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Abstract
This study analyzes the interaction effects of corporate hedging activities of electric utility 
firms facing a manifold risk exposure consisting of several market price risks. We employ 
16 recent introductions of markets for trading electricity derivatives as a quasi-natural 
experiment. The results show that electric utilities generally favor domestic markets for 
trading electricity derivatives, which might be reduced to their usual high market power 
and the related good predictability of electricity prices. As a consequence, electricity out-
put hedging eliminates a major part of overall market risk. Further, we identify several 
spillover effects of electricity output hedging: The sensitivities to input commodity prices 
decrease, while the sensitivities to foreign exchange rates and interest rates increase. Fur-
thermore, electricity output hedging increases debt capacities and the availability of inter-
nal funds. These results are relevant for electric utility firms, market operators, and policy 
makers, since the selective presence of derivatives markets might let financing policies 
globally diverge.

Keywords Corporate hedging · Difference-in-differences, market access · Market 
introduction · Utility industry

JEL Classification G32 · G38 · L94

1 Introduction

Although prominent corporate hedging theories state that hedging can be value-enhancing 
under certain conditions (Bessembinder 1991; Froot et al. 1993; Massa and Zhang 2018; 
Smith and Stulz 1985), academic literature on the determinants of corporate hedging in 
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general suffers from its inconclusive results and a lack of comparability among the dif-
ferent studies (Aretz and Bartram 2010; Arnold et  al. 2014; Brunzell et  al. 2011; Búa 
et al. 2013; Carter et al. 2017; Geyer-Klingeberg et al. 2018, 2019). Especially, literature 
is largely silent on the determining consequences and interactions of corporate hedging 
activities in the presence of a multi-risk exposure, which raises the questions how hedg-
ing of one specific market risk factor affects other corporate hedging and financing deci-
sions. This study addresses these questions by analyzing corporate hedging activities in the 
electric utility industry, which is rarely examined in existing literature so far (see Krajcar 
et al. 2008; Lievenbrück and Schmid 2014). Electric utility firms have to make large invest-
ments, trade on international markets, and rely on commodity prices, which expose them to 
a multi-risk exposure consisting of interest rate (IR) risk, foreign exchange rate (FX) risk, 
and several commodity price (CO) risks on the supply and demand side (Batra et al. 1982; 
Deng and Oren 2006; Lievenbrück and Schmid 2014).1

Recent introductions of electricity derivatives markets create a unique setting for the 
analysis of corporate hedging activities in the electric utility industry. The aim of this study 
is to incorporate these financial innovations as a new measure of electricity output hedging 
activity following the idea of Pérez-González and Yun (2013). In contrast to prior research 
focusing on endogenous variation in hedging behavior (i.e., hedging activities driven by 
internal corporate decisions), this approach uses a quasi-exogenous change in the varia-
bility of electricity derivatives (i.e., the change in hedging activity is primarily driven by 
external parameters). This procedure enhances the reliability of our analysis, since it con-
tributes to the prevention of endogeneity as an econometric issue, which stems from cor-
relation between the independent variables and the residuals of a regression model. In our 
case, this correlation might especially be induced by reverse causality between hedging 
activity and other firm characteristics included in the regression models. In this way, the 
aim of this study is to analyze the interactions of output hedging with a firm’s other hedg-
ing activities as well as the consequences of output hedging on the sensitivities of firm 
values to several other risk factors. Moreover, we analyze the consequences of output hedg-
ing on a firm’s financing and investment decisions as well as on its firm value. The applied 
difference-in-differences (DD) estimation is based on data from a sample of 159 electric 
utility firms that are engaged in electricity generation located in 40 different countries over 
the years 2005–2015.

Through this procedure, we provide two major contributions. Our first contribution is 
the analysis of hedging practices of electricity industries exposed to several types of risks 
on the input and output side, including of course commodity risks. Prior research either 
focuses on ‘input industries’, such as the airline industry (among others, Carter et al. 2006; 
Treanor et al. 2014) or ‘output industries’, such as the gold mining industry (among others, 
Adam 2002; Adam et al. 2015; Tufano 1996) or the oil and gas industry (among others, 
Bakke et al. 2016; Dionne et al. 2018; Haushalter 2000; Hong et al. 2020; Jin and Jorion 
2006; Kumar and Rabinovitch 2013). As de Angelis and Ravid (2017) posit, ‘however, 
very little work, if any, focuses on the distinction between hedging inputs and hedging out-
puts […]’. In this regard, our sample of electric utilities allow the explicit distinction and 
simultaneous examination of hedging practices for various risks on both the input and the 
output side.

1 On the supply (output) side, electricity is a commodity that inherits special characteristics, such as non-
storability, homogeneity, transportation restrictions, and concomitant high price volatility as well as a larger 
kurtosis (among others, Aïd 2015; Deng and Oren 2006).
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Prior literature is largely silent on hedging activities in a multi-risk exposure environment, 
although the single hedging strategies might have positive or negative interaction effects on 
each other, since, for example, spot and future returns are related between input and output 
commodities (Casassus et al. 2012). Indeed, electric utilities are exposed to several risks on 
the input and output side. Primary energy sources have to be bought to run power plants and 
generate electricity. In more regulated markets with monopolistic structures, fluctuating prices 
for primary energy sources could be passed on to the customer (natural hedge) or firms are 
ensured against price risks by long-term contracts and vertical integration. Since the liber-
alization of many electricity markets, rules of the game changed. First, organized markets are 
introduced to sell the produced electricity and, later, to hedge against price risks via finan-
cial derivatives. Hence, hedging against the high price volatility of electricity, which repre-
sents the major price risk on the output side (Mayer and Trück 2018), is easier and feasible 
for all market participants now. The importance of ensuring against electricity price risk is 
shown by a recent statement of the European Energy Exchange (EEX) saying that the volume 
of traded electricity derivatives has been grown from 85,7 TWh in December 2009 to a total 
of 360.3 TWh in December 2019, with futures being the dominating instrument (Hedgeweek 
2020). Options and other over-the-counter contracts are rather the exception, see for example 
in Europe where EEX meanwhile proposes futures for 20 countries and options only for 5 
countries. The availability of appropriate electricity derivatives replace prior hedging policies, 
such as proxy hedging (e.g., via an instrument whose underlying is highly-correlated to the 
electricity price) or cross hedging of electricity price risk (e.g., via a combination of a foreign 
electricity derivative and an appropriate currency derivative). In addition to commodity risks, 
electric utilities deal with many other financial risks like, for example, foreign exchange risk 
(due to their activities involving global commodities and their oftentimes multinational trading 
activities) and, thus, we are able to quantify how output hedging may modify hedging prac-
tices of those other risks. This is, to the best of our knowledge, the first empirical study analyz-
ing electricity hedging practices.

Our second contribution is the analysis on how hedging practices are modified when 
straight hedging instruments become available for output hedging. Very little is known about 
the relation between market access and hedging, although a firm’s ability to hedge crucially 
depends on the availability and liquidity of markets (Willems and Morbee 2010). Addressing 
the impact of market access on risk mitigation, Bartram (2019) finds that in countries with 
easier access to derivatives markets, derivatives users achieve greater reduction in stock return 
volatility. Empirically investigating firm value, Pérez-González and Yun (2013) employ the 
natural event of the introduction of weather derivatives and detect an increase in firm value of 
weather sensitive firms after the introduction of the market. By analyzing the introduction of 
electricity derivatives markets as a quasi-natural change in market access for output hedging 
and the related consequences on hedging practices for multiple other risk factors, this study 
contributes to this strand of research.

