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Abstract

The increase in environmental accidents encourages companies to take out
insurance against potential losses. In addition, firms may also choose to en-
gage in environmentally responsible (ECSR) activities in the form of volun-
tary emission reductions to mitigate the probability of environmental losses.
We study this problem in an industry consisting of a risk-averse firm in which
environmental accidents can occur. In this industry, consumers are environ-
mentally concerned, a tax on emissions is in place, and the firm chooses its
type (profit-seeking or ECSR), its demand for insurance against environ-
mental accidents, the emission reduction investment, and the production
level. Our results show that engaging in ECSR activities may not only be a
response to environmental policy or consumer demands, but also a response
to a tight insurance market with high premia.
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1 Introduction

The intensification of environmental accidents can impose significant financial bur-
dens on firms, prompting them to seek protection against such risks. Corporate en-
vironmental insurance refers to insurance policies designed to protect firms against
financial losses arising from environmental liabilities, such as the costs of remedi-
ation, litigation and compensation for environmental incidents (see Sjoquist and
Sjoquist, 1992, Swafford and Dallman, 1999, and more recently Freedman et al.,
2007).

Another (not necessarily alternative) strategy is for the firm to reduce its envi-
ronmental impact once it has established that production-related emissions have a
positive impact on the size and likelihood of an environmental disaster occurring.
In practice, a firm may choose to formally embrace environmental corporate social
responsibility (ECSR) to voluntarily reduce its environmental impact in order to
mitigate expected losses from negative environmental events.

Classical insurance theory studies the demand for insurance and self-insurance as
substitutes (see Ehrlich and Becker, 1972, Briys and Schlesinger, 1990, Courbage,
2001 and Pannequin et al.; 2020). In a situation of environmental accident risk,
self-insurance can be interpreted as investment in green innovation or emission
reduction technology.

Empirical evidence shows that the use of environmental insurance is related to
environmental performance and green innovation (Chen et al., 2022, Wu et al.,
2022, Ning et al., 2023, Zhu et al., 2023 Shi et al., 2023, and Wen et al., 2024).
Moreover, in a recent paper, Kong et al. (2020) find that ECSR activities can
significantly reduce firms’ idiosyncratic risk, which is positively related to the risk
of environmental accidents. However, the relationship between the occurrence of
environmental accidents and the adoption of ECSR practices has not been directly
investigated, either empirically or theoretically.

In this paper, we analyse the relationship between the adoption of ECSR prac-
tices and the demand for insurance against environmental accidents. We consider
a single firm industry in which consumers are environmentally concerned, pro-
duction is polluting and there is a tax on emissions. In addition, we assume the

existence of environmental accidents, which are partly due to the level of emissions,



and which can cause a financial loss to the firm. In this context, ECSR activities
involve voluntary emission reductions and are therefore strategic not only in terms
of consumer preferences and environmental policy, but also in terms of expected
financial losses from environmental accidents. In addition, ECSR practices become
a substitute for the insurance market by influencing the premiums offered and the
opportunities in this sector.

The management of the firm is organised into three bodies (Board of Directors,
Risk Management Department and Operations Department), each with different
objectives. The Board of Directors decides whether to adopt an ECSR statute. In
practice, this amounts to a voluntary reduction in production emissions, regardless
of the existence of a policy. Even in the absence of negative natural events, the
firm may have an incentive to adopt ECSR activities because consumers are envi-
ronmentally concerned and would appreciate (in terms of willingness to buy) the
firm’s efforts to reduce its impact. The Risk Management Department chooses the
level of coverage against environmental accidents. Its decision is based on expected
profits and the cost of the premium. Finally, the Operations Department deter-
mines the production strategy and the choice of investment in emission reduction
technology.

When analysing the decisions of the Operations Department, we find that, in-
tuitively, a higher level of production induces a higher level of insurance coverage,
while a higher level of investment in emission reduction is associated with a lower
level of insurance coverage.

In the analysis of Risk Management decisions, we examine the role of market
size, tax on emissions, the impact of emissions on environmental accidents and the
loading factor. Irrespective of the type of firm, a larger market size stimulates the
level of coverage, while the level of tax, the impact of emissions on damage and
the loading factor reduce the demand for insurance. When the firm is of the ECSR
type, we find that insurance coverage increases with environmental concern and
decreases with the level of voluntary internalisation of emissions.

The Board of Directors’ decision to adopt an ECSR statute is the focus of this
paper. It shows that as the loading factor increases, so does the incentive to
convert the firm into an ECSR. Note that the size of the loading factor reflects the

characteristics of the insurance market in terms of cost efficiency and the ability of



insurers to charge a premium. Since, in practice, a higher loading factor translates
into a higher equilibrium premium, it follows that the adoption of ECSR activities
somewhat mitigates the effect of higher premiums in the environmental insurance
market.

