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Introduction

Lecture's focus

The goal

The aim of this lecture is to focus on:

o the climate related risks in the financial system, namely the physical and the
transition risk;

o the quanto options as a way to hedge the physical risk and incentivize the green
transition;

@ the quanto options as a way to hedge the transition risk and incentivize the green
transition.

v

To do so we consider the current state-of-the art:

o Paris Agreement-2015: long-term global temperature below 2° C, hence half of
the emission cuts must be done by 2030;

@ concentration of GHGs in the atmosphere is the main cause of temperature's
rising and other hazardous events (very difficult to be predicted);

@ serious concern for possible spillovers in financial system: to provide protection we
need to define and measure the Climate risk drivers and transmission channels.
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and Management

Physical Risk

The Physical Risk can be:
@ acute, if caused by extreme weather events;
o chronic, if related to long-term variations in climate.
New methods for risk assessment due to:
@ the unpredictability of financial losses caused by extreme events;
@ the long-time horizon concerning their effects.

The IPCC introduced the RPC, i.e. 4 scenarios paths concerning the future (from
2005 to 2100) concentration of GHGs (based on different parameters assumptions as
fossil fuel use, economy, population...).
Transmission channels:
@ microeconomic: impact directly or indirectly the bank exposure through changes
in counterparties creditworthiness,...
@ macroeconomic: impacts labour productivity and GDP affecting the economic
system where the bank operates.
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Climate Risk

Physical Risk: Main Transmission Channels

o Credit Risk: physical hazards directly damage the capital of firms and households,
rising the probability of borrowers’ distress and bank inability to recover the full
loan. On the other hand if a natural disaster cause a negative impact on
productivity, labour and GDP, either the credit risk is impacted by the economic
growth dropping

o Market Risk: unpredictability and uncertainty of extreme events might increase
the volatility of traded assets causing unexpected prices’ changes.

o Liquidity Risk: firms and households withdraw their deposit to fund recovery,
putting pressure in the bank’s ability to meet obligations.

@ Operational Risk: in case of failure of internal processes as damages to
telecomunication or transportation infrastructures.
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Climate Risk

Mitigation and Management

Transition Risk

It regards the costs to bear when switching from a high-carbon to a low-carbon
economy. J

The green transition implies that:

@ companies must retire infrastructures before their useful life, causing a
devaluation of their assets and leaving them with stranded capital.

@ companies are exposed to stranded value when the market value of a project is
subjected to devaluation.

The transition risk drivers are:
@ introduction of new government policies;
o technological advances;

o variation of consumers and investors sentiment toward green alternatives.
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Transition Risk: the assessment
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Scenario Analysis is used to measure the transition risk and its effects as well: the
NGFS provides a set of 4 high-level scenarios based on whether or not climate targets
are met and how the transition to low carbon will occur (orderly or disorderly).
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Transition Risk: the transmission channels

o Credit Risk: devaluation of carbon-sensitive assets and increasing of default’s
probability. If firms wont be able to adjust to technological innovations, their
obsolete technologies will be more expensive due to carbon taxes and affecting
their creditworthiness. Banks with high exposures will experience an increasing in
their risk too. From a macroeconomic point of view a shift toward low-carbon
economy causes a reduction in government revenues, affecting the credit rating
and increasing the sovereign risk (and the credit risk of banks having them as
counterparties). Moreover more restriction to favor the transition can reduce the
profit of firms and increase the prices with a consequent reduction of
consumption and a negative impact on GDP.

o Market Risk: Banks can miscalculate the market valuation of financial assets as
their holding period is lower than the time horizon of climate-related effects.
Moreover unexpected changes in prices and borrowing costs can be caused by
climate-friendly policies, technological advances and new preferences.
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Tra
Mitigation and Management

Climate Risk: Mitigation

@ Insurance and Reinsurance Companies: their role of shock absorbers allow to
strengthen the financial system resilience: in Eu only 35% of total losses caused
by extreme weather and climate-related events were insured, suggesting the
presence of a protection gap. Pressure on insurance companies due to
unpredictability and contagious factors. Innovations in product (as ILS as CAT
bond).

o Asset Diversification: for geographical area and sector.

o Reduction of the exposure to climate-sensitive assets or affected by new
regulations.

