic
stability of Montenegro. For this purpose, a regression model was formulated in which the
GDP growth rate is the dependent variable, while the share of non-performing loans (NPLS),
inflation, and unemployment are used as independent variables. To avoid overburdening the
main text, the model is presented in Appendix 2.

This approach is consistent with the recommendations of several central banks and
research institutions that use similar methods to better understand the potential
macroeconomic effects of climate shocks (NGFS 2020; ECB 2021).

Specifically, the assumed physical climate shock, an extreme flood in 2025, was
simulated through an increase in the share of non-performing loans from 5.8% to 12.45%,
representing a shock of 6.65 percentage points. Based on the previously estimated relationship
between NPLs and GDP growth, it was calculated that such an increase in NPLs could reduce
the GDP growth rate in 2025 by approximately 0.54 percentage points.

Figure 2. Stress test of the NPL increase in 2025 for the GDP growth-rate series
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Source: Created by the author

Figure 2 shows the difference between the projected GDP path without the shock (blue
line) and the simulated growth rate in the case of a climate shock affecting the financial sector
(red line). The deviation in 2025 visually confirms the simulation results and points to the
serious consequences that may arise from physical climate shocks. It should be noted,
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however, that the analysis is based on the 2010 scenario, whereas future climate-related
disasters may be considerably more severe.

In the final step of the analysis, attention was directed to banking-system stability,
specifically to how a climate shock may affect banks’ capital adequacy ratio (CAR), one of
the key indicators of banking-sector resilience. For this purpose, a linear regression model
was used in which CAR is specified as the dependent variable, while the share of non-
performing loans (NPLs), the GDP growth rate, and return on assets (ROA), which reflects
bank profitability, are included as independent variables (Appendix 3). The data were
collected from the World Bank website and cover the period from 2007 to 2023, except for
ROA, for which the latest available data refer to 2021.

The model results indicate a statistically significant negative relationship between
NPLs and CAR: an increase in the share of non-performing loans by one percentage point
leads to an approximately 0.14 percentage-point decrease in capital adequacy (p = 0.035).
Although the remaining variables in the model did not show statistical significance, they were
retained for control purposes and to provide a more comprehensive view of the structure of
effects.

The decline in CAR results from increased provisioning and the growth of risk-
weighted assets, which is consistent with standard regulatory mechanisms.

Based on this model, a climate-shock scenario simulation was conducted in which an
extreme flood in 2025 is assumed to cause a sharp increase in NPLs. Applying the estimated
model, the path of CAR was simulated under these conditions, making it possible to assess the
potential effects of climate risk on bank capital.

Figure 3. Stress test of the NPL increase in 2025 for capital adequacy
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Source: Created by the author

Figure 3 presents the simulated CAR path under the climate-shock scenario (red line),
showing a clear decline in 2025 relative to the previous trend. This visually confirms the
model results and highlights the importance of integrating climate risks into financial-stability
assessments, as the spillover effect of climate shocks, in this case physical shocks, on the
macro-financial profile of an economy is evident.

Although these are basic models for climate-shock stress testing, the results indicate
potentially significant and systemic implications of climate events for banks’ capital
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positions. For this reason, such simulations serve as a starting point for further development
of climate stress testing and as support for policymakers in defining macroprudential
measures and managing climate risks in line with the growing requirements of international
regulators such as the NGFS (2020) and the BIS (2021).

The climate stress-test model implemented in this study is not limited to direct
physical risk, but also models its systemic effects throughout the financial chain: from bank
balance sheets, through the real economy, to sectoral capital stability. The methodology
applied allows for a relatively simple, yet analytically convincing, simulation of climate risk
tailored to the Montenegrin context and provides a basis for the further development of more
advanced stress-testing exercises within the Central Bank or other regulatory authorities.

3.2 Diagnostic Tests

The diagnostic tests relevant to this analysis include tests of stationarity,
heteroskedasticity, autocorrelation, and multicollinearity. The Augmented Dickey-Fuller
(ADF) test was used to examine stationarity, and the results are presented in the table below at
the 5% level of statistical significance.