The remainder of this study is structured as follows. Section 2 reviews theoretical literature 
in order to derive the research hypotheses for the focal relations. The dataset is presented in 
Sect. 3. Section 4 describes the DD estimation. The results are presented in Sect. 5. Section 6 
finally concludes.
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2  The role of electricity derivatives markets

The theoretical foundation of the impact of electricity output hedging measured by elec-
tricity derivatives market introductions on other hedging activities, risk exposure, financing 
decision, investment decision, and firm value are outlined in this section. Based on those 
theoretical elements, six hypotheses are formulated and tested in the empirical section.

2.1  Hedging behavior

First, the introduction of new domestic electricity derivatives markets increases the avail-
ability of hedging instruments (often limited to simple future products) and improves 
access to financial derivatives for domestic companies. When no domestic electricity 
derivatives markets are available, electric utilities can rely either on proxy hedging using 
a highly correlated instrument or cross-hedging using two alternative instruments with an 
auxiliary underlying to replace the missing contract (see Ghosh 1996). The domestic elec-
tricity derivatives markets may often be the preferred solution for hedging. Indeed, since 
non-storability and limited transportation of electricity lead to price divergences among 
different national electricity markets, domestic electricity derivatives markets are usually 
accompanied by higher correlations between domestic electricity prices and derivatives’ 
underlying prices (see also Haushalter 2000). Furthermore, especially smaller firms that 
fear costs involved with hedging could prefer domestic market places to buy electricity 
derivatives following the economies of scale theory (Nance et al. 1993). Since linguistic 
and legal constraints are reduced, firms could hedge their electricity price risk exposure via 
domestic derivatives markets at lower costs compared to foreign electricity derivatives or 
commodities derivatives. We therefore postulate the first following hypothesis:

H1 The introduction of electricity derivatives markets affects a firm’s decision to hedge.

The introduction of electricity derivatives markets fosters the availability of hedging 
instruments, market liquidity, and the number of market participants, which should drive a 
firm’s hedging volumes in addition to the decision to hedge at all, as stated in H1 (Willems 
and Morbee 2010). Indeed, the introduction of a domestic electricity markets may push a 
company to start hedging activities. Moreover, if a firm employs a proxy-hedge (for exam-
ple, via oil, gas, or coal derivatives) the overall hedging volumes of the related hedging 
positions increase after the introduction of a domestic electricity derivatives market. This is 
the case if, for example, the operator of a fossil fuel power station at first hedges the open 
balance between the coal input price risk and the electricity output price risk only via coal 
derivatives. This consists in hedging the existing spread, comparable to the crack spread 
(Alexander et al. 2013; Dempster et al. 2008; Murat and Tokat 2009) or the spark spread 
(Deng et al. 2001; Deng and Oren 2006; Li and Kleindorfer 2009) which makes the firm 
able to ensure economic profits. But the availability of appropriate electricity derivatives 
then enables to hedge input and output risks separately and mechanically increases the total 
general hedging volumes. In addition, electricity output hedging might have direct conse-
quences on commodity input hedging strategies, since the involved commodity spot and 
future prices are connected (Casassus et al. 2012). This also holds for foreign exchange risk 
hedging, because the increased volume of commodity hedging derivatives is often com-
bined with foreign exchange derivatives since commodity markets are often not quoted in 
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the domestic currency. In contrast, electric utility firms usually have a very good vision of 
their output risks and better forecast its output prices than other market factors. This in turn 
might encourage a firm to focus on output hedging and to allow more risk on the other risk 
factors. This could lead to reduced hedging practices for other risk factors than electric-
ity price risk. Another reason why the introduction of electricity derivative market may 
change an electric utility’s hedging volumes is that electricity future prices are contango 
markets in the short term and backwardation markets in the long term (Bierbrauer et al. 
2007; Geman 2009), electric utility firms can profit from future trading in the short term 
by ensuring higher selling prices and therefore increase the volume of derivatives they are 
dealing with.

H2 The introduction of electricity derivatives markets affects a firm’s hedging volumes.

2.2  Risk exposure

In general, corporate hedging is a strategy to reduce uncertainty concerning future pay-
ment obligations and thereby risk mitigation (Deng and Oren 2006; Stulz 2004). In this 
sense, the introduction of electricity derivatives markets enhances market completeness 
and improves the allocation of risks (Willems and Morbee 2010). Hence, hedgers might 
achieve lower earnings volatility in countries where access to derivatives markets is easier. 
Additionally, domestic electricity derivatives markets offer a higher correlation between 
domestic electricity prices and the derivatives’ underlying price, as outlined above. Conse-
quently, the risk exposure is generally expected to decrease after the introduction of elec-
tricity derivatives markets for the related firms. This also particularly holds for market risk, 
since electricity prices are linked to a country’s economic situation (Arora and Lieskovsky 
2014; Jamil and Ahmad 2010). Hence, lower electricity risk reduces a firm’s overall mar-
ket risk. Moreover, a negative spillover effect is also supposed for FX risk, since electric-
ity hedging ensures the basis for evaluation and predictability of the firm outputs. This 
also encourages a firm to hedge and, thus, lower its FX risk associated with its inputs and 
outputs. The same argument might also hold for IR risk. However, also a positive effect 
could be expected for FX and IR risks, since investment volumes as well as the levels of 
debt financing might increase with more stable earnings (Graham and Rogers 2002; Leland 
1998; Myers 1977). For commodity input risks, either a positive or a negative effect could 
be assumed depending on the hedging practices before the electricity derivatives market 
introduction. Accordingly, the commodity input risks could decrease, since commodity 
risks now can be hedged more precisely and, consequently, to a greater level. On the other 
side, a firm might want to keep the same risk level. Thus, since a firm can reduce effi-
ciently the output risk, it may want to increase in parallel the input risk. However, if a 
firm employed a proxy-hedge (for example via gas derivatives), the associated commodity 
risk raises due to the mechanically decreasing hedging volumes when electricity risks are 
hedged with electricity derivatives.

H3 The introduction of electricity derivative markets affects a firm’s risk exposure.

2.3  Financing and investment

As proposed by several authors, firms might jointly make decisions concerning corpo-
rate hedging, financing, and investment (among others, Froot et  al. 1993; Hahnenstein 
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and Röder 2007; Lin et al. 2008; Ross 1977). In this context, multiple studies argue that 
corporate hedging activities have a positive influence on leverage (Graham and Rogers 
2002; Leland 1998; Lin et al. 2008; Stulz 1996). By reducing earnings volatility, hedging 
increases debt capacities with regard to the realization of tax benefits from higher interest 
deductions (Leland 1998). In contrast, Jensen and Meckling (1976) propose that corporate 
hedging has a negative effect on leverage ratio. Accordingly, a smaller amount of hedging 
activities creates value in terms of high levels of external financing—dependent on a high 
probability of upper tail outcomes. Since the introduction of electricity derivatives markets 
is assumed to potentially increase or decrease the hedging volumes of electricity hedgers, 
the following hypothesis is proposed:

H4 The introduction of electricity derivative markets affects a firm’s level of debt financing.

Furthermore, Bessembinder (1991) argues that hedging transfers a larger proportion of 
incremental returns on investment to shareholders and fixes future cash flows. According to 
Froot et al. (1993), hedging might also avoid costly external financing. Consequently, when 
external capital is more costly than internal funds, hedging activities contribute to the avail-
ability of internal funds by lowering earnings volatility in order to benefit from additionally 
profitable investment opportunities. Since hedging reduces potential underinvestment prob-
lems (Myers 1977), the introduction of electricity derivatives markets is expected to have 
a positive impact on investments of electricity hedging firms. Since domestic electricity 
derivatives markets provide better risk mitigation properties and/or enable a firm to reach 
a certain risk position at lower costs, the introduction of electricity derivatives markets is 
assumed to reinforce this effect.