@ Invest in derivatives market or green market: ESG fund, sustainability-linked
bond, green bond (hot debate about greenwashing), ESG futures or options.
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Mitigation and Management

Climate-Risk management

o Difficulty of correctly recognize and price such risks: miscalculation because their
time horizon is longer than the traditional financial risks ones, availability of data,
their reliability and the lack of standardized measures.

o Fundamental market failure: lack of appropriate incentives to reduce GHG
emissions due to inaction of policy makers.

@ Geographical heterogeneity.

Eu established in 2018 the Technical Expert Group on sustainable finance to develop
the EU taxonomy, i.e. a classification which determines if a firm is sustainable or not,
rating them according to ESG factors. This classification improved the transparency
and the reliability of the economic system.
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Climate Risk

Mitigation and Management

Transition Risk management: EU-Emission Trading System

In order to facilitate the transition from a carbon intensity economy to a low carbon
one (assuring for low cost and standard procedure):

@ 2005: according to Kyoto Protocol, EU created the EU-ETS, a financial market
where emission allowances were exchanged between firms.

@ The emission allowances allow the owner to emit 1 tonne of CO2.

@ The market of the emission allowances is a cap and trade system: each year the
authority auctions a predetermined number of emission allowances then during
the year the certificates are exchanged in the market. In the next year the
authority check if the total number certificates owned by every operator covers
the total emissions of the firm during the year, and the certificates used for
covering the emission are cancelled. If the firm cannot cover its total emissions
with certificates it must pay a penalty which is 100 euros per tonne.
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ation and Management

EU-Emission Trading System

EU-ETS transforms the greenhouse gases into a commodity whose market price is
equal to the marginal abatement cost of the greenhouse gases.

We identify 4 phases during which the regulators has changed the regulations of the
markets and increased the number of sectors that must operates in them:

o phase 1: 2005- 2007,
@ phase 2: 2008-2012,
o phase 3: 2013-2020,
o phase 4: 2021-2030.

An EFFICIENT cap and trade system assures for working properly (GHGs are reduced
year by year). It happens if the price of the certificates is equal (or very close) to the
marginal abatement cost (in equilibrium) of GHGs.
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EU-Emission Trading System

In an efficient ETS, to fulfill any need of production a company can choose to invest
into a technology that abates emissions for producing goods or to buy emission
allowances to cover the production using the old carbon intensive technology.:

o if abatement costs are lower than the price of the emission allowances: managers
will take the investment opportunity;

o if abatement costs are greater than the price of the emission allowances:
managers will buy the certificates, so pushing up the price of the allowances and
making the low carbon technology more appealing again.

An Efficient ETS transfers in prices the information about the transition risk (high risk
if the abatement costs are high, low risk if they are low). J
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Theoretical Framework

The payoff depends on the product of two indices and allows to take into account the
volumetric impact of one variable on the other. The more correlated the more
effective is the capture of volumetric and price risk.

In general, the present value of a quanto option written on two underlyings, S; and
S, has following structure:

Vi(S1,82,T) = B [¢ "D max(S1(T) - Ky,0)max(S2(T) — Ka,0)

Given that 5; = In(S;), for i = 1,2, the expectation can be rewritten in its integral
form:

Vi(S1,52.T) = [: /:0 /:0 s’"’(ﬁjf e“)(egf FA2)(])’(E|.E2.I‘)£/E|[IEQdM

where ki = In(K;),i = 1,2 and q7(51,52, r) stands for the joint density function of S;
and S,.
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Quanto on Temperatures and Electricity Prices

o Temperatures changes, especially if unexpected, can have a significant impact on
electricity demand, therefore implying additional costs for the provider. Retail
operators will incur in higher risk associated to temperature changes and, in turn,
electricity prices changes.

o Focusing on the winter season, the index constructed is the HDD (Heating
Degree Days) one, computed for the time period using a pre-determined base
temperature, which has been set as the ideal temperature where neither heating
nor cooling is required, i.e.

M
HDD = Z max(18.3 - T;; 0),

i=1

with T; =daily average temperatures and M =Maturity days. Finally a tick (set
to 10 euro MWh/HDD) translates the underlying estimate into a monetary
quantity.

