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Abstract: The energy sector is perceived as one of the most exposed sectors to the consequences
of weather risk both directly (damages of its infrastructure) and indirectly (frictions to the energy
supply—-demand balance). The main aim of this paper is to provide an insight into the impact of
weather risk on economic activity of companies operating in the energy sector in Poland. The empirical
objective is to examine whether energy companies: (i) identify their relevant weather risk exposures;
(ii) evaluate the impact of weather risk in the cost-revenues dimension; and (iii) implement weather
risk management tools, in this case—weather derivatives. In a methodical context, this study relies
on a unique research approach and derives from works that examine companies’ risk disclosures
in annual reports, by applying textual content analysis. The results indicate that Polish energy
companies recognize the impact of weather risk on their performance, also in the cost-revenues
dimension. However, although the reported weather risk management methods were diversified, the
examined companies did not use weather derivatives to hedge their weather risk exposures. In the
overall dimension, the companies leading with the perception and management of weather risk were
diversified regarding performance and market size.
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1. Introduction

Weather risk-related studies commonly address the relevance of the global climate change we
face nowadays. The fact is that since the end of the 19th century the average surface temperatures
on Earth have grown constantly and since the pre-industrial reference period have increased by
1.5 °C [1]. This trend is a mostly human-induced phenomenon, as the observed warming is attributed
to human activities. The growth of average temperatures is correlated with the growing number
of temperature anomalies observable worldwide and is responsible for numerous weather-related
disasters. Unfortunately, this trend inevitably continues, as 2016 and 2017 were ranked respectively as
a first and second warmest years since 1880 [2,3].

The consequences of climate change we face nowadays are widely analyzed in the extensive
body of literature. The problem of changing weather conditions, both in the context of reasons behind
climate change and the severity of its consequences, is examined in environmental, climatology, and
meteorology related works. The analytical context embraces the socio-economic impacts of climate
change (e.g., [4,5]) and the disastrous weather-related consequences of global warming (e.g., [6] with
examples for European region and [5] in US context).

The literature that focuses on the economic aspects of climate change predominantly refers to
the reasons behind and the consequences of changing weather conditions, together with the analysis
of its impact on various branches of the economy. A wide overview of previous works related to
the economic aspects of global warming was performed by Dell et al. [7] or Schneider and Lane [8].
However, in the context that remains relevant for this study, several aspects that were examined in
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previous empirical works need to be highlighted. First, although changing weather conditions affect
various industries (e.g., productivity in agriculture [9-12], tourist destination choices [13,14], human
health through the diffusion of heat and cold related diseases [15], retail [16,17]), the energy sector is
perceived as highly exposed to weather-related risk. In this regard, various levels of the interplay, both
in the macro-perspective and micro-perspective, were examined. In particular, reciprocal influences
were deeply considered on how the energy sector affects global climate change and how climate
change in turn affects the energy sector. One of the most explored issues is the relationship between
energy demand and temperature changes, as a weather-related factor (see meta-analysis performed by
Schaefer et al. [18], with an overview of previous empirical studies in this topic).

The second stream of literature relevant for this study refers to the possible methods of managing
weather risk in the energy sector. Weather risk is defined as related to the consequences of changing
weather conditions [19]. In the context of the energy sector, the existing literature considers various
methods and technological solutions that may enhance better assessment of weather risk (in this the
frequency of risk occurrence) and the execution of better risk mitigation strategies (e.g., [20]). It should
be noted that the majority of previous empirical studies is regionally oriented, with the purpose of
deeper insight into a situation in a given country or geographic area. There again, in the context
of the energy market, a wide body of the literature is related to weather risk hedging that manages
the unfavorable impact of temperature anomalies on the changes of energy demand and supply.
The existing body of the literature related to this issue focuses on valuation techniques and efficiency,
as well as the market for weather hedge instruments, weather derivatives in particular (e.g., [18]).

The main aim of this study is to provide insight into the impact of weather risk on the economic
activity of companies operating in the energy sector as the main players of the energy market. This study
refers to the situation of the Polish energy sector, and in particular, aims to examine whether Polish
energy companies identify their relevant weather risk exposures and whether they attempt to evaluate
the impact of weather risk on their efficiency (in cost-revenues dimension). In the risk-mitigation
context, the study aims at exploring the extent of the implementation of weather derivatives by Polish
energy companies, with reference to the implementation of other methods of managing weather risk.
The empirical examination is preceded by a short discussion over the dimensions of the impact of
weather risk on the energy sector and the applicability of weather derivatives in managing the risk that
is most relevant for energy supply—demand market equilibrium in the face of temperature anomalies.
This discussion develops the conceptual framework for this study.

A focus on Poland was motivated by several observations. First of all, in the debate over global
climate change the continuous growth of average temperature is highlighted, with a long-term outlook
(e.g., that since 1880s the continuous growth of average Earth temperature is observed, with an
approximate growth of 0.06-0.07 °C per 10 years, which recently sped up to 0.13 °C per 10 years [21]).
However, analysis of global climate change rarely provides a deeper outlook pertaining to the regional
and local context, which is relevant for the consideration of weather risk impact. In the past two
decades, Poland was affected by a growing number of incidents of extreme weather conditions.
In general, Poland has a mostly temperate climate, between the oceanic climate dominating in the
north and west of the country and continental climate in the south and east. Air masses come to
Poland from all directions. Hence specificity of the climatology of Poland can be perceived as a mix of
maritime, continental, polar, and tropical influences. Oceanic currents are an important factor driving
the climate of Poland. The inter-year variability of seasonal or monthly mean temperature can be very
high. Monthly temperatures largely vary between years, particularly in winter (in one location the
temperatures may range between —4 and +6 in December or between —40 and +20 in February) [22].
The extreme weather anomalies emerge, for instance, by high vulnerability of rainfall, the changing
structure of rainfall (draught followed by 2-3 intensive rainfalls, leading to floods), incidents of hail,
and a sharp increase or decrease in temperature. Moreover, climatologists observe weather anomalies
in seasons: hotter springtime, “Saharan” heat waves in summer and warmer and much shorter winters.
The growth of average temperatures is observed within the whole Baltic region [21,23-26].
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Secondly, the energy sector in Poland is specific; there is a saying that “Poland sits on coal” due
to the fact that the coal mining industry is very relevant to the Polish economy. Notwithstanding,
discussions over the reasons behind global warming address, among others, the need for a limitation of
energy produced from fossil fuels, which is a difficult issue for Poland. Thus, Poland attempted to be
granted some privileges in the implementation of solutions that may slow down climate change. Very
recently (December 2019), Poland was the only of the European Union member states to disagree to
carbon neutrality by 2050 [27]. This political decision was explained by the current Polish government
as justified due to the relevance of the coal industry to the Polish economy, as hard coal is the primary
energy source. In the European Union, Poland still leads in the volume of coal mining (according to
Eurostat, in 2018 Poland was responsible for 86% of hard coal mining in the European Union [28]).
Concomitantly, the energy sector remains the prime consumer of hard coal in the structure of Polish
hard coal consumption, with nearly a 60% share in 2018 [29]. It is worth mentioning that the biggest
players both in the coal mining industry, as well as in the energy sector, remain under governmental
control to some extent, due to the capital share of the Polish treasury. Facing these facts about Poland,
the study on weather risk perception (as related to climate changes) in the Polish energy sector may
be controversial, and in fact, this controversy justifies the examination of Poland. In the case of
Poland, the dual role of the energy market players is more exposed than in the case of other European
countries. On one hand, the energy companies are expected to satisfy the strategic goals relevant
from an economic point of view. On the other, however, their performance remains influenced by the
effects of climate change and the related weather risk incidents, induced in a great degree by their
own activity.