H5 The introduction of electricity derivatives markets affects a firm’s investment volumes.

2.4  Firm value

Positive theory of corporate hedging states that hedging can be value enhancing with regard 
to market frictions, such as corporate taxes, bankruptcy costs, asymmetric information, or 
agency conflicts (Bessembinder 1991; Froot et al. 1993; Smith and Stulz 1985). In contrast, 
firm values should be independent from hedging activities following the managerial utility 
maximization theory (Jin and Jorion 2006). Hence, risk-averse managers are assumed to pre-
fer hedging, if their personal wealth depends on the firm value, and hedging on the firm level 
is less costly than on a personal level (Smith and Stulz 1985). Moreover, managers usually 
claim extra compensation for non-diversifiable risks. If the costs of hedging are smaller than 
the reduction in extra compensation, firm value increases (Smith and Stulz 1985).

In their seminal article, Allayannis and Weston (2001) hypothesize for the first time 
that corporate hedging activities might also have a direct impact on firm value. Lookman 
(2004), DeMarzo and Duffie (1995) and Tufano (1996) propose that corporate hedging 
itself might be a signal of good managerial quality. Furthermore, corporate hedging might 
lead to significant cash flow gains (for example, due to positive developments of the spot 
price over the contracted forward price), which directly add value to the firm independent 
from firm risk (Adam and Fernando 2006). If better market access promotes hedging, and 
hedging increases firm value, it is expected that the introduction of new electricity deriva-
tives markets increases firm values in affected countries.



795Interaction effects of corporate hedging activities for a…

1 3

Alternatively, de Angelis and Ravid (2017) argue that commodity output hedging, as in 
the case of electricity hedging, might result in adverse effects for electricity utility firms. 
Accordingly, output hedging destroys investors’ “sector play”, since the desired industry 
risk is hedged. Furthermore, output hedging encourages over-production and distorted 
prices. These implicit costs of hedging are even more pronounced for firms with high 
market power (de Angelis and Ravid 2017), as is typically the case in the utility industry. 
Furthermore, Phan et al. (2014) document a negative effect of commodity output hedging 
for US oil and gas companies, while this effect depends on oil and gas price movements. 
Negative effects particularly arise in times of increasing prices, while positive effects exists 
when prices decline.

H6 The introduction of electricity derivative markets affects a firm’s market value.

3  Dataset

The global sample of electric utility firms is based on the MSCI World Utility Index and 
the World Utility Index from Thomson Reuters. We focus on listed firms because reliable 
data for unlisted firms are mostly unavailable. After the elimination of duplicates, the sam-
ple is reduced to firms assigned to the SIC codes 4911 (Electric Utilities) and 4931 (Elec-
tricity and Other Services Combined) in order to exclude firms not engaged in electricity 
generation. All data are collected for the period between 2005 and 2015 due to the better 
availability of hedging data since 2005 motivated by the introduction of the International 
Accounting Standard 39 (IAS 39) in 2001 and its stepwise amendment. Furthermore, rel-
evant commodity prices (oil, gas, coal, electricity) did not evolve in just one direction in 
this period. Consequently, our results are valid for increasing as well as decreasing market 
environments. As summed up in Online Appendix A, the following variables are used in 
the analyses in this work.

3.1  Hedging information

Hedging information for the data set is collected by manually screening the annual 
reports. The documents are derived from company websites, Morningstar Quicktake and 
the EDGAR company search from the US Security Exchange Commission. A keyword 
search is conducted following existing articles by, among others, Bartram et al. (2009) and 
Lievenbrück and Schmid (2014). The following keywords are used to identify text passages 
possibly containing hedging information: “Hedg”, “Risk Manag”, “Market Risk”, “Com-
modit”, “derivative”, “financial instrument”, “notional”, “nominal”, “contractual volume”, 
“contracted volume”, “principal”.

Based on the identified hedging content, a hedging dummy variable is constructed 
first, which indicates whether a firm uses financial derivatives in the corresponding year 
to hedge a certain risk type. Otherwise, the firm is classified as a non-hedger in the cor-
responding year. We refer to these dummy variables by GH.Di,t (total general hedging), IR.
Di,t (interest rate hedging), FX.Di,t (foreign exchange rate hedging), CO.Di,t (commodity 
price hedging) and EL.Di,t (electricity price hedging). Second, the notional values of the 
hedging extent are used to construct the related continuous hedging variables. Following 
existing works (among others, Campello et  al. 2011; Graham and Rogers 2002; Lieven-
brück and Schmid 2014), notional values serve as a better measure for the amount secured 
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in contrast to fair values. Following Lievenbrück and Schmid (2014), the variables are 
scaled by a firm’s total assets and set to one if the hedging volume exceeds the sum of the 
balance sheet. The continuous variables are denoted as GH.Vi,t, IR.Vi,t, FX.Vi,t, CO.Vi,t, and 
EL.Vi,t. A detailed description of the search procedure is available in Online Appendix B. 
Overall, data is available for 159 companies (1749 firm year-observations) from 40 coun-
tries. An overview of the geographical distribution of the data and the hedging behavior 
can be found in Online Appendix C and Online Appendix D.

In addition, a dummy variable for extensive EL hedging (Exti,t) is constructed, indicat-
ing if EL.Vi,t is above the 75% quantile of all reported notional values for EL hedging. 
Analogously, a dummy variable for sparse EL price hedging (Spari,t) takes on the value of 
one, if the reported volume is below the 75% quantile. Firms that are not engaged in EL 
hedging serve as the reference category.

3.2  Market introductions

To identify relevant electricity derivatives markets, we conduct an extensive research using 
online resources. For each country, for which corporate hedging information is available, 
we are interested in the date of the initial introduction of an electricity derivatives market. 
If a country experienced more than one electricity derivatives market introduction, we pre-
fer the event that falls into the observation period. Since each market introduction leads to 
a higher availability and liquidity of electricity derivatives, this procedure increases the 
number of events, while avoiding an overestimation of the effects of interest. Table 1 sums 
up the identified electricity derivatives markets analyzed in this study.

Table 1  Overview of electricity derivatives markets

This table presents information on the electricity derivatives markets analyzed in this study. Beside the year 
of introduction, the name, the abbreviation and the countries are given, for which electricity derivatives are 
offered by the respective exchange