@ Double call option, to hedge periods with temperatures and electricity prices
higher than expected, has the following payoff function:

P“,/[(HDD,K_L EA,K_z) =max(0, HDD(T) —E) X X max(0,E(T) — K_:)

S. Romagnoli Quantity-Adjusting Options:



Quanto Options S e @ ble Energ:

Modelling Temperatures and electricity prices

The two variables present similar characteristics: they both have a seasonality
component, mean-reversion and jumps. The two processes will therefore have the
following structure:

log(Pr) = f(1) +X;

where the seasonality and the stochastic components are:

f(2) = s18in(2x1) + s2.cos(2nt) + 53 sin(4nt) + s4 cos(4nt) + 55

dX; = (@ — kX,)dt + cdW, + J (s, 05)dII(2)

where s;,i = 1,...,5 are constant parameters, t is the annualized time factor and J
stands for the jump size which follows a Poisson process N1 with jump intensity A.
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Quanto on EUA and Renewable Energy

We consider a quanto option on the spot prices of European Allowances and a
European energy index for renewable resources (ERIX): EUA are used as the
volumetric variable such that if allowances prices increase, it is reasonable to think
that the renewables prices will increase as well (due to policy regulation and rise in
demand). Therefore by holding this kind of quanto, its value will increase in volume,
favoring the buyer in the process of transition.

@ It acts as a policy instrument for transition toward a low-carbon economy,
allowing firms to buy more renewables in case of regulatory process should
speeding up the transition (hence increasing the process of EUA).

@ Double-call option designed to increase in value as the EUA spot prices increase
and, at the same time, account for the effect of an increase in renewables prices
due to expanding demand:

P(Sgua. K2, Serix, K1) = max(0, Sgua(T) - K2) x max(0, Sgrix (T) - K1)
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Quanto Options Carbon Allowances and Renewable Energy

Modelling EUA and ERIX

It has been assumed an exponential Ornstein- Uhlenbeck process for both dynamics,
as the two time series, like many other commodities (e.g. gold and oil prices), exhibit
a mean-reverting behavior, i.e.

dX (1) = 0{u — In(X) } X (1)d1

Applying 1td's lemma, we get the exponential Ornstein-Uhlenbeck process, i.e.

2,01

d{Ln[X(1)]e"} = ((.)w)”’ _ ‘Tzf

)dl +oe"aw (1)

whose solution is:

t

La[X(£)] = La[X (5)]e”) + (;1 - :—H_)[] — e +/ [(r(f_y('_”) |¢1'W(u)

s
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Quanto Option: Electricity and Temperature

Contract Specification

Protection period
Temperature index
Energy index
tick value
Strike HDD (K))
Strike Electricity (K2)
Payoff Quanto option |

October 2021-March 2022
HDD based on Betlin temperatures
EEX - Phelix Base Hr.01-24 E/Mwh
€10x MwH/HDD
€2208.99
€46.70
max[0,(HDD —K) x 7 x (E - K3)]

Payoff Quanto option 2 | max[0, (Ki — HDD) x 7 x (K2

E)]

For both temperatures and electricity, the period considered to calibrate the model
parameters refers to January 2013 to December 2020. Below there are some
descriptive statistics for the two datasets, which are presented for the whole period as
well as for the cold period only, on which the HDD index is based and that has been

set approximately as the months from October to March.

Berlin Temperatures

Whole Period | Cold Season
Mean .09 5.05
Standard Deviation 7.83 4.83
Skewness 0011 0.129
Kurtosis 225 3.15
Min 1LY, 119
Max 309 188

Phelix Baseload spot Prices

Mean 37.99 38.68
Standard Deviation 10.94 12.69
Skewness 056 0.078
Kurtosis 438 484
Min 152 152

Max 86.01 86.01
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Empirical experiments

Quanto Option: Electricity and Temperature

The correlation coefficient between log-price changes and raw temperatures levels is
significant and negative both for the whole period (-0.1419) and for the cold season
(-0.1627), showing evidence of correlation between the two variables (especially during
the colder season, in which probably lower temperatures are associated to higher
change in demand and in the energy price).

The calibration process follows two steps: the first is to find the seasonality
parameters to capture the seasonal component and remove it from the time series.
The second part regards the calibration of the stochastic part, from which the
mean-reversion and jump parameters are obtained.

Calibration of the seasonality and the stochastic component has been obtained
through the least squares method and by minimizing the negative log likelihood
function, respectively.