A third motivation behind this study was the works of Binkowski [30] and Pre$ [31] who
overviewed the situation in Poland about 15 years ago. Binkowski [30] conducted a study that led to
the following conclusions: although the Polish energy sector remains highly exposed to weather risk,
the demand for weather derivatives is non-existing and there was any financial market infrastructure
to support the management of weather risk with weather derivatives. According to Pre$ [31] there
were no weather derivative transactions in Poland, probably due to low awareness of managers on the
functioning of weather derivatives market. Facing this evidence, the revision of the situation in Poland
performed in this study captures the evolution of both the changes of the energy sector’s perception of
weather risk and the changes of risk mitigation strategies in this respect.

This study may potentially contribute to the academic debate on the impact of changing weather
conditions on the energy sector in several dimensions. First, as it remains single-country oriented, it
offers a deeper consideration of the country-specific features of weather risk management in energy
market related contexts. A second contribution of this study is the implementation of a unique research
approach. This study uses textual content analysis as a research method. The main advantage of
content analysis is the possibility of obtaining unique qualitative information in a structured way, so
that scientifically sound conclusions can be drawn [32]. This study explores the information disclosed
by energy companies in their annual reports. For that purpose, the study relies on a unique set of
hand-collected data. The research design remains tightly connected to the economic aspects of the
performance of the energy sector, as it relies on information disclosure relevant for market behavior
and efficiency (as the ultimate outcome of economic performance).

This study also contributes to risk-management related literature. The studies that examine the
problem of weather risk management in the energy sector typically focus on the impact of temperature
volatilities and the problem of the pricing of weather derivatives (see e.g., [18]). This study offers
a broader context of the examination of energy companies” weather risk management, as it revises
weather risk management as an element of their complex (holistic) risk management strategy.

The remainder of this paper is organized as follows. The Section 2 provides a theoretical framework
of the study: it explains the facets of weather risk and its impact on the energy sector, from the point of
view of energy market economics. In this context, it discusses the utility of weather derivatives in the
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energy sector. The Section 3 explains the design of the empirical investigation. In the Section 4, the
obtained results are discussed. The Section 5 concludes the study.

2. Conceptual Framework of the Study

2.1. The Facets of Weather Risk from Energy Sector Perspective

According to [19], weather risk “is about unpredictable component of weather fluctuations”,
manifested by “weather surprises”. However, weather is not only an environmental issue—it has a
tremendous impact on several spheres of economic activity and thus should be perceived as a key
economic factor [33,34]. The world economy is weather sensitive (according to [33] it is 20% of the
world economy and even 25% of the US economy), as many branches are directly affected by changing
weather conditions. It is related to a wide range of phenomena including changes of temperature
(temperature anomalies), windspeed, excessive rainfalls or snowfalls. Weather risk has a feature of
local geographical risk that cannot be controlled. However, according to Barrieu and Scailett [33] the
impact of weather risk is predictable—the same causes lead to the same effects. Moreover, in most
cases the impact of weather risk is significant and remains outside managerial control.

Although weather risk conditions have a tremendous impact on various branches of the economy,
energy is perceived as one of the most exposed sectors. The impact of weather-related risk events may
potentially hit the energy sector in two dimensions: (a) directly, by damaging its infrastructure or (b)
by creating shocks (frictions) to the energy supply—demand balance. Accordingly, the two areas of
energy sector vulnerability to weather-related risks are observable.

Within the first area (direct impact), Ronalds et al. [20] provide several examples of the manifestation
of weather risk in the infrastructure damage of various energy sectors. For instance, in late 2010 to
early 2011 coal mines in Queensland in Australia were severely disrupted by heavy rain and floods
due to La Nifia event. The oil and gas industries are exposed to losses due to the devastating impact of
hurricanes and storms, and in this case, hurricane Katrina in 2005 remains the costliest natural disaster
(with high losses due to oil spills in Louisiana). Heatwaves are an example of a potentially dangerous
weather-related risk for nuclear power plants, as it may cause ineffective cooling with water (when
water temperatures are too high or water flows are too low), as observed in France in 2003 [20]. In the
Polish context, a good example is the consequences of the excessive snowfalls, followed by frost wave,
that occurred at the beginning of April 2008 in Szczecin (one of the largest Polish agglomerations)
and its surroundings. These unusual (as for April) and extreme weather conditions caused a serious
blackout, due to the destroyed power transmission infrastructure [35].

A second dimension of weather risk impact on the energy sector focuses on the analysis of the
consequences of weather risk to the changes of demand and supply of energy. A broadened view on this
relationship is often addressed to the consideration of global warming and the related climate change,
as the energy sector impacts the greenhouse effect. In this context, a growing demand (consumption)
of energy is related to the growing supply of energy (and the use of fossil fuels), which in turn is
blamed for the changing weather conditions we face nowadays. This encourages discussion on the
urgent need to reduce energy demand (in the macro context), improve energy efficiency, and switch to
carbon-free technologies [20].