Table 2. Summary of stationarity in the series used

Variable Level (ADF) First difference (ADF) Conclusion
NPL Non-stationary Stationary 1(1)
Inflation Non-stationary Stationary 1()
Unemployment Non-stationary Stationary 1()
CAR Non-stationary Stationary 1()
GDP growth rate Stationary 1(0)

Source: Created by the author

To examine the existence of a long-run relationship between the observed variables,
residual-based tests were conducted. The results indicate the presence of cointegration, which
justifies estimating the model in levels. None of the diagnostic tests indicated serious
econometric problems, while robust standard errors were used to increase the reliability of the
estimates.

3.3 Discussion of Results

In the first part of the analysis, the finding that the 2010 flood had a statistically
significant effect on the growth of NPLs (6.65 percentage points) represents key evidence of
banking-sector vulnerability to extreme climate events. This result is consistent with the
literature showing that physical climate risks affect borrowers’ repayment capacity through
the loss of assets, income, or productive capacity (NGFS 2020; ECB 2021). In addition to
confirming the relevance of climate events as a factor of financial stability, this result
strengthens the argument for incorporating physical climate risks into credit-rating models
and supervisory practices.

Furthermore, the finding that unemployment has a positive and statistically significant
effect on NPLs, amounting to 1.57 percentage points for each one-percentage-point increase,
confirms the traditional view of the macroeconomic determinants of credit risk. This is
expected, since unemployment reduces household disposable income and increases the
probability of delayed loan repayment. Inflation, by contrast, did not prove to be a significant
predictor in this context, which may indicate a relatively limited or indirect channel through
which it affects banks’ asset quality in Montenegro.
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The stress test shows that a simulated climate shock in 2025 could almost double the
share of non-performing loans, from 5.8% to 12.45%. This hypothetical scenario provides a
basis for quantifying the potential impact on the real economy and the financial system. The
projected reduction of the GDP growth rate by 0.54 percentage points in response to such an
increase in NPLs illustrates the classic mechanism through which financial instability is
transmitted to the macroeconomic domain.

An interesting finding, which may initially appear counterintuitive, is the negative
correlation between NPLs and capital adequacy (CAR). Although one might assume that
increased risk requires higher capital, banking practice points to the opposite effect: higher
NPLs lead to a reduction in capital through losses and provisioning, while simultaneously
increasing risk-weighted assets, thereby reducing CAR. This mechanism is fully consistent
with the existing theoretical framework and the findings of previous studies (Makri et al.
2014; Hou and Dickinson 2007; Ghosh 2015). The simulation confirms that a significant
increase in NPLs in 2025 as a result of a physical climate shock could substantially impair
CAR, with direct consequences for banking-system stability.

Figure 4. Transmission chain of a physical climate shock through Montenegro’s financial and
macroeconomic system

+ GDP growth
(-0.54 p.p.)
Floods t NPL Systemic effects:
(climate shock) (+6.65 p.p.) insyrance ::ggg
I CAR
(-0.14 p.p.
per 1 p.p. NPL)

Source: Created by the author

Overall, the results of this study confirm that physical climate risks, such as floods,
can no longer be viewed solely as environmental issues.

Despite the relevance of the results obtained, this study has certain limitations that
should be taken into account when interpreting the findings. First, the analysis is based on a
relatively small sample covering the period from 2007 to 2023, which may limit the statistical
power of the models and affect the stability of the estimates. Although robust standard errors
and additional techniques such as bootstrap estimation were used to mitigate potential small-
sample problems, the results should still be interpreted with a certain degree of caution.

Second, the operationalisation of climate risk in this paper is based on the use of a
dummy variable representing an extreme climate event, namely the 2010 flood. Although
intuitive and applicable under conditions of limited data availability, this approach does not
fully capture the complexity and continuity of climate risks. Accordingly, the results reflect
the effect of one specific event rather than the entire spectrum of climate shocks.

Finally, the model is simplified and does not include all potential channels of climate-
risk transmission, such as effects on the insurance market, public finances, or international
financial flows. Future research could extend the analysis by incorporating more complex
modelling approaches and more detailed indicators of climate exposure.

