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1Università degli Studi di Bergamo
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The appendix is organised in three sections. The first is devoted to representation of the tables
and figures relative to the estimation results. The second reports the main risk decomposition figures
and finally the third reports the analysis conducted on the climate risk factor.

1 Dynamic Betas estimation

In this section we report the main statistics of dynamic climate (Table 1) and market (Table 2) betas
as well as the coefficients and t-stat of DCC model (Table 3) and the OLS (Table 4) model introduced
for comparison purpose.

1



Table: Main statistics of dynamic climate betas’ estimation.

Table 1: Main statistics of banks’ dynamic climate beta. Given the linearity assumption of banks’
stock return with respect to CTFactor returns, dynamic climate betas are estimated moving from the
dynamic variance/covariance matrix derived from GJRGARCH-DCC model (DCB model).
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Table: Main statistics of dynamic market betas’ estimation.

Table 2: Main statistics of banks’ dynamic market beta. Given the linearity assumption of banks’
stock return with respect to market returns, dynamic climate betas are estimated moving from the
dynamic variance/covariance matrix derived from GJRGARCH-DCC model (DCB model).
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Table: Coefficients and t-stat of DCC model.

Table 3: The DCC model specifies the evolution of the pseudo-covariance matrix as illustrated in
equation 4). Table 3 reports α and β parameters and their significativity in terms of t-stat.
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Table: Coefficients and t-stat of OLS regression model.

Table 4: The significativity in terms of t-stat is almost always confirmed both for market and climate
factor, where ”Cons” is the constant, ”Mkt” is the Market return and ”CTFactor” is the CTFactor
return.

The estimates of dynamic climate transition betas are reported hereafter for each bank, grouped
by country from Figure 1 to Figure 5 for Italy, Spain, France, Norway and Germany. In Figure 6 we
report the dynamic betas of the remaining banks. All the Betas’ time series have been smoothed with
a six-months moving average.
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Figure : Climate Transition Beta of Italian banks.

Figure 1: Dynamic climate betas are reported for 7 major Italian banks. Betas have been smoothed
with a moving average of 126 days.
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Figure : Climate Transition Beta of Spanish Banks.

Figure 2: Dynamic climate betas are reported for 5 major Spanish banks. Betas have been smoothed
with a moving average of 126 days.
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Figure : Climate Transition Beta of French Banks.

Figure 3: Dynamic climate betas are reported for 3 major French banks. Betas have been smoothed
with a moving average of 126 days.

8



Figure : Climate Transition Beta of Norwegian Banks.

Figure 4: Dynamic climate betas are reported for 3 major Norwegian banks. Betas have been
smoothed with a moving average of 126 days.
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Figure: Climate Transition Beta of German Banks.

Figure 5: Dynamic climate betas are reported for 3 major German banks. Betas have been smoothed
with a moving average of 126 days.
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Figure : Climate Transition Beta of all other Banks.

Figure 6: Dynamic climate betas are reported for 14 major European banks, exluding Italian, Spanish,
French, Norwegian and German banks. Betas have been smoothed with a moving average of 126 days.

2 CRISK Decomposition

CRISKs for the selected Italian, German, French, Spanish and Norwegian institution are depicted
in Figures from 7 to 11. CRISKs of all the other banks are not represented hereafter, but they are
available upon request. Generally speaking, CRISK of many European banks have increased in recent
years. Interestingly, French and German banks result to be the most exposed to climate risk, whereas
Norwegian banks appear to be the most resilient to it.
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Figure : CRISK of Italian banks.

Figure 7: CRISK is reported for 7 major Italian banks. CRISK is computed as CRISKi,t = k ·
DEBTi,t − (1− k) ·EQUITYi,t · (1−LRMESi,t). Climate betas have been smoothed with a moving
average of 126 days.
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Figure : CRISK of Spanish banks.

Figure 8: CRISK is reported for 5 major Spanish banks. CRISK is computed as CRISKi,t =
k ·DEBTi,t−(1−k) ·EQUITYi,t ·(1−LRMESi,t). Climate betas have been smoothed with a moving
average of 126 days.
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Figure : CRISK of French Banks.

Figure 9: CRISK is reported for 3 major French banks. CRISK is computed as CRISKi,t = k ·
DEBTi,t − (1− k) ·EQUITYi,t · (1−LRMESi,t). Climate betas have been smoothed with a moving
average of 126 days.
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Figure : CRISK of Norwegian Banks.

Figure 10: CRISK is reported for 3 major Norwegian banks. CRISK is computed as CRISKi,t =
k ·DEBTi,t−(1−k) ·EQUITYi,t ·(1−LRMESi,t). Climate betas have been smoothed with a moving
average of 126 days.
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Figure : CRISK of German Banks.

Figure 11: CRISK is reported for 3 major German banks. CRISK is computed as CRISKi,t =
k ·DEBTi,t−(1−k) ·EQUITYi,t ·(1−LRMESi,t). Climate betas have been smoothed with a moving
average of 126 days.

To better understand the dynamics of CRISK in this period span, we decompose CRISK of each
bank into the components due to debt, equity, and climate risk and then we aggregate them at country
level, according to the methodology explained in section 2 of the paper. Tables from 5 to 9 show the
yearly decomposition of CRISK (in EUR bn) for the most representative European countries in the
period between 2019 – 2022.
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Table: Decomposition of Italian CRISK.

Table 5: cDebt: contribution of total liabilities to CRISK (EUR bn); cEquity: contribution of market
capitalization to CRISK (EUR bn); cRisk: contribution of climate risk to CRISK (EUR bn); cCRISK
is equal to the sum of cDebt, cEquity and cRisk. It approximates the capital shortfall (if positive) or
capital surplus (if negative) in case of a climate stress scenario. All values are reported in EUR bn.