However, a more tangible and direct relationship between weather conditions and the energy
market is reflected by the observations of temperature changes. This relationship, by intuition, seems
obvious—temperature distributions (both regional and temporal) affect the demand on energy (and
energy consumption). In the context of consumption of electricity, the literature proves the existence
of a non-linear relationship between temperature and demand on electricity, which is reflected by a
U-shaped curve (referred to as TEC-Temperature—Electricity Curve). The shape of the curve shows
high electricity demand observed for both cold and hot weather conditions (and accordingly low and
high temperatures) [36,37]. Some studies examine the relationship between the TEC and other factors
of socio-economic development, such as the level of income, extent of electrification, energy efficiency
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improvements, or cultural habits. These factors influence the time temporal dynamic of the TEC slopes,
as well as threshold of minimum energy consumption [38]. In this context, the non-linearity of energy
demand could be explained with reference to several structural aspects of its variability: geographic
(distinction of hot and cold regions), seasonal (distinction of seasonal temperature fluctuations, in
this summer or winter fluctuations), fuel-use (electricity versus fossil fuels use), and income-related
(poor versus wealthy societies) [39]. A review of previous empirical works related to temperature as a
determinant of energy demand (both in global and regional context) is provided by Schaefer et al. [18],
with a meta-analysis of the research methodologies and variables tested in these works.

Within the relationship between the level of temperature and energy demand, the consequences
of weather risk are related to the impact of abnormal temperature levels (as the manifestation of
temperature anomalies). The analysis of the TEC is relevant for recognition of the patterns of typical
changes of energy demand, in relationship to changes in temperature. As the consumption of energy
is related to the demand on energy services, it ultimately determines the demand on fossil fuels
as well [39,40]. A seasonal pattern of energy consumption typically exhibits peaks in warmer and
cooler periods, which is related to the recognition of cooling and heating effect. The cooling effect
is related to higher energy consumption due to high temperatures in warm periods (to maintain
temperature comfort, e.g., the use of air conditioning or other cooling devices). The heating effect is
related to lower energy consumption due to the higher temperature levels in colder periods (less of
a need for heat). In this context, the approximation of the energy demand is related to the typically
observed temperature levels, as well as the above-mentioned structural factors. The underestimation or
overestimation of energy demand may in turn affect energy prices (as a consequence of the changes to
the energy supply—-demand equilibrium) [36,41]. In this context, the changing weather conditions may
severely affect the energy market equilibrium, as weather conditions remain related to the observation
of long-term changes of temperatures, as well as extreme weather events related to heat or frost waves
(in unusual seasons).

2.2. Weather Risk Management with Weather Derivatives

The above outlined exposures to weather risk in the energy sector are substantial enough for a
call for weather risk management tools. The inception of weather risk management in 1996 started in
the energy sector, and then was adopted by other sectors (retail and leisure, farming) [34].

In general, risk management is a process that begins with the identification and assessment of
risk exposures, followed by selection of the most effective risk management methods (strategies).
There is a wide body of the literature that provides a strong evidence of the beneficial impact of risk
management to the enhancement of value creation. To simplify, various empirical works proved that
risk management helps to sustain the unfavorable consequences of risk, as it helps to smooth the
volatility of cash flows in the aftermath of risk occurrence (e.g., [42—46]). The possible risk management
strategies embrace risk avoidance (do not involve in risky activities), risk reduction (methods that help
to prevent the risk occurrence or reduce its impact if already occurred), and risk financing (the methods
that allow to prepare the stream of funds that help to restore in the aftermath of risk). The selection
of the adequate strategy (or mix of these strategies) should be preceded by the identification of risk,
which means the identification of the particular threats and the measurement of their potential impact
(severity) and likelihood (chance) of occurrence [47-50].

In the context of the identification and assessment of weather risk, there are still considerable
uncertainties about the likelihood, severity, and timing of weather risk impacts on energy sector
infrastructure and performance. There is a need to adapt to climate change, to reduce climate change
vulnerabilities and avoid some future impacts [51]. Two dimensions of the interplay between changing
weather conditions and energy sector performance, a constant monitoring of global climate changes
and the related weather anomalies are relevant for proper weather risk management. Facing the
undisputable growth of average Earth temperatures [1], the energy sector needs reliable forecasts
and models. As noted by Ronalds et al. [20], a new era for energy and meteorology studies has
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emerged, and the delivery of appropriate weather and climate information (services) is growing in
importance [52]. An increasing number of relevant weather-related loss events worldwide is constantly
reported by the platform NatCatService [53]. The data indicate that since 1980 the world has faced a
significantly growing number of meteorological events (e.g., storms, 135 in 1980 and 357 in 2018) and
climatological events, such as heatwaves, extreme temperatures, droughts or forest fires (28 events in
1980, 79 events in 2017, and 57 events in 2018). The most significant growth was observed in the case of
hydrological events, such as floods or mass movements (59 in 1980 and 382 in 2018). Although the
data indicate a constant growth of the number of events, a number of catastrophic weather-related
events remain relatively stable over time.

The uncontrollable nature of weather risk, together with its potentially high impact on
companies’ performance, led to the evolution of various methods of weather risk management [44].
The diversification of weather risk exposures is achieved if a company conducts its business operations
in several geographical regions that differ in weather conditions. A company may also consider
investing in flexible generation technologies or developing the ability to store or trade energy with
long-term contracts. Another possibility is to combine financial management with weather risk
management, by holding higher levels of cash to limit earnings volatility induced by the emergence
of weather risk. This strategy is an example of typical risk retention. However, it has some relevant
drawbacks—the impact on profitability caused by inefficiency of precautionary cash holdings [44,54].
The alternative is the insurance hedging of weather risk. However, the main drawback of weather
insurance is that it is rational only for the weather risk exposures that distinguish with low frequency
and high severity, which is a feature of extreme weather conditions (such as hail, storms, or draughts).
Insurance cannot be implemented for weather exposures that distinguish with high frequency and
low severity. Thus, insurance is not suitable for the management of weather risk related to the impact
of changing weather conditions on heating and cooling demands, which is the prime weather risk
exposure in the energy sector. However, this kind of weather risk exposure could be hedged with the
application of weather derivatives.

Weather derivative is defined as a financial instrument whose pay-out is contingent on weather
conditions (meteorological events) [44,55]. More specifically, the underlying in weather derivatives
are indices related to changing weather conditions. The factor that induced the evolution of weather
derivatives was the liberalization of the energy market in the US in the mid-1990s [55]. Since then,
the energy and utility companies have actively searched for solutions that could help stabilize their
earnings. It emerged very soon that the changing weather conditions were responsible for cash
flow volatilities, which became the prime concern behind the management of financial stability of
energy companies. The unfavorable changes of cash flows were driven by the correlation between
changing weather conditions and the heating and cooling demand, which in turn impacted the prices
of energy [34,55].