Year Name Abbreviation Countries

1980 ICE Futures Europe ICE UK
1993 NordPool ASA NPX Norway
2001 Korea Power Exchange KPX South Korea
2001 Powernext PNX France
2002 Australian Stock Exchange ASX Australia, New Zealand
2002 European Energy Exchange EEX Austria, Germany
2003 Natural Gas Exchange NGX Canada
2003 Japan Electric Power Exchange JEPX Japan
2005 Moscow Energy Exchange MEX Russia
2006 Iberian Electricity Market MIBEL Portugal, Spain
2007 Power Exchange Central Europe PXE Czech Republic
2008 Polish Power Exchange POLPX Poland
2008 Italian Derivatives Energy Exchange IDEX Italy
2009 Nodal Exchange NODAL US
2010 Hungarian Power Exchange HUPX Hungary
2013 European Energy Exchange EEX Belgium, Greece, Switzerland
2016 Independent Bulgarian Energy Exchange IBEX Bulgaria
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Based on this information, several variables are constructed, which are necessary for 
the application of a difference-in-differences estimator (Angrist and Krueger 1999; Bakke 
et al. 2016; Gilje and Taillard 2017; Pérez-González and Yun 2013). A treatment dummy 
variable (Ti) is defined to indicate if a firm is located in a country, where one of the 16 elec-
tricity derivatives markets exists. Therefore, each firm is assigned to the country, where its 
headquarters is located. In addition, m event dummy variables ( Em

t
 ) are constructed, which 

take on the value of zero before and the value of one after an electricity derivatives market 
is introduced. Hence, these variables cover time fixed effects such as systematic variation 
in variables of interest affecting the whole industry. As seven events fall into the observa-
tion period and two of them happen in the same year, six event variables are included in 
the analyses (m = 6). Finally, the interaction term of interest (Et x Ti) is constructed, which 
takes on the value of one after an electricity derivatives market is introduced in a certain 
country. Hence, this moderating effect measures the impact of electricity derivatives mar-
ket introductions. For observations from countries, in which an electricity derivatives mar-
ket was introduced before the start of the observation period in 2005 (no event dummy 
variable included), the interaction term always takes on the value of one. In the same way, 
the interaction term takes on the value of zero if the electricity derivatives market was 
introduced after 2015.

3.3  Risk Exposure

As an additional aim of this study, the effect of electricity derivatives market introductions 
on a firm’s risk exposure is investigated. The risk exposure is estimated by a multifactor 
model following the idea of the standard Capital Asset Pricing Model in order to derive the 
sensitivity of a firm’s stock return on diverse risk factors. Therefore, we build on the works 
by Bartram (2019) and Choi et al. (1992), but extend it by differentiating between the vari-
ous relevant commodity prices that are particularly relevant for electric utility firms. The 
magnitude of each risk exposure is estimated on daily data. As a consequence, we estimate 
a time series of yearly beta factors for each firm and for each risk exposure across the 
observation period. In order to estimate the risk exposure for each firm in each year, we 
estimate the respective beta coefficients by the following linear model using daily data:

where Rt is the firm’s stock return of the day t, α is the intercept, RM
t

 is the return of a firm’s 
national non-financial market index, RIR

t
 is the change-rate of the inter-bank offered rate 

of the respective market, RFX
t

 is the percentage change of an exchange rate index of the 
respective currency, ROil

t
 , RGas

t
 , and RCoal

t
 are the returns of historical settlement prices of 

futures in the region the firm is located in for oil, gas, and coal, and ut is the idiosyncratic 
risk with mean zero.2 To eliminate outliers, all risks factors measured by the regression 
coefficients in Eq. (1) are winsorized at the 1% and 99% quantile.

(1)Rt = � + �MRM
t
+ �IRRIR

t
+ �FXRFX

t
+ �OilROil

t
+ �GasRGas

t
+ �CoalRCoal

t
+ ut,

2 Three-month interbank or deposit middle rates are received from Datastream. Trade-weighted currency 
indices published by the Bank of England (BOE) and foreign exchange spot rates from Morgan Stanley 
Capital International (MSCI) are used.
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3.4  Firm characteristics

Moreover, we include several firm characteristics in the analysis following related arti-
cles.3 In the subsequent analyses, financing behavior is measured by leverage ratio (total 
debt divided by common equity) and investment decisions are proxied by capital expendi-
ture (capital expenditure divided by total assets). Additionally, we use Tobin’s Q (ratio of 
total assets minus book value of common equity plus the market value of common equity 
to total assets) as a proxy variable for firm value. In addition, the following variables are 
selected as control variables: interest coverage ratio (EBIT divided by interest expenses on 
debt), liquidity (quick ratio), dividend yield (dividend divided by share price), profitability 
(return divided by total assets), firm size (logarithm of total assets), and tax loss carry-for-
wards (maximum of operating expenses minus revenue and zero divided by total assets). If 
leverage ratio, capital expenditures, and Tobin’s Q are not used as dependent variable, they 
are also integrated in the analyses as control variables. All control variables are received 
from Datastream and winsorized at the 1% and 99% quantile.

4  Difference‑in‑differences estimation

The aim of this study is to investigate the access to financial derivatives in the form of the 
introduction of electricity derivatives market as exogenous events. Following Angrist and 
Krueger (1999), Bakke et al. (2016), Gilje and Taillard (2017), Meyer (1995) and Pérez-
González and Yun (2013), we apply DD estimation, which is well-suited for the analysis of 
such quasi-natural experiments. In this way, firms treated by electricity derivatives market 
introductions are compared to a control group of non-treated firms, before and after the 
event of a market introduction respectively. In general, the DD regression is as follows:

where the dependent variable yi,t is regressed on a treatment variable Ti that equals one 
if a firm belongs to the treatment group (countries where a electricity derivatives market 
exists), a set of m event variables Em

t
 that equal one after a certain event m (time fixed 

effects), the interaction term (EtxTi) that equals one if a firm is affected by an event, after 
the event occurred, and a set of k control variables Xk

i,t
 . The regression coefficient ρ is the 

DD estimate of interest, εi,t is the error term. Analogous to testing moderating effects in 
standard regression analysis, all variables included in the interaction term are also included 
in the regression equation one by one, which ensures that the moderating effect is isolated 
properly. Considering the panel structure of the data, we follow the proceeding of Bakke 
et al. (2016), Gilje and Taillard (2017), and Pérez-González and Yun (2013) and use clus-
tered standard errors on the firm level in all calculations.4

(2)yi,t = � + �Ti +

M
∑

m=1

�mEm
t
+ �

(

EtxTi
)

+

K
∑

k=1

�kXk
i,t
+ �i,t,

4 Clustered standard errors are preferred against fixed-effects estimation, since the fixed effects would fully 
absorb the effects of interest included in the DD estimator. In order to justify the waiver of a random-effects 
model, the Hausman test for endogeneity (Hausman 1978) is employed to the different regression analyses 
including solely the control variables as explanatory variables. The statistically significant test results con-

3 To identify common determinants, especially the studies of Bartram et al. (2009), Dionne et al. (2018), 
Graham and Rogers (2002), Haushalter (2000), Kumar and Rabinovitch (2013), Mian (1996), Mnasri et al. 
(2017), Pincus and Rajgopal (2002), and Wang and Fan (2011) were consulted.
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In order to test the various research hypotheses of this study, Eq. (2) is applied with sev-
eral adjustments as displayed in Table 2. In order to test H1, Eq. (2) is applied by a probit 
regression, which is estimated via maximum likelihood estimation analyzing each hedging 
dummy variable (GH.Di,t, IR.Di,t, FX.Di,t, CO.Di,t, and EL.Di,t) as dependent variable. For 
interpretation, the results are presented as marginal effects.

For H2, the dependent variable yi,t is represented by the hedging volume variables (GH.
Vi,t, IR.Vi,t, FX.Vi,t, CO.Vi,t, and EL.Vi,t) in a panel data analysis. In addition, the dummy 
variables representing extensive and sparse EL hedging (Exti,t and Spari,t) are multiplied 
with the interaction term (EtxTi) . Hence, the DD estimate is further partitioned into two 
effects allowing to distinguish between the effect on firms that extensively engage in 
EL hedging, sparsely respectively. The related triple differences (DDD) are denoted by 
EtxTixExti,t and EtxTixSpari,t . Following again the standard procedure when testing moder-
ating effects in regression analysis, besides the triple differences, all pairwise combinations 
of the related variables have to be included in the regression equation as well as all vari-
ables one by one. This procedure ensures that the variables of interest (DDD) measure the 
properly isolated effect. The same adjustments are made to examine H3 and H4, using the 
risk factors (βM

i,t, βIR
i,t, βFX

i,t, βi,t
Oil, βi,t

Gas, and βi,t
Coal), financing (leverage ratio), investment (capital 

expenditures), and firm value (Tobin’s Q) as dependent variables.