Table: Decomposition of French CRISK.

Table 6: cDebt: contribution of total liabilities to CRISK (EUR bn); cEquity: contribution of market
capitalization to CRISK (EUR bn); cRisk: contribution of climate risk to CRISK (EUR bn); cCRISK
is equal to the sum of cDebt, cEquity and cRisk. It approximates the capital shortfall (if positive) or
capital surplus (if negative) in case of a climate stress scenario. All values are reported in EUR bn.
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Table: Decomposition of Spanish CRISK.

Table 7: cDebt: contribution of total liabilities to CRISK (EUR bn); cEquity: contribution of market
capitalization to CRISK (EUR bn); cRisk: contribution of climate risk to CRISK (EUR bn); cCRISK
is equal to the sum of cDebt, cEquity and cRisk. It approximates the capital shortfall (if positive) or
capital surplus (if negative) in case of a climate stress scenario. All values are reported in EUR bn.

Table : Decomposition of German CRISK.

Table 8: cDebt: contribution of total liabilities to CRISK (EUR bn); cEquity: contribution of market
capitalization to CRISK (EUR bn); cRisk: contribution of climate risk to CRISK (EUR bn); cCRISK
is equal to the sum of cDebt, cEquity and cRisk. It approximates the capital shortfall (if positive) or
capital surplus (if negative) in case of a climate stress scenario. All values are reported in EUR bn.
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Table : Decomposition of Norwegian CRISK.

Table 9: cDebt: contribution of total liabilities to CRISK (EUR bn); cEquity: contribution of market
capitalization to CRISK (EUR bn); cRisk: contribution of climate risk to CRISK (EUR bn); cCRISK
is equal to the sum of cDebt, cEquity and cRisk. It approximates the capital shortfall (if positive) or
capital surplus (if negative) in case of a climate stress scenario. All values are reported in EUR bn.

3 Climate Risk Factor

The Climate risk factor is computed as a stranded asset portfolio consists of a long position in the
stranded asset index comprised of 30% in Energy Select Sector SPDR ETF (XLE) and 70% in VanEck
Vectors Coal ETF (KOL), and a short position in the markey index.
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Figure : Scaled Transition Risk Index and Scaled Market Index.

Figure 12: Transition risk index and market index are scaled on a 100-basis at the beginning of
January 2000. Transition risk index is computed as CTFactor = 0.3 ·XLE+0.7 ·KOL−1.0 ·MSCI,
until KOL liquidation. Before KOL inception and after KOL liquidation, CTFactor is computed as
CTFactor = 1.0 ·XLE − 1.0 ·MSCI. European market is approximated by MSCI Europe.

Transition betas and loan exposure towards energy sector show a positive correlation for three out
of four quarters taken into account. More specifically (see Figure 13), over the four quarters, we find
a pattern of correlation loosening until a change in sign (from positive to negative) in June 2022.
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Figure : Correlation between climate transition risk beta and NFC loans towards energy sector.

Figure 13: Correlation between climate transition risk beta and NFC loans towards energy sector is
reported for 35 European banks. Analysis has been conducted at the end of 4 quarters (September
2021, December 2021, March 2022 and June 2022), based on data availability. Log of Energy loans is
reported on x-axis. Dynamic climate beta is reported on y-axis.

In our analysis we estimate the risk premia for the risk factors: from the DCC model we obtain an
estimate of the covariance matrix from which we derive time series of conditional loadings for market
and climate risk factors.

Then, by sectioning time series of banks’ stocks, market and CTFactor returns, for each day we
perform a 126-days-rolling cross sectional linear regression of average European banks’ stock returns
against average market and CTFactor returns. Each cross sectional regression, performed at time t,
is represented by the following equation:

Z̄t = αt + λClimate
t · B̄Climate

t + λMarket
t · B̄Market

t + ξt (1)

where:

1. Z̄t is the (35×1) vector of average returns in [t-126,t];

2. B̄Climate
t is the (35×1) vector of average dynamic climate betas in [t-126,t];
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3. B̄Market
t is the (35×1) vector of average dynamic market betas in [t-126,t];

4. ξt is the (35×1) vector of error terms;

5. αt, λ
Climate
t , λMarket

t are the scalar parameters at time t.

Although significativity of regressors is not confirmed over the whole decade, on average we report
a t-stat equal to 1.99 (p−value < 0.1) for market risk premium and to 1.84 for transition risk premium
(p− value < 0.1).

Interestingly, while the daily market premium appears to be close to zero and less volatile than
λClimate, we document an average λClimate range between -1.7% and +1.1% with higher volatility
which has notably increased during period 2020-2022, presumably as a consequence of the European
energy crisis and economic turmoil.

Figure 14 depicts the dynamic of λClimate and λMarket between June 2013 and December 2022.
T-stats are reported in Figure 15.

Figure : Dynamic market and transition risk premium.

Figure 14: 126-days-rolling cross sectional linear regression of average European banks’ stock returns
against average market and CTFactor returns. Each regression is computed as Z̄t = αt + λClimate

t ·
B̄Climate

t +λMarket
t · B̄Market

t + ξt, where λ
Climate
t is CTFactor Premium and λMarket

t is Market Premium
at time t.
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Figure : T-stats of dynamic market and transition risk premium.

Figure 15: 126-days-rolling cross sectional linear regression of average European banks’ stock returns
against average market and CTFactor returns. Each regression is computed as Et,t−126(r) = α +
λClimate · Et,t−126(β

Climate) + λMarket · Et,t−126(β
Market) + ξ, where λClimate is CTFactor Premium and

λMarket is Market Premium.
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