Weather derivatives are based on the underlying variable, which is a defined weather index.
The most common are temperature derivatives. Other weather-dependent indices are also traded,
e.g., precipitation (rainfall and snowfall), humidity, sunshine [19,55]. The temperature derivatives
are linked to temperature indices: HDD (heating degree days) or CDD (cooling degree days) values.
The HDD and CDD express the difference between a reference level of temperature and the average
daily temperature, thus capturing the variations of temperature above and below the reference level.
A reference level of temperature is assumed at 65 °F in the US and 18 °C elsewhere, which is the level
of indoor temperature presumed to be comfortable by the utility industry. Accordingly, higher HDD is
a consequence of colder temperatures and signalizes higher demand for heating:

HDD = max (65 °F-T, 0), 1)

HDD = max (18 °C-T, 0), @)
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where T means the average daily temperature. Higher CDD is a consequence of warmer temperatures
and the higher demand for cooling:

CDD = max (0, T-65 °F), (3)

CDD = max (0, T-18 °C), 4)

The average daily temperature (T) is measured as the arithmetic average of the daily maximum
and minimum temperatures [44,55].

The weather index (HDD or CDD) is one of the basic elements of weather derivatives. However,
there are several other relevant elements:

1.  the accumulation period or the period of time over which the index accumulates; usually it is a
month or a season;

2. thelocation of the weather station that reports daily temperatures for a particular region; typically,
the station is located in a major city;

3.  socalled “tick size,” which is the dollar amount attached to each HDD or CDD; this is the amount
to be paid per unit of the CDD or HDD.

The weather indices may not perfectly track the weather exposure (the basis risk), which is relevant
from weather risk management point of view. The basis risk is the risk that the weather derivative
payoffs (as a hedging instrument) do not correspond to shortfalls in the underlying exposure. The basis
risk could be local (shortfalls in the same location), geographical (local area monitoring is costly and
thus a derivative refers to another location) or product (difference in the effectiveness of alternative
hedging instruments).

The first weather derivative transaction took place in 1997 in the US and the rapid evolution
of the weather derivatives market was induced by the growing implementation of this instrument
in weather risk hedging in the energy sector [33,56,57]. Weather derivatives transactions frequently
remain tailor-made, as a part of the OTC (over the counter) market, as they adjust the contract to
the needs of their users. However, successful organized markets exist. In the US, the CME (Chicago
Mercantile Exchange) has quoted weather derivatives since 1999. In Europe, the LIFFE (London
International Financial Futures and Options Exchange, now part of Euronext) initiated the trade of
weather derivatives in 2000, for mean monthly temperatures in Berlin, Paris, and London. The weather
derivatives market was growing rapidly until Enron collapsed in 2002, which led to a loss of confidence
in derivative transactions. The market recovered after a few years, with growing transaction volumes
(see more in [31,33,57]).

Currently, various types of weather derivative instruments are available: forwards and futures,
swaps, options and exotics [58,59]. However, the problem of quality, availability, and cost of weather
data varies across countries, which is relevant from a basis risk point of view. In general, the basis
risk is lower in OTC weather derivatives, in comparison to the exchange traded. In this context, the
accessibility of reliable historical meteorological data for a given region remains one of most relevant
barriers of a broader use of weather derivatives [31,56-58,60,61].

3. Research Design and Method

In a methodical context, this study derives from works that examine companies’ risk disclosures
in annual reports, which are a part of a company’s risk communication system. The informativeness
of companies” disclosures (in this, risk disclosures) is regarded to mirror most relevant issues of
the company’s performance. In other words, it is assumed that if a company reports (discloses)
the information on a given aspect of its performance it is a relevant piece of information from the
stakeholders” perspective [62,63]. In this context, this study focuses on companies” disclosures on
weather-related risk. Accordingly, it is assumed that if a given company reports its weather-related
exposures, these exposures are important for the company’s performance. This assumption is justified
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provided that in the past companies operating in energy sector reported that weather-related events or
phenomena were responsible for the volatility of their cash flows and the related change of financial
position. For instance, Perez-Gonzalez and Yun [44] refer to several case studies in this respect.

The majority of studies of companies’ disclosures in annual reports (in this, risk disclosures) rely
on textual content analysis as a prime research method. Content analysis is a method of classification
of text units (pieces of information) into predefined categories. As a result, content analysis transforms
the qualitative textual communicates into a set of variables that distinguish with a higher degree of
comparability. The method has a defined rigor of data collection and criteria of the classification
of the textual information, to obtain an unbiased dataset [32,64,65]. Content analysis underlies
numerous studies that examine textual information on companies’ risk exposures and risk management
procedures, as disclosed in annual reports [66-70].

Motivated by the previous works in this stream of the literature, the research procedure in this
paper was designed to extract the weather-risk related information which was disclosed in companies’
annual reports. The adopted framework of the research procedure is presented in Figure 1. A detailed
explanation of the assumptions underlying the consecutive steps in this procedure is addressed further.

SAMPLE [::> DOCUMENTS |:> RULES

companies’ annual reports, in

particular:

(1) Financial statement —
discussion of risks

(2) MD&A (Management
Discussion and Analysis)

(1) extraction of weather
risk related sentences

(2) problem
classification with
reference to

companies that operate
in Polish energy sector
and are listed on Warsaw
Stock Exchange

research questions

Figure 1. The framework of research procedure in textual content analysis.

The research sample includes Polish companies that operate in the Polish energy sector and are
listed on the Warsaw Stock Exchange (WSE) (Warsaw, Poland). At the end of October 2019, there were
12 companies that were listed on the WSE as operating in the energy sector. However, 3 out of these 12
companies were excluded from the sample, as a majority of their performance (production, distribution,
and/or trading in energy sector) is located outside the territory of Poland. The 9 companies subject to a
detailed analysis are listed in Table 1, together with the specification of the main fields of their activity.

Companies listed on the WSE are obliged to regularly report their activity, and to timely publish
their annual reports. The full body of a company’s annual report is an extensive document which
discusses numerous issues relevant primarily from the accounting system point of view. However,
companies in Poland disclose risk-related information in three elements of their annual reports:

1. financial statement: companies explain the risk related to their performance, which is mandatory
with reference to several risk categories;

2.  MD&A (management discussion and analysis): according to the corporate governance code of
companies listed on the Warsaw Stock Exchange [71], public companies are requested to disclose
their risk management systems (in this, the identified risk exposures and the risk mitigation
actions taken against these risks);

3.  thestatement on non-financial performance: in Poland the statement of non-financial performance
is a mandatory element of annual reports for the largest companies since 2017; the statement
discusses (among other issues) the risk-management related disclosures.
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Table 1. Companies included in the research sample.