5  Results

In this chapter, the data sample is described at first followed by univariate analyses of the 
control variables. In the center of this section, the introductions of electricity derivatives 
markets are analyzed via DD estimation. Here, we especially investigate the implications 
for corporate hedging activities, risk exposure, and firm value.

5.1  Descriptive statistics

Figure  1 shows the geographical distribution of the data set, which covers a total of 40 
countries distributed among five continents. The differing blue shades classify the average 
hedging intensity (GH.Vi,t) of firms located in the respective country. According to this 
illustration, corporate hedging is most pronounced in North America, Europe, Australia 
and New Zealand. An orange dot marks countries where an electricity derivatives market 
exists. Obviously, hedging practices are overall heterogeneous across the different coun-
tries in the dataset. However, electricity derivatives market are especially present in devel-
oped countries.

The development of hedging decisions and hedging volumes across the observation 
period is shown in Fig.  2. The first observation is that hedging in general has continu-
ously increased over the analyzed period. But this strong trend seems to change recently: 
the decision to hedge IR and FX risks decreases in recent year. Also, the hedging volumes 

firm the general appropriateness of a fixed-effects model, except for three individual models. For the sake of 
consistency, fixed effects are assumed in all regression models as represented by the included DD estima-
tors.

Footnote 4 (continued)
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Fig. 1  Geographical overview

Fig. 2  Hedging information
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of IR, FX, and CO risks is declining. In contrast, the decision to hedge electricity risk is 
monotonously increasing as well as the hedging activities in general.

The sample includes 75% hedging firms, which seem to strongly differ from the 
remaining 25% non-hedging firms, as the descriptive statistics of the control variables 
show in Table 3. According to the mean difference test between hedgers and non-hedg-
ers, hedging firms are expected to have a higher leverage ratio (t-value = 4.77), a lower 
liquidity (t-value = –4.20), a lower profitability (t-value = –3.39), and a larger firm size 
(t-value = 17.92) as compared to non-hedgers. The significant differences in tax loss carry-
forwards (t-value = –3.64) and capital expenditure (t-value = –5.88) can be seen as eco-
nomically marginal due to small values. This univariate analysis should solely provide first 
indications, keeping in mind a potential overestimation compared to multivariate methods 
and the potential presence of spurious effects. The correlation matrix for the analyzed firm 
characteristics is presented in Online Appendix E.

Moreover, Fig. 3 shows the average firm risk betas estimated by Eq. 1 around the intro-
duction of electricity derivatives markets. As the plot demonstrates, foreign exchange rate 
risk as well as the overall market risk reveal the greatest (absolute) beta coefficient. Obvi-
ously, the market risk exposure decreases while the FX exposure increases in absolute 
terms at the introduction of electricity derivatives markets in t = 0. This can be seen as 
an indicator that the products offered by new electricity derivatives markets enable utility 
firms to improve (reduce) their overall risk exposure while interaction effects with other 
risk factors are observable especially for FX risk.

5.2  Hedging behavior

Starting with the analysis of the effect of electricity derivatives market introductions on the 
decision to hedge at all, the results of the DD probit regressions are presented in Table 4.

The DD estimate of interest (E x T), reveals two statistically significant results. First, the 
introduction of electricity derivatives markets is found to clearly offer an incentive to a firm 
to start hedging electricity (output) price risk in a treated country (�ExT

EL.D
= 0.218) . Hence, 

the availability of domestic electricity derivatives motivates a firm to start hedging its out-
put risk.5 Second, if a firm is located in a treated country, the introduction of the electricity 
derivatives market in this country leads to an increase in the number of firms deciding start 
hedging FX risk (�ExT

FX.D
= 0.347) . Consequently, there are significant interactions between 

hedging activities as the availability of electricity derivatives also motivates a firm to hedge 
FX risk. However, these results should be considered cautiously, since hedging measured 
by a dummy variable only refers to the decision to start hedging at all, which represents a 

5 In a robustness test we investigate, if national electricity derivatives markets are potentially introduced 
due to increased electricity hedging demand (e.g., on foreign markets) before the actual national introduc-
tion, speaking for a reverse causality and, thus, against the quasi-exogeneity condition. However, the analy-
sis of the impact of prior electricity hedging decisions (two-year and three-year lag) on the later introduc-
tion of electricity derivatives markets reveals no significant results. So there was no increase in electricity 
hedging demand right before the national market introduction. Additionally, we perform a robustness test 
where we analyze if an increase in hedging demand is observable for firms when an electricity derivatives 
market is created in a neighbouring country or in a country connected via undersea cable before the crea-
tion of the national market (Polish firms–PXE, Hungarian firms–PXE, Greek firms–IDEX, Swiss firms– 
IDEX). The results show that there is no significant increase in hedging demand. For this reason, we 
assume that the creation of national electricity derivatives markets is not driven by hedging demand and we 
conclude quasi-exogeneity for our analysis. The statistical results are available on request.



803Interaction effects of corporate hedging activities for a…

1 3

Ta
bl

e 
3 

 S
um

m
ar

y 
st

at
ist

ic
s o

f fi
rm

 c
ha

ra
ct

er
ist

ic
s

Th
is

 ta
bl

e 
de

sc
rib

es
 th

e 
fir

m
 c

ha
ra

ct
er

ist
ic

s 
of

 s
am

pl
e 

co
ns

tit
ue

nt
s 

by
 th

e 
m

ea
n,

 m
ed

ia
n,

 s
ta

nd
ar

d 
de

vi
at

io
n 

(S
D

), 
an

d 
th

e 
nu

m
be

r 
of

 o
bs

er
va

tio
ns

 (
O

bs
.).

 A
ll 

st
at

ist
ic

s 
ar

e 
sh

ow
n 

fo
r t

he
 w

ho
le

 s
am

pl
e,

 fo
r n

on
-h

ed
ge

rs
 a

nd
 g

en
er

al
 h

ed
ge

rs
. T

he
 d

iff
er

en
ce

s 
in

 m
ea

n 
be

tw
ee

n 
he

dg
er

 a
nd

 n
on

-h
ed

ge
r a

re
 c

al
cu

la
te

d 
vi

a 
a 

tw
o-

si
de

d 
t-t

es
t. 

Th
e 

di
ffe

r-
en

ce
s i

n 
m

ed
ia

n 
be

tw
ee

n 
he

dg
er

 a
nd

 n
on

-h
ed

ge
r a

re
 c

al
cu

la
te

d 
vi

a 
th

e 
W

ilc
ox

on
 ra

nk
-s

um
 te

st.
 B

ot
h 

tim
es

, t
he

 v
al

ue
s a

re
 c

al
cu

la
te

d 
by

 h
ed

ge
r m

in
us

 n
on

-h
ed

ge
r. 