CONCLUSION

This study provides an empirically grounded analysis of the systemic effects of
climate risks on the financial stability of Montenegro, with a particular focus on the banking
sector. Using a modified climate stress test, the analysis shows that an extreme climate event,
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in this case a flood, may have multiple effects: it may increase the share of non-performing
loans (NPLs), reduce economic activity (GDP), and ultimately threaten banks’ capital
adequacy (CAR). These effects are not isolated; rather, they are transmitted through the
financial system, affecting the banking sector, insurance, the government’s fiscal position, and
the real economy.

The model indicates that Montenegro’s financial system is sensitive to climate shocks,
particularly given the country’s geographic exposure and the dominance of banks in the
financial structure. At the same time, the analysis of the relationship between NPLs and CAR
reveals a potentially counterintuitive finding, namely a negative association. This points to a
real mechanism of pressure on capital reserves under conditions of financial stress and is
consistent with the existing literature on financial stability. In this context, climate risks
should be treated as an essential component of financial supervision and macroprudential
policy, rather than as an external or secondary category of risk, since their consequences are
evidently far-reaching and very serious.

The key recommendations arising from the analysis are as follows:

1. Institutionalise climate risks within the Central Bank

The Central Bank of Montenegro should formally integrate climate risks into its
supervisory and analytical framework, including the development of climate-risk indicators
and the regular application of climate stress tests adapted to the local context.

2. Establish an interinstitutional platform for climate stability

A Working Group on Climate-Related Financial Risks should be established to bring
together the Central Bank, the Ministry of Finance, the Environmental Protection Agency, and
other relevant bodies, with the aim of coordinating data, policies, and responses to climate
shocks.

3. Improve statistics and access to climate-risk data

The lack of high-frequency and spatial data on climate events, damages, and sectoral
exposure represents a serious obstacle to more precise modelling. The establishment of a
national climate-exposure registry is recommended, integrating data on floods, droughts,
insurance, financial losses, and risk-sensitive sectors.
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APPENDICES

Appendix 1. NPL model including lagged values and graphical presentation of the dynamic

effect
Linear regression Number of obs = 16
F(3, 11) =
Prob > F = .
R-squared = @.8850
Root MSE = 2.2329
Robust
npl | Coefficient std. err. t P>|t| [95% conf. interval]
npl
L1. .5141778  .1494488 3.44 @.ee6 .1852432 .8431124
flood_dummy 5.347125 1.41027 3.79 0.083 2.24314 8.4511e9
inflation .1568685  .1436517 1.9 @.3e1 -.1681e67 .4722437
unemp loyment 1.311e3 .3973966 3.38¢ @.ee7 .4363663 2.185694
_cons -17.79787 6.474176 -2.75 9.019 -32.04744 -3.548388
Appendix 2. Econometric output of the GDP growth-rate regression
Linear regression Number of obs = 17
F(3, 13) = 2.85
Prob > F = 9.8782
R-squared = 0.2149
Root MSE = 6.0865
Robust
gdp_growth | Coefficient std. err. t P>|t| [95% conf. interval]
npl .0882222 .4540614 9.19 9.849 -.8927178 1.869162
inflation .5273859  .4e42394 1.3¢ @.215 -.34592@3 1.4080692
unemployment -.8432987 .9907584 -@.85 e.41e -2.98378@2 1.2971@5
_cons 14.769 12.51585 1.18 9.259 -12.26813 41.80613
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Appendix 3. Econometric output of the CAR regression

Linear regression Mumber of obs = 15
F(3, 11) = 4.87
Prob > F = 0.8e216
R-squared = ©.3828
Root MSE = 1.e37
Robust
car | Coefficient std. err. t P> |t] [95% conf. interwval]
npl -.1384801 .@577529 -2.40 @.e35 -.2655134  -.0112868
gdp_growth -.0440234 .9514511 -@.86 ©.41@ -.1572664 .98692196
ROA -.1551119 .1764846 -@.88 9.398 -.5433759 .233152
_cons 18.87914 .7351291 24.59 @.eee 16.46113 19.69715
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