Company Full Name of the Company Main Business Activity
BDZ ZESPOE ELEKTROCIEPEOWNI  generation of electricity and heat; heat distribution (water
BEDZIN S.A. steam and hot water)

trading electricity and fuel gas on retail and wholesale
market; generation and distribution of electricity (from

ENA ENEA 5.A. bituminous coal, biomass, gas, wind, water and biogas);
bituminous coal mining
ENG ENERGA S A generation, transmission and sale of electricity and heat;
o sale of gas
PGE POLSKA GRUPA conventional power generation, distribution, retail and

PGE ENERGETYCZNA S.A. wholesale of energy (comblr.les own fjuel (.hgrute) resources,
power generation, and final distribution networks)

generation of power from conventional and renewable
sources, as well as electricity trading and distribution
PEP POLENERGIA S.A. (offshore wind farms, biomass power plant under
development);
the first private energy company in Poland

generation, distribution and supply of electricity and heat;

TPE TAURON POSL ZKA ENERGIA hard coal mining; one of the largest distributors of
o electricity in Poland
ZESPOL ELEKTROCIEPEOWNI generation of heat and electrical power and the
KGN WROCLAWSKICH transmission and distribution of heat (for Wroclaw
KOGENERACJA S.A. and surroundings)
ZESPOE ELEKTROWNI -
ZEP PATNOW-ADAMOW-KONIN producer of electricity
SA generated from brown coal

the design, engineering, and production of
MLS ML SYSTEM S.A. building-integrated photovoltaic (BIPV) cell systems
which generate electrical power from sunlight

Source: Own study.

In this study, two elements of companies’ annual reports were taken into consideration as a subject
of content analysis: financial statements and MD&A. More precisely, the documents for 2017 and 2018
were subject of examinations, which resulted in an analysis of over 3600 pages of textual information
(see Appendix A). It should be noted that several companies issue their annual reports in parts (annual
financial statement and MD&A as separate documents/files), whereas others prefer an integrated form
of their annual report (all elements of annual report in one document/file).

Due to the extensive size of the documents subject to the study, clarification of the rules of
the analysis of textual information is very important. The first of the adopted rules is related to
the system of scanning the textual information in order to detect and extract weather risk related
sentences. The extraction of sentences (not single words) was motivated by several risk disclosure
studies [64,72,73], where the sentences were regarded as providing more meaningful data.

In order to identify the sentences relevant for this study (containing information on the faced or
expected weather risk exposures), the text of the documents was searched with the implementation of
a set of keywords that embraced the words related to weather risk phenomena. The list of keywords
included the following words: risk, weather, temperature, heat, cold, draught, frost, flood, wind,
sun, rain, hurricane, winter, summer, spring, autumn, Celsius, and degrees, as well as the words that
connote with the negative consequences of risk, such as loss, damage, or threat.

In the last step of the research procedure, the obtained information is subject to clustering, in order
to provide some details within the insight into the impact of weather risk on the economic activity of
companies operating in the Polish energy sector (consistently with the main purpose of this study).
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More specifically, this overall goal of the study was decomposed into four detailed research questions
to allow better organization and interpretation of the collected textual data. RQ1 and RQ2 address the
perception of weather risk, to verify the identification of the relevance of weather risk exposure and the
companies’ attempts to communicate these impacts in cost-revenues dimension. RQ3 and RQ4 address
risk management practices, by verifying disclosures on methods/measures used to hedge/manage
weather risk, in these weather derivatives. The textual information obtained from companies’ reports
was coded and the coding rules are explained in detail in Table 2. As a result, each company was
evaluated in a weather-related context in focus, with a unified scoring system.

Table 2. Coding rules of textual information related to weather risk in companies.

Research Question Coding Rules
0-not reported
RQ1. Does the company identify its relevant weather 1-yes, identified with reference to distribution
risk exposures? 2-yes, identified with reference to other business

processes as well

0-not addressed

RQ2. Does the company evaluate the impact of 1-yes, evaluated in general way
weather risk in the cost-revenues dimension? 2-yes, evaluated in detailed way (numerical
assessment is provided)
RQ3. Does the company disclose the information on 0-not reported
methods/measures used to hedge/manage 1-yes, in general way
weather risk? 2-yes, more detailed actions described

0-not reported
1-yes, company reports the use of derivatives other
than weather derivatives
2-yes, company repots the use of weather derivatives

RQ4. Does the company report on the use of
derivatives and hedging weather exposures with
derivatives?

Source: Own study.

In the adopted coding system, the scores reflect the maturity of weather risk management, ranging
between 0 if the issue is not reported and 2 in the case of a greater scale in the advancement of weather
risk perception or mitigation. For instance, in RQ1 the score 1 was granted if a company identified
weather-related exposures only with reference to the distribution of energy. The interplay between
the energy supply and demand, in terms of changing temperatures is a known phenomenon in the
energy sector. In this respect, the identification and explanation of weather-related risk exposures with
reference to other areas of business activities should be regarded as more advanced and sophisticated
(and were given score 2). With reference to RQ2 and RQ3 the distinction between score 1 and 2 was
related to the degree of detail in explanations (score 1 if general, score 2 if more detailed, with some
computations or examples of particular actions). The scoring system in RQ4 took into account the
fact that the access to weather derivatives market is limited. However, the fact that a company is
currently active on a derivative market (of any kind) was treated as a symptom of being prepared for
derivative trading, and in this, understanding the rules of this trading, the related risk, and the pricing
of derivatives.

The adopted coding system computes the overall score for each company, hereafter referred to
as the AWRM (average weather risk management) score. The AWRM score ranges between 0 and
8, and gives the opportunity to compare weather risk perception between the analyzed companies,
as reported in their annual reports. In general, the higher the AWRM score, the better identification
and management of weather-related risk exposures in a company. In this respect, the AWRM score
could be used as a variable in the analysis of whether there is any performance-related pattern (e.g.,
well-established companies distinguish with higher AWRM score).
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4. Results and Discussion

4.1. Analytical Background: Financial Position of Sampled Companies as Energy Market Players

In the Polish energy sector, the real shift from a command to market economy took place in 1997,
launched by the new law regulations (Energy Law Act) and the establishment of the Energy Regulatory
Office (ERO). The ERO is responsible for determining the prices of energy transfer and the property
rights from the certificates of origin for electricity and CO, emission allowances. In 2004, after the
Polish accession to the European Union, further law amendments were implemented in the process of
adjustment to EU directives. One of the most relevant changes was implemented in 2007—the retail
customers were given the freedom to choose the energy supplier.