51 52 53 54 ss
Temperatures  -2.8595 -9.3553  0.1971 0.5576 10.7189

Electricity  -0.1143 0.0558  0.0242 0.0125  3.5935
@ X 1 o o M
Temperature 961098 788 2907982 28.03 19273 0.3304

Electricity log-prices  5.1520  101.1717  31.7734  2.8274 0.6559 -0.1571
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Empirical experiments

Quanto Option: Electricity and Temperature

The calibrated parameters allow to simulate electricity prices and temperatures up
until the maturity of the quanto options contract (i.e. 31st March 2022). The Monte
Carlo simulation is conducted on the de-seasonalised variable and with 5000 trials and
finally, the seasonality component has been added back, obtaining the simulated paths
for temperatures and electricity prices. As a way to compare the model reliability, it
has been plotted the real market data for electricity prices up to the nearest date
available (December 2021) against one simulated path of the Monte Carlo process.

||
f"""‘*‘u‘r"r,‘«f”w‘v i

}
it
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Empirical experiments

Quanto Option: Electricity and Temperature

o Calibration of the dependence structure.

ehpot

20 w0

m’mm

o Archimedean copula calibration.

Gumbel Clayton Frank
@ 1.287 0.5743 2.093
MSE  0.000134 0.001438603  0.000411
T 0.223

@ Pricing by MonteCarlo simulation.

Quanto Option I (call) _Quanto Option 1T (put)
Price €2288.70 €2846,37

Romagnoli antity-Adjusting Option:



Empirical experiments

Quanto Option: EUA and ERIX

Contract Specification

Evaluation Time
Maturity
Allowances
Renewables Index
Strike ERIX (K1)
Strike EUA (K2)

I'st January 2021
315t December 2021
EUA from the EU-ETS
ERIX- European Renewable Energy Index
€2.882.94
€32.04
Payoff Quanto option | max(0, Sgua(T) = Ka) X max(0. Sgxix (T) - K1)

EUA spot prices are traded in the EEX market, and each permit the emission of one
tonne of carbon dioxide equivalent. In particular, the time series analysed corresponds
to the third phase of the EU-ETS, starting from 2013 and ending in 2020, as it is the
longest time period available which enables a fair comparison of price movements.
The ERIX series has been considered from January 2013 to December 2020 as well).

Mean
Standard Deviation
Skewness
Kurtosis
Min
Max

EU Allowances(€)
11.87
8.52
0.834
2.0376
2.68
33.28

ERIX Prices (€)
997.66
415.94

1.298
57516
303.59
2.899.5
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Empirical experiments

Quanto Option: EUA and ERIX

@ Stationarity is found in the two series, for both the first-difference in prices and
the logarithmic returns. This implies the presence of a mean-reverting behavior,
suggesting that the use of the exponential Ornstein-Uhlenbeck model is a good
choice.

@ To conclude, the two variables show a strong positive correlation (Pearson
correlation coefficient = 0.83). This justifies the use of a quanto option, which
strongly relies on the presence of a correlation pattern between the main
underlying (i.e. ERIX) and the variable that gives volumetric meaning to the
derivative (i.e. EUA).
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Empirical experiments

Quanto Option: EUA and ERIX

@ The parameters estimation has been obtained using a least-square regression,
which relates the natural logarithm of the spot price with the natural logarithm of
the first lag.

" - 6
EUA log-prices 3.2889 0.0327 0.0164
ERIX log-prices 92121 0.0147 0.000503

@ Copula calibration

Gumbel  Clayton Frank
@ 2.4602 2.9205 7.7595
MSE 0.001788 0.006224 0.003034
T 0.594

o Pricing by MonteCarlo simulation

Quanto Option on EUA and ERIX
Price €592.65
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Empirical experiments

Final Remarks

Final Remarks are in place:

@ it is clear that including climate-related risks in the evaluation of exposures is
fundamental to being able to address the problem without underestimating and
exacerbating the negative effects temperatures or extreme events

@ the uncertainty in the happening of extreme events and in the rate of transition
of the economy makes it difficult for market participants to correctly evaluate and
update their climate exposures. This is even more complex if we consider the
geographical and sectoral heterogeneity concerning both physical and transition
risk

o the role of data disclosure and standardization becomes pivotal in trying to
provide investors with transparent and comparable information for climate risk
management
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Empirical experiments

Final Remarks

Climate risk management through the derivatives’ market:

@ the double quanto option on HDD index and Electricity spot prices, can be a
helpful tool for retail energy operators, who have to supply energy with sticky
prices, to cover possible losses due to changes in energy demand because of
increasing temperatures or extreme events

@ the double quanto option on EUA and ERIX index is a policy instrument to
incetivise firms to use more renewable resources in their production
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Thank you very much!

For any question, feel free to ask or contact silvia.romagnoli@unibo.it
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