Th
e 

de
fin

i-
tio

ns
 o

f t
he

 fi
rm

 c
ha

ra
ct

er
ist

ic
s c

an
 b

e 
fo

un
d 

in
 O

nl
in

e 
A

pp
en

di
x 

A
. *

, *
* 

an
d 

**
* 

in
di

ca
te

 a
 1

0%
, 5

%
, o

r 1
%

 si
gn

ifi
ca

nc
e 

le
ve

l, 
re

sp
ec

tiv
el

y

Sa
m

pl
e

To
ta

l
N

on
-h

ed
ge

r
H

ed
ge

r
M

ea
n 

di
ffe

re
nc

e
M

ed
ia

n 
di

ffe
re

nc
e

M
ea

n
M

ed
ia

n
SD

O
bs

.
M

ea
n

M
ed

ia
n

SD
O

bs
.

M
ea

n
M

ed
ia

n
SD

O
bs

.
t-v

al
ue

p 
va

lu
e

W
p-

va
lu

e

Le
ve

ra
ge

 ra
tio

1.
77

1.
32

2.
00

12
63

1.
31

1.
16

1.
26

18
6

1.
85

1.
35

2.
09

10
77

4.
77

**
*

0.
00

11
7.

25
**

*
0.

00
In

te
re

st 
co

ve
ra

ge
 ra

tio
6.

33
3.

03
20

.8
6

12
55

7.
64

3.
28

18
.7

8
18

2
6.

10
3.

01
21

.1
9

10
73

−
 1.

00
0.

32
86

.4
6*

*
0.

01
Li

qu
id

ity
0.

89
0.

73
0.

69
12

42
1.

15
0.

89
0.

91
17

8
0.

85
0.

71
0.

63
10

64
−

 4.
20

**
*

0.
00

78
.4

0*
**

0.
00

D
iv

id
en

d 
yi

el
d

4.
26

3.
90

2.
21

10
44

3.
95

3.
40

2.
55

11
2

4.
30

3.
95

2.
16

93
2

1.
37

0.
17

61
.3

0*
**

0.
00

Pr
ofi

ta
bi

lit
y

4.
60

4.
15

3.
95

12
42

5.
80

4.
67

5.
26

17
5

4.
40

4.
09

3.
65

10
67

−
 3.

39
**

*
0.

00
78

.8
5*

**
0.

00
Fi

rm
 si

ze
22

.8
4

22
.9

8
1.

64
16

11
21

.4
9

21
.8

2
1.

73
37

0
23

.2
5

23
.3

7
1.

37
12

41
17

.9
2*

**
0.

00
35

6.
81

**
*

0.
00

To
bi

n’
s Q

1.
16

1.
11

0.
36

16
11

1.
16

1.
10

0.
47

37
0

1.
16

1.
12

0.
32

12
41

−
 0.

31
0.

76
23

6.
23

0.
40

Ta
x 

lo
ss

 c
ar

ry
-fo

rw
ar

ds
0.

00
0.

00
0.

01
16

13
0.

00
0.

00
0.

01
37

2
0.

00
0.

00
0.

00
12

41
−

 3.
64

**
*

0.
00

21
8.

48
**

*
0.

00
C

ap
ita

l e
xp

en
di

tu
re

0.
07

0.
06

0.
06

15
81

0.
09

0.
06

0.
08

35
7

0.
06

0.
06

0.
04

12
24

−
 5.

88
**

*
0.

00
19

3.
96

**
*

0.
00



804 M. Hang et al.

1 3

different meaning than the absolute hedging intensity. Hence, the dummy variables also 
suffer from a remarkable loss of information compared to the continuous equivalents, since 
it only differentiates between hedging and non-hedging and does not consider the absolute 
intensity of hedging. Among the further determinants of corporate hedging, leverage, inter-
est coverage, and firm size seem to be the main influential factors for hedging decisions in 
the utility industry. These results are in line with prior influential studies (among others, 
Allayannis and Weston 2001; Choi et al. 2015).

In the following, the results for the corresponding hedging volumes presented in Table 5 
are described. Therein, the two additional variables Ext and Spar make it possible to inves-
tigate differences in the effect of electricity derivatives market introductions between 
extensive and sparse EL hedgers. Consequently, two further DDD estimates (E x T x Ext 
and E x T x Spar) are included in the analyses. Since the introduction of a derivatives mar-
ket cannot be equated with the use of derivatives offered by this market (in comparison, 
for example, firms automatically have to abide by the new law, when it is passed), the two 
DDD estimates are necessary in our case. In order to calculate the total effect, for exam-
ple, for extensive electricity hedgers, the corresponding DDD estimate has to be added to 
the DD estimate. The results show significant interactions between electricity output hedg-
ing and the other hedging activities of a firm, but the effects differ between extensive and 
sparse EL hedgers. Thus, increasing volumes of EL hedging are in general correlated with 
total general hedging volumes, commodity hedging volume, IR hedging volumes, and FX 
hedging volumes of a firm.

In terms of total general hedging, an adverse effect is observable for extensive EL 
hedgers (�ExTxExt

GH.V
= −0.190) . This illustrates that the existence of a domestic electric-

ity derivatives market might coincide with better risk mitigation properties and enables 
a firm to reduce their earnings volatility with lower derivatives volumes (Bartram 2019). 
Due to their precise domestic market knowledge, electric utility firms are able to predict 
their output prices that have a major impact on firm outcomes more precisely than its 
other risk factors due to the firms’ pricing power. Accordingly, the availability of domestic 
electricity derivatives that are highly correlated with the underlying domestic electricity 
price especially contributes to a reduction of earnings volatility. Furthermore, the DDD 
estimates for IR hedging (�ExTxSpar

IR.V
= −0.159, �ExTxExt

IR.V
= −0.158) show that EL hedging 

Fig. 3  Development of firm risk
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specifically substitutes IR hedging. This might imply that output hedging reduces earnings 
volatility, which in turn increases the availability of internal funds and thereby reduces the 
demand for IR hedging. Additionally, FX hedging volumes increase with output hedging 
(�ExT

FX.V
= 0.049) . However, this effect is not unique, since especially extensive EL hedgers 

tend to reduce prior FX hedging volumes by electricity derivatives (�ExTxExt
FX.V

= −0.272) . On 
the one hand, firms might use a combination of domestic electricity derivatives and FX 
derivatives to hedge their foreign sales, which might justify the overall positive effect for 
FX hedging volumes. On the other hand, extensive output hedgers might reach an intended 
earnings stability using electricity derivatives, while substituting their FX hedging vol-
umes. One further reason for this negative effect might be, that firms use domestic electric-
ity derivatives instead of a formerly proxy-hedge consisting of commodity derivatives (for 
example, oil derivatives usually invoiced in US dollar) and FX derivatives. For commod-
ity hedging, the DDD estimates show that the corresponding hedging volumes (in total) 
increase for sparse (�ExTxSpar

CO.V
= 0.060) and extensive EL hedgers (�ExTxExt

CO.V
= 0.215) . These 

effects are expected to stem from increased EL hedging volumes and are probably linked to 
the possibility offered with the market creation to hedge separately the electricity and the 
commodity sides and not only the spread.

To sum up the results for hedging behavior, an external event in derivatives markets 
access has a statistically significant positive impact on the decision to hedge. This implies 
that derivatives market access is an important factor in explaining derivatives usage and 
thereby the results confirm the findings of the previous work by Bartram et al. (2009). With 
the findings from the probit regressions, H1 can be confirmed: introduction of a domes-
tic electricity market influences positively the decision to hedge FX and EL. Additionally, 
the separate hedging of electricity risks coincides with reduction of other hedging posi-
tions (GH, IR, and FX) due to substitution effects. But because the creation of a domestic 
electricity market enables firms to hedge separately input and output risks we observe an 
increase of hedging volume of commodities. Hence, we are able to accept H2, which pos-
tulates that a new electricity market influences the hedging volumes.