Currently, there are four companies that are the biggest energy market players and their operating
activity is concentrated in various parts of Poland: PGE (for full names of companies see Table 1)
operates mainly in eastern regions; TPE operates in the south and south-western parts of Poland;
ENA activity is concentrated in western Poland; and ENG mainly operates in the north and central
regions of Poland. All these four companies perform as capital groups and are listed on the Warsaw
Stock Exchange; thus, they are included in the research sample in this study. The leading position
of these four big market players is also confirmed by their financial position with respect to sales
revenues (Figure 2), volume of assets (Figure 3), and equity (Figure 4), with PGE in the leading position.
The remaining five companies included in the sample operate on a visibly lower scale. However,
it should be noted that their performance is of a local dimension (e.g., BEZ or KGN) or unique in
some aspects (e.g., ownership, PEP; sources of energy, ZEP; subject of business operations, MLS), as
presented in Table 1. In the Polish energy sector there are numerous other market players whose
primary activity is related with trading and the distribution of energy. Their overall market share is
roughly 10% (in terms of sales revenues). However, these companies are not included in the sample, as
they are not listed in the Warsaw Stock Exchange.

It is worth mentioning that in terms of profitability and the related indicators (ROS-Return on
Sales, ROA-Return on Assets and ROE-Return on Equity) the differences between the companies
included in the sample are blurred (see Figure 5 and Table 3). MLS returns were the most significant,
which is probably related to the expansion of this company, as it was listed on the WSE since 2018, but
the biggest market players do not lead. Moreover, in 2015 three out of the four biggest market players
(PGE, TPE, and ENA) were unprofitable. The exceptional situation of ZEP is also identifiable, with
losses both in 2015 and 2018. However, this situation is explained by the company’s management as a
result of incidental situations that led to an increase in operating costs.
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Figure 2. Sampled companies according to sales revenues (in mln of PLN).
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Table 3. Profitability ratios of the examined companies.

ROE ROA ROS
Company

2015 2016 2017 2018 2015 2016 2017 2018 2015 2016 2017 2018
PGE -7.1 6.3 5.4 3.3 -4.5 4.2 3.6 20 -106 9.1 11.3 5.8
TPE -11.2 22 49 -112 -56 1.1 2.8 -58 99 2.1 11.0 -19.8
ENA -3.3 6.5 8.3 4.8 -17 3.5 41 2.4 -4.1 7.5 10.2 57
ENG 4.6 0.8 3.7 3.4 9.5 17 8.3 7.2 7.8 14 7.5 7.2
PEP 4.8 -88 74 0.3 2.1 -38 33 0.1 2.4 =37 =32 0.1
ZEP -484 12.0 83 275 -378 52 41 -120 -638 93 75 =201
KGN 8.9 10.3 8.8 0.8 5.7 6.7 5.7 0.5 13.0 14.7 13.0 12
BDZ 10.6 12.5 8.5 1.6 2.0 2.7 22 0.4 8.8 10.2 7.0 1.4
MLS 62.3 8.6 17.1 7.6 17.2 2.3 4.5 3.2 27.4 6.1 11.2 4.6

Source: Own study.

4.2. Textual Content Analysis: The Findings

In the process of textual content analysis, a large stock of data was collected. The summary of
the relevant information is presented in Appendix A. However, the system of data coding adopted in
this study (and discussed in Table 2) synthetizes and summarizes the results for discussion in a single
cross-table. Table 4 shows the scores admitted to each company in each criterion of evaluation (the
research questions RQ1, RQ2, RQ3, and RQ4) as well as their summarized values (the AWRM score).
Table 4 also indicates the score obtained on average by all companies in the given criteria of evaluation
(as the arithmetic mean value). The visualization of the summarized results of textual content analysis
is presented in Figure 6.

Table 4. Synthesis of the results of textual content analysis. AWRM, average weather risk management score.

Company RQ1 RQ2 RQ3 RQ4 AWRM
PGE 2 2 1 1 6
TPE 2 2 2 1 7
ENA 2 1 1 1 5
ENG 1 1 1 1 4
PEP 2 2 2 1 7
ZEP 2 1 1 1 5
KGN 2 2 2 1 7
BDZ 0 0 0 0 0
MLS 1 1 1 1 4
Mean 1.56 1.33 1.22 0.89 5.00
2 8
7
6
I g
: o o 5§
a
g’ * g
3 3
2
1
0 o 0
PGE TPE ENA ENG PEP ZEP KGN BDZ MLS

ERQ1 ®WRQ2 ®mRQ3 mRQ4 ®AWRM

Figure 6. The visualization of the results of textual content analysis.
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The results in Table 4 and Figure 6 indicate that the majority of researched companies recognize
their weather-related risk exposures on a more mature (advanced) level. In the analyzed annual reports’
disclosures, these companies provided information on both the impact of temperature fluctuations on
energy consumption, as well as the impact of weather conditions on other aspects of their business
performance. For instance, companies reported on (see Table A2 in Appendix A):

e hydrological events (draught) that threatened hydroelectric power plants (e.g., PGE and ENA);

e low levels of rivers or ice on rivers that could impact supplies (as the river is relevant route of
goods shipment, e.g., ZEP);

e the chain of dependences, impact of weather risk on the farming industry which is a main supplier
of biomass (e.g., PEP);

e dependence on wind speed conditions and seasonal changes (e.g., ZEP, PEP, and PGE).

Interestingly, in the case of MLS, the weather-related factors were mentioned in a positive
context, as the opportunity for international expansion. It is worth mentioning that the companies
often highlighted the identified weather risk exposures as the key risks of their performance or the
risks relevant from a strategic point of view (also in the forward-looking aspects). Only one out of
the nine examined companies did not report on the weather-related events as influential on their
performance (BDZ).

In the second aspect of textual analysis (RQ2: evaluation of weather-related exposures in
cost-revenues dimension), four out of nine companies were given the highest score. A detailed
numerical analysis was provided by PGE, TPE, PEP, and KGN, with reference to the change of defined
financial parameters (e.g., returns, revenues, costs, or operating profit, EBITDA (Earnings Before
Interest) and Taxes most commonly). The remaining four companies (ENA, ENG, ZEP, and MLS)
addressed the impact of weather-related risks on their performance, but in a general way, usually by
stating that it is relevant or may reduce revenues/increase costs. Again, only one company (BDZ) did
not report on the weather impact (which is obvious given the lack of reported weather risk exposures).

The companies were similarly diversified within the third problem in focus (RQ3): the implantation
of methods that support the management of weather-related risk exposures. A more detailed
explanation was provided in reports by TPE, PEP, and KGN, such as e.g., diversification of supplies,
more advanced modeling methods, monitoring, and investment in new technologies. The remaining
five companies (PGE, ENA, ENG, ZEP and MLS) reported weather risk management in a general way, by
referring to the adoption of risk management processes or controlling mechanisms. One company (BDZ)
did not report weather risk management, which is a consequence of not reporting the weather-related
risks as relevant.

Analysis final problem in focus (RQ4): the implementation of weather derivatives, has led
to the observation that the examined companies did not report on the use or even the interest in
such instruments. These findings are consistent with previous observations by Birtkowski [30] and
Pres$ [31] and the fact that the accessibility of the weather derivatives market for Polish energy market
players (even the biggest players) is somehow limited (as these instruments are traded primarily
on CME). However, eight out of nine examined companies used other types of derivatives in their
risk-hedging strategies. This means that these companies are familiar with the types of derivatives and
the functioning (e.g., pricing) of these instruments. Thus, it could be stated that these companies are
prepared for weather derivatives trading if the opportunity arises.

To compare the weather risk perception between the examined companies, as reported in their
annual reports, the total score (AWRM) was computed. In general, the higher the AWRM score, the
better overall perception and management of weather-related risk exposures in a given company.
The total score (AWRM) obtained by the analyzed companies ranged technically between 4 for MLS
and ENG, thorough 5 for ENA and ZEP, 6 for PGE and 7 for TPE, PEP, and KGN (if we exclude the
outlier score for BDZ). Due to the small size of the sample, the correlation analysis with the scale of
companies’ performance or profitability and returns is not statistically sound. However, data presented



Energies 2020, 13, 945 15 of 21

in Figure 7 indicate that there is no pattern between performance and AWRM score. The performance
of a given company was captured by the average sales revenues for the period 2015-2018. The highest
AWRM scores (6 and 7) were obtained by both market leaders (PGE and TPE), as well as by smaller
companies (PEP and KGN).
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Figure 7. The relationship between companies’ performance (measured by average sales revenues in
the period 2015-2018) and AWRM score.

5. Conclusions

In the era of climate change, the frequency and severity of weather anomalies grow visibly.
The problem of changing weather conditions is studied in the literature from a variety of angles, with
reference to socio-economic impacts and long-term and short-term disastrous consequences of global
warming. In the context of economic activity, literature provides strong evidence on the impact of
weather on various branches of the economy. In this regard, the energy sector remains one of the most
exposed sectors to the consequences of changing weather conditions and related weather risks.

The manifestation of weather risk could be the damage of infrastructure, which is often a result of
“weather surprises”, events of low frequency, but potentially high consequences. This type of weather
risk exposure could be hedged with weather insurance. However, the energy sector is also exposed
to the volatility of the supply and demand of energy, as a result of the changing weather conditions
related to temperature distributions. In this context, weather impacts the price of energy and leads to
volatility of cash flows in energy companies, which is potentially dangerous for maintaining financial
stability. This kind of weather risk exposure is of high frequency and low severity and could be hedged
with weather derivatives. Since new millennium, the global weather derivatives market has grown in
importance, with energy companies as the main market players.

This study was designed to verify whether the companies operating in the Polish energy sector
perceive and manage their weather risks. The examinations were based on the application of
textual content analysis method and relied on hand-collected data from companies” annual reports.
Textual content analysis is a useful tool for examining qualitative textual data on a comparative level.
The application of textual content analysis in this study has shed some light on aspects that are difficult
to examine in a quantitative dimension. In other words, the qualitative approach adopted in this
study enables a focus on the information (communicates) disclosed by the examined companies, in the
written form. Through the interpretation of these pieces of information (structured with the rigor of
the content analysis method) the new body of knowledge was obtained. This research approach can
be replicated on other samples of energy companies. Moreover, further enquiries in this respect may
expand the number of underlying research questions (with clearly defined coding rules), to address
possible problems that are regarded as relevant.
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However, the textual-based examinations have several limitations. Frist, there is a risk of subjective
bias, as the translation of textual information to scoring system depends on the researchers’ subjective
judgements. To avoid this bias, the coding procedure implemented in this study was designed to meet
the requirement of reliability and validity of data collection in manual content analysis, as requested
by Weber [74] and Krippendorff [32] (the originators of this method). A second limitation is cognition
limited only to learning from what a company is willing to report. Thus, a researcher should be aware
that the real practices may be more advanced than what was reported. In addition, this particular
study has some limitations due to the sample size: there were only nine energy companies listed on
the Warsaw Stock Exchange and operating in Poland that could be the subjects of this study (with
respect to the requirement on the availability of reliable data). Nevertheless, the obtained results led to
some interesting findings.

In the weather risk perception context, we found that the majority of examined companies
addressed their relevant weather risk exposures, and weather risk was often reported as one of the
key or strategic risks in a forward-looking context. It should be noted that all examined companies
(with one exception) reported on the relationship between the prices of energy and temperatures, and
some of these companies referred to this problem in detail (by giving examples of difficult seasons).
The examined companies also reported on the potential impact of weather risk on their financial
position, by addressing profitability indices. Several companies provided detailed computations in
this respect.

In the weather-risk mitigation context, we found that the examined companies relied on the
implementation of various weather risk management methods. However, companies did not report
on the implementation of weather derivatives. In this respect, the findings are consistent with
the conclusions from Binkowski [30] and Pres$ [31] who examined the implementation of weather
derivatives in Poland in the past.

The latter conclusion opens the prospects for further research endeavors, as it raises several further
questions: Why do energy companies in Poland not implement weather derivatives? In particular, is it
related to the accessibility of these instruments? Or maybe this is a deliberate and conscious decision?
Maybe the correlation of temperatures and changing prices of energy results in cash flow volatilities
that are fully retainable? Finally, are these observations consistent with the situation in other emerging
European countries? In order to answer these questions, however, a wider examination needs to be
conducted, with the application of methods that go beyond the information disclosed in annual reports.
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Appendix A
Table A1l. Documents subject to textual content analysis (sources of data).
Company Documents ! No. of Pages Size of File in KB

BDZ Consolidated financial statement 2017 116 7524
Consolidated financial statement 2018 119 8443

ENA Consolidated financial statement 2017 121 2397
Consolidated financial statement 2018 147 3768

Management Discussion and Analysis 2017 150 13,193

Management Discussion and Analysis 2018 184 5968

ENG Consolidated financial statement 2017 70 1943
Consolidated financial statement 2018 77 1952

Management Discussion and Analysis 2017 141 6348

Management Discussion and Analysis 2018 131 4270
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Table Al. Cont.