5.3  Risk exposure

Table 6 presents the results from the analysis of risk exposure. Therein, the impact of elec-
tricity derivatives market introductions on risk betas (sensitivities) of a firm is investigated.

The results show that, since electricity output hedging has several spillover effects on 
other hedging activities, output hedging also has a major impact on firm value sensitivi-
ties to market risk, IR risk, and FX risk, but only a minor effect on other commodity 
risks (oil, gas, and coal). For market risk, the DD estimate shows an overall negative 
effect (�ExT

M
= −0.169), while this negative effect is diminished for sparse EL hedgers 

(�
ExTxSpar

M
= 0.216) . Accordingly, EL hedging significantly reduces a firm’s market risk 

exposure. Hence, EL hedging enables a firm to hedge a major part of its market risk 
covered by its electricity production. For IR risk, we observe a positive effect for the DD 
estimate (�ExT

IR
= 0.026) and for the DDD estimate of sparse hedgers (�ExTxSpar

IR
= 0.030) . 

Hence, EL hedging leads to an increasing IR exposure, which might stem from lower 
IR hedging volumes and higher debt capacities (Graham and Rogers 2002) achieved 
by EL hedging. Considering the DD estimate for FX risk (�ExT

FX
= −0.181) and the 

corresponding DDD estimates for extensive (�ExTxExt
FX

= 0.294) or sparse EL hedg-
ers (�ExTxSpar

FX
= 0.260) , the total effects are positive for both groups. Following the 

analyses of FX hedging volumes, one reason might be reduced FX hedging activities. 
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Consequently, output hedgers are more sensitive to FX risks. Among the commodity 
risks, we only observe a mitigating effect for the oil price risk (�ExT

Oil
= −0.011) and for 

gas price risk particularly for extensive hedgers (�ExTxExt
Gas

= −0.016) . In contrast, the 
effect is marginally positive for coal price risk (�ExT

Coal
= 0.012).

Overall, the results confirm an impact of electricity derivatives market introductions 
on various risk factors and, thus, support H3. However, the effects differ across the vari-
ous risk factors, which depends on the varying developments of the hedging volumes 
for the various purposes due to the introduction of electricity derivatives markets.

5.4  Financing and investment

Subsequently, the effects of electricity output hedging on leverage ratio and capital 
expenditure are examined. The corresponding results are displayed in Table 7.

As proposed in several articles, firms might jointly take decisions concerning corpo-
rate hedging, financing, and investment (Froot et al. 1993; Lin et al. 2008; Ross 1977). 
Concerning a firm’s financing decision, we confirm a positive impact of electricity out-
put hedging on leverage ratio. This result becomes apparent through the statistically sig-
nificant regression coefficients of the DD estimate (�ExT

Leverage ratio
= 0.239) and the DDD 

estimates (�ExTxSpar
Leverage ratio

= 0.921, �ExTxExt
Leverage ratio

= 0.762) . Accordingly, higher volumes of EL 
hedging significantly increase the use of debt financing. This result confirms H4 and 
provides evidence for the fact that output hedging increases debt capacities following 
the works by Graham and Rogers (2002), Leland (1998), Lin et  al. (2008), and Stulz 
(1996) and enhances the willingness of outside creditors to invest.

For the effect of electricity output hedging on a firm’s investment deci-
sion, we observe a statistically significant negative effect for the DD esti-
mate (�ExT

Capital expenditure
= −0.013) and positive effects for the DDD estimates 

(�
ExTxSpar

Capital expenditure
= 0.022, �ExTxExt

Capital expenditure
= 0.013) . For this reason, we are able to con-

firm H5. Overall, the effects on capital expenditure are, however, classified as economi-
cally marginal. This also holds for the total DD effects, which are the sum of the DD 
estimate (E x T) and the respective DDD estimate, and which are positive but close to 
zero.

In conclusion, the regression results for leverage ratio and capital expenditure show 
that the usage of electricity derivatives increases the use of debt financing as proposed 
by H4. Furthermore, the introduction of electricity derivatives markets has a marginal 
positive impact on a firm’s investment behavior as stated in H5.

5.5  Firm value

As the results in Table 7 further show, there is no impact of the introduction of elec-
tricity derivatives markets on firm values. These results might be seen as an indication 
towards the managerial utility maximization theory, which assumes that firm values are 
independent of corporate hedging decisions. Hence, the results provide no evidence for 
a positive (Allayannis and Weston 2001) or negative (de Angelis and Ravid 2017) value 
effect and H6 cannot be accepted. In contrast, these results are in line with, among oth-
ers, Jin and Jorion (2006).
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5.6  Robustness tests

In order to examine the robustness of the results, we perform several additional tests to 
take the following issues into account. (1) One crucial aspect in DD analysis, is the paral-
lel trends assumption. Since this assumption cannot be tested directly (Roberts and Whited 

Table 7  DD panel regressions on financing, investment, and firm value

This table shows the results form panel regression. The dependent variable is leverage, capital expendi-
ture, and Tobin’s Q respectively. The independent variables comprise the DD estimate (E x T) of interest 
(displayed in bold) that takes on the value one for affected firms after the event and zero otherwise; fur-
thermore, the amount of electricity hedging is considered by two additional interaction terms E x T x Ext 
and E x T x Spar referring to extensive (Ext) and sparse (Spar) electricity hedgers (displayed in bold); event 
and treatment variables as well as all two-way interaction terms [T x Ext, T x Spar, and E6 (EEX) x Ext are 
deleted due to multicollinearity] are included in the regressions as well as the presented control variables. 
Further information on the electricity derivatives markets MIBEL, PXE, POLPX, IDEX, HUPX, NODAL, 
and EEX is provided in Table 1. All variables are listed and described in Online Appendix A. The standard 
errors (presented in parentheses) are clustered at the firm level. *, ** and *** indicate a 10%, 5%, or 1% 
significance level, respectively