Company Documents ! No. of Pages Size of File in KB
PGE Consolidated financial statement 2017 91 2483
Consolidated financial statement 2018 95 3006
Management Discussion and Analysis 2017 141 4943
Management Discussion and Analysis 2018 132 5279
PEP Consolidated financial statement 2017 85 2088
Consolidated financial statement 2018 98 2520
Management Discussion and Analysis 2017 50 1239
Management Discussion and Analysis 2018 53 1597
TPE Consolidated annual report 2017 316 7856
Consolidated annual report 2018 367 11,782
KGN Consolidated financial statement 2017 96 1246
Consolidated financial statement 2018 100 1638
Management Discussion and Analysis 2017 82 1854
Management Discussion and Analysis 2018 87 2144
ZEP Consolidated annual report 2017 202 5601
Consolidated financial statement 2018 127 3547
Management Discussion and Analysis 2018 67 2372
MLS 2 Consolidated financial statement 2018 83 1287
Management Discussion and Analysis 2018 73 7089

! The documents were obtained from the official websites of the examined companies; 2 The MLS company is listed
on WSE since 2018.

Table A2. Summary of textual data for RQ1: Does the company identify its relevant weather

risk exposures?

Company

Summary of Information Disclosed in Analyzed Documents

PGE .

Weather risk among strategic exposures, valued as of moderate impact

“Extreme weather conditions that could affect production and distribution of electric energy and heat”

Reported events that impacted the distribution and costs (lower temperatures in 2018 that affected sale of heat;
lower wind speed that affected production of energy in windfarms, May-December 2018; hydrological draught that
lowered production in hydroelectric power plant)

TPE

Changing weather conditions among main factors that impact a company’s future prospects (as influential on
energy demand)
Weather risk on the list of key risks (impact on technological and trading aspects of company’s performance)

ENA .

Weather risk identified as one of the key risks: impact of temperature changes on the river Vistula (low level of
water due to heat, to warm water due to heat, risk of ice due to extreme freeze)

Impact of weather risk on distribution: extensive explanation of the impact of weather risk (scale and frequency)
Impact of weather risk on transmission property (2017: intensive rainfalls and wind due to Gregory and Xavier
windstorms, resulted in blackouts)

ENG

Hydrogeological conditions, wind speed and changes of the temperature, discussed primarily in the context of
distribution (consumption-production)

PEP

Chain of interdependencies: production of biomass relies on the availability of inventory, which is in turn
dependent on the farming industry; company reported that the farming industry is directly exposed to weather
risks, unfavorable weather conditions influence the farming industry, as a deliverer

Windfarms: dependence on quality of wind speed modeling (correct/accurate models); the difficulties arise due to
exposure to seasonal changes of wind speed (autumn/winter stronger, summer/springtime weaker)

ZEP

Weather-related risks among a company’s key risks and discussed within the factors that affected the performance
in 2017 and 2018 (backward looking approach)

Identified the risk of seasonal changes of temperatures (in particular the impact of heat in summer that affects the
demand on energy) and wind speed (relevant for windfarms)

Identified lack of correlation between higher energy demand (due to changing seasonal temperature fluctuations)
and windspeed conditions (higher demand for energy in the periods of lower windspeed)

KGN L

Weather-related risk (changing temperatures and seasonal fluctuations of temperatures) identified as one of the key
risks (impact on household segment)

Warm winters (temperatures higher than on average) as a factor that leads to reduced sales;

Risk of a company’s dependence on supplies by River Odra (as transportation channel): it identifies risk of a frozen
river in wintertime and high level of water in springtime

ECB

Not reported

MLS

Company reports on the impact of sunshine, not as a threat, but as an opportunity (factor that is relevant for higher
demand on the company’s products)
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Table A3. Summary of textual data for RQ2: Does the company evaluate the impact of weather risk in

cost-revenues dimension?

Company Summary of Information Disclosed in Analyzed Documents
e Reported impact of weather risk (in particular in the sector of renewable energy) on EBITDA (earnings before
PGE interest, taxes, depreciation, and appreciation);
e  Detailed computations of the impact in cost/revenues dimension (in +/-)
e  Notion on the seasonal demand on energy and its dependence on weather conditions (with reference to revenues)
TPE e  Explanation on the impact of changing weather conditions on earnings in 2017 (analysis of fluctuation of energy
prices in the EU context; long-lasting heat induced demand on energy; hydrological difficulties in some of EU
countries (draught) induced the increase of energy prices)
ENA e Reported generally (by stating: it ‘could decrease EBITDA")
e Reported generally: weather risk related to hydrometeorological and windspeed conditions reported among key
ENG concerns that may affect the company performance (in this financial performance); this issue addressed both in 2017
and 2018 (in forward looking context)
e Reported impact of weather risk on financial results and future performance
PEP e Analyzed impact on EBITDA (earnings before interest, taxes, depreciation, and appreciation);
e  Detailed computations of the impact in cost-revenues dimension (in +/-)
e The impact of changing prices of energy due to changing weather conditions
ZEP e  Reported generally, with reference to future revenues (both backward and forward looking perspective)
e Analysis in the global context of the impact of weather conditions in Europe on the prices of energy and allowances
of CO, emissions (the company identified incidents that caused an increase in the price of emissions)
KGN e  Report on loss of profits and higher costs due to weather risk
e Impact of higher average temperatures on sales revenues analyzed in greater detail (in +/-)
ECB Not reported
MLS e Reported generally: favorable weather conditions (sunny climate) as a reason for geographical expansion (risk as

opportunity, prospects for growth)

Table A4. Summary of textual data for RQ3: Does the company disclose the information on

methods/measures used to hedge/manage weather risk?

Company Summary of Information Disclosed in Analyzed Documents
PGE e Reported generally: several risk management actions to prevent material damage due to weather risk
Several detailed actions reported:
e  e.g., monitoring of windspeed and frosting of windmills
TPE e New investments in technologies that may potentially reduce the impact of weather conditions on production
of energy
ENA e Reported generally: monitoring, overall reference to risk management policies implemented in the company
ENG e Reported generally: monitoring, overall reference to risk management policies implemented in the company
Several detailed actions described:
e Diversification of biomass deliveries (sources of supply)
PEP e Continuous evaluation/assessment of supply (internally organized, dedicated research program)
e  Implementation of better windspeed modeling methods
e Analysis of possible locations of new investment in windfarms (to identify locations with highest windspeed)
ZEP e  Reported generally: reference to overall risk management policies implemented in the company
Several detailed actions described:
KGN e  Inventory management (extra stock to safeguard shortages of sources for energy production)
e Arrangement of alternative ways of transporting these goods
ECB Not reported
e Reported in general way, indirectly: company mentioned the expansion on Australian market (due to sunny
MLS - ST A . .
climate), which indicates diversification of revenues by geographical location
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