Dep. variable Leverage ratio Capital expenditure Tobin’s Q

Intercept 4.709 (1.580) *** 0.062 (0.024) ** 1.295 (0.264) ***
E x T x Ext 0.762 (0.409) * 0.013 (0.006) ** − 0.046 (0.112)
E x T x Spar 0.921 (0.343) *** 0.022 (0.006) *** 0.012 (0.068)
E x T 0.239 (0.126) * − 0.013 (0.004) *** 0.041 (0.029)
E1 (MIBEL) x Ext 0.439 (0.813) 0.016 (0.016) 0.009 (0.182)
E2 (PXE) x Ext 0.063 (0.856) 0.002 (0.015) 0.167 (0.228)
E3 (POLPXIDEX) x Ext 0.182 (0.522) 0.004 (0.008) − 0.092 (0.184)
E4 (HUPX) x Ext − 0.784 (0.744) 0.009 (0.007) 0.028 (0.132)
E5 (NODAL) x Ext − 0.083 (0.766) − 0.005 (0.008) − 0.051 (0.137)
E1 (MIBEL) x Spar 0.128 (0.492) − 0.014 (0.272) 0.078 (4.191)
E2 (PXE) x Spar − 0.326 (0.817) − 0.022 (0.020) 0.094 (0.270)
E3 (POLPXIDEX) x Spar 0.266 (0.883) 0.003 (0.011) − 0.056 (0.289)
E4 (HUPX) x Spar 0.201 (0.440) 0.002 (0.012) − 0.072 (0.144)
E5 (NODAL) x Spar − 0.261 (0.603) 0.034 (0.015) ** − 0.061 (0.174)
E6 (EEX) x Spar − 0.039 (0.255) − 0.004 (0.006) − 0.084 (0.049) *
Ext − 1.647 (0.424) *** − 0.043 (0.010) *** 0.014 (0.110)
Spar − 1.423 (4.928) − 0.017 (0.271) 0.058 (4.191)
T − 1.439 (0.291) *** 0.007 (0.006) − 0.109 (0.047) **
E1 (MIBEL) − 0.185 (0.228) − 0.004 (0.009) 0.085 (0.039) **
E2 (PXE) 0.022 (0.155) 0.004 (0.005) − 0.006 (0.045)
E3 (POLPXIDEX) 0.078 (0.190) 0.012 (0.005) ** − 0.168 (0.040) ***
E4 (HUPX) − 0.151 (0.189) − 0.008 (0.005) * 0.000 (0.030)
E5 (NODAL) − 0.024 (0.233) 0.006 (0.006) 0.002 (0.040)
E6 (EEX) 0.234 (0.156) − 0.002 (0.003) 0.059 (0.020) ***
Controls included Yes Yes Yes
R2 0.14 0.12 0.30
Adj. R2 0.11 0.10 0.28
Obs. 1001 1001 1001
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2013), we apply the suggested falsification test in the form of a placebo event analysis.6 
Accordingly, we repeat the DD analysis on the pre-event year t-3. In this manner, the pla-
cebo event analysis tests if the observed changes in hedging behavior, risk exposure, lever-
age ratio, investments, and firm value are reasonably due to the treatment instead of another 
effect. (2) Although, we follow the approach by Bakke et  al. (2016) when analyzing the 
hedge ratios, there might be serious groupings of observations around zero and one in our 
case. Consequently, we perform a tobit model with censoring at zero and one using robust 
Huber/White standard errors following, among others, Haushalter (2000) and Lievenbrück 
and Schmid (2014). (3) The decision of how much to hedge is inseparable from the decision 
to hedge, since notional hedging volumes greater than zero are only observable if a firm 
decides to hedge. Furthermore, the decision to hedge is not random (Pincus and Rajgopal 
2002). For this reason, the notional values of hedging are only observable for a subset of the 
sample, which is built on a decision that is affected by influencing variables. In order to con-
sider this issue (Choi et al. 2015; Pincus and Rajgopal 2002), commonly referred to as sam-
ple selection bias, a Heckman correction is employed (Heckman 1979). In the first stage, we 
use the existence of hedging activity as dependent variable, modeled as a dummy variable. 
The dummy variable takes on the value one for a firm at time t, if the firm is classified as 
hedger in t or t-1, and cash flows from hedging positions are non-zero in t-1 (Adam et al. 
2015). As predictors, the selection equation contains all firm characteristics covered by the 
control variables as well as an indicator variable, which takes the value one, if a firm applies 
international accounting standards (IFRS or US-GAAP) (Lievenbrück and Schmid 2014), 
which is drawn from annual reports. The regressions are carried out using robust Huber/
White standard errors. (4) The analyses of financing, investment, and firm value are further 
carried out by treating these variables as endogenous predictors in the respective variables. 
Therefore, a two-stage least squares approach (with clustered errors on the firm value in the 
second stage) is applied to consider potential endogeneity among these variables following 
Lin et al. (2010), Magee (2013), and Pincus and Rajgopal (2002). As instruments in the first 
stage, the dependent variable is used with a one-year and two-year lag. This is motivated by 
the fact that these variables tend to be rather sticky. (5) All reported regressions are further 
duplicated using lagged events. In this regard, all dummy variables Em

t
 (including the asso-

ciated interaction terms) are constructed with a 1 year lag. This procedure should provide 
insights into the temporal structure of the effects and reveal if there are anticipation effects 
in our dependent variables in advance to the actual introduction of the derivatives markets. 
(6) Instead of using clustered standard errors on the firm level, all reported regressions are 
further re-calculated using robust Huber/White standard errors, and robust Huber/White 
standard errors clustered at the firm level. (7) Beside, financing, investment, and firm value 
are further only analyzed for North American firms as well as for large firms (whose average 
firm size across the observation period is above the overall median firm size). (8) Finally, we 
also analyze premiums of credit default swaps (5 years) in order to reveal the impact on debt 
prices in addition to debt quantities.

All robustness tests confirm the results of our baseline models. Especially, the placebo 
event analysis (see Online Appendix F) does not reveal any alternative pre-event effects 

6 The complexity in testing the parallel trends assumption in this paper compared to a usual DD analysis is 
that there are multiple events instead of one single event, and that for some observations the event already 
happened before the observation period. To reach sharp test results, we restrict the event set to market intro-
ductions taking place within the observation period. Furthermore, we exclude observations from countries, 
in which electricity derivatives could be traded before the observation period.
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for our core findings. This is reflected by the insignificant test results for the interaction 
term (Et−3 x T) included in the regression models. Among the further robustness tests, the 
heckit models provide no evidence for the presence of sample selection. When applying the 
lagged event variables, the effects are diminished. Consequently, we conclude that firms 
primarily adopt their hedging strategy to restructurings in financial derivatives markets in 
the year of the restructuring, as assumed in our baseline models. Our robustness tests fur-
ther confirm that the main results for financing, investment, and firm value especially hold 
for North American firms as well as for large firms. In order to distinguish between the 
effects on debt levels compared to debt prices, also premiums of credit default swaps are 
analyzed. The results reveal, that the derivatives market introduction only has an impact on 
debt levels, not on debt prices. The results of the robustness tests for the DD estimates of 
interest (E x T, E x T x Spar, and E x T x Ext) are summed up in Online Appendix G.

6  Conclusion

Literature is largely silent on the consequences and interactions of corporate hedging 
activities in the presence of a multi-risk exposure. This study addresses these questions by 
analyzing corporate hedging activities in the electric utility industry. The introductions of 
electricity derivatives markets create a unique setting for the analysis of corporate hedging 
practices of electric utility. The aim of this study is to consult these financial innovations as 
a new measure of EL hedging. In contrast to prior research focusing on endogenous varia-
tion in hedging behavior driven by internal corporate decisions, this approach uses a quasi-
exogenous change in the variability of electricity derivatives. Based on a set of 16 events, 
the hedging behavior, risk exposure, financing and investment decisions, and firm values 
are analyzed based on a sample of 159 firms form 40 countries for the years 2005–2015.

The results show that electric utilities generally favor domestic markets for trading elec-
tricity derivatives, which might be reduced to their usual high market power and the related 
good predictability of electricity prices. As a consequence, electricity output hedging elim-
inates a major part of overall market risk. Further, we identify several spillover effects of 
electricity output hedging: The sensitivities to input commodity prices decrease, while the 
sensitivities to foreign exchange rates and interest rates increase. Furthermore, electricity 
output hedging increases debt capacities and the availability of internal funds. Overall, the 
access to electricity derivatives markets is identified as a crucial country-level determinant. 
Our results are highly relevant for electric utility firms, but also for market operators and 
policy makers. Opposed to the findings from Fernandes (2011) stating that financing prac-
tices converge across countries over time, the presence of electricity derivatives markets is 
a crucial cross-country difference, which leads to a global divergence of financing policies. 
Let’s stress that electricity market is a highly capital intensive sector and therefore, the 
introduction of efficient electricity derivatives markets should help electricity utilities to 
be able to face the massive investments they are required to perform in the energy transi-
tion context. Future research might cover potential selective-hedging or speculation effects 
(Adam and Fernando 2006; Adam et al. 2015) in the case of output hedging for an industry 
hedging diverse risks on the input and output side.
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