The remainder of the paper is organised as follows. Section 2 briefly outlines
the relevant literature and Section 3 introduces the model. Section 4 presents the
results, considering first a standard firm, then a firm that adopts ECSR activities,
and finally the endogenous choice of the ECSR adoption. Section 5 concludes. All

proofs can be found in the Appendix.

2 Literature

The paper is related to the literature on insurance and the literature on environ-
mental and corporate social responsibility.

With regard to the former, our contribution fits into three strands of literature:
that on insurance demand, that on self-insurance, and that on insurance against
environmental accidents.

Smith (1968) is the first paper to focus on the demand for insurance, studying
the optimal level of insurance coverage.! Mayers and Smith (1982) provides further
motivations for why firms demand insurance: risk shifting, tax benefits and cost
reduction. In addition to these, MacMinn and Witt (1987), Schnabel and Roumi
(1989) and MacMinn and Han (1990) have added the cost of financial distress, and
Han (1996) has emphasised the role of managerial compensation. The strategic
analysis of insurance demand was introduced by Ashby and Diacon (1998) in a
simple Cournot-Nash duopoly and then extended by Seog (2006). Seog (2006)
assumes that the financial loss is composed of two parts, one exogenous (random)
and one endogenous (deterministic), the latter being related to the output pro-
duced by the firms that also choose the insurance coverage rate. Of this strand
of literature, our paper is mainly related to Seog (2006). Our modelling of loss is
similar, but the endogenous component depends on the level of emissions rather

than on output, because, unlike Seog (2006), our focus is on losses resulting from

! An exhaustive tractation of the demand for insurance is given in Szpiro (1988).



environmental accidents rather than on losses in general.

The paper also relates to the literature on self-insurance, which can be defined
as an action that an agent can do to reduce the intensity of loss. The seminal
work here is Ehrlich and Becker (1972), who examines the relationship between
insurance demand and self-insurance in the form of behaviours that reduce the
probability of hazardous events. Developments in this area include Briys and
Schlesinger (1990), Courbage (2001) and, more recently, Pannequin et al. (2020).
A common result in this literature is the substitution effect between the demand
for insurance and self-insurance. In our analysis, self-insurance amounts to the
reduction of polluting emissions that contribute to the cause of the environmental
accident. In addition, ECSR activities correspond to voluntary (i.e. not driven by
environmental policies) emission reduction, which can be interpreted as another
way of self-insurance.

The third strand of insurance literature related to our paper is the study of envi-
ronmental accidents insurance. This body of research has largely focused on how
households choose to purchase property in areas prone to natural disasters and the
resulting impact on property values (Bin and Landry, 2013, Georgic and Klaiber,
2022). It also examines the socio-economic characteristics of households relocating
to high-risk areas (Bakkensen and Ma, 2020), their willingness to pay for insurance
(Botzen et al., 2009 and Bradt et al., 2021, among others), the distribution of total
losses (Conte and Kelly, 2018) and the role played by insurance transparency in
the long-run abatement decisions (Miiller-Fiirstenberger and Schumacher, 2015).
In contrast to this literature, the present paper focuses on the analysis of corporate
rather than household environmental insurance.

Finally, the paper is linked to the literature on strategic environmental corporate
social responsibility. Generally speaking, Environmental Corporate Social Respon-
sibility (ECSR) is defined as a firm’s formal efforts to minimise its negative impact
on the natural environment through sustainable practices and pollution reduction.
The focus on “strategic” refers to the fact that the adoption of these practices is
assumed to be beneficial to the firm. Examples could be better financial perfor-
mance (Wu and Shen, 2013), lower cost of capital (El Ghoul et al., 2011) or lower
crash risk (Kim et al., 2014).

The integration of environmental concerns into corporate social responsibility



(CSR) has evolved over time to the point where the relevance of environmental
concerns per se, together with social responsibility, has been recognised. As a
result, the literature on ECSR has emerged from the extensive research on strategic
CSR (Baron, 2001) which, for the sake of brevity, will be omitted from this section
of the literature.

A commonly accepted way of modelling ECSR behaviour is to acknowledge the
existence of environmentally concerned consumers. Papers using this approach
include Manasakis et al. (2013), Manasakis et al. (2014), Liu et al. (2015), Xu
and Lee (2023), Fang and Zhao (2023), Kouider Aissa and Tampieri (2024) and
Clo et al. (2024). This type of consumer places a higher value on goods produced
with a low environmental impact and is therefore willing to pay a higher price for
such products. In turn, a firm may have a strategic incentive to engage in ECSR
activities in the form of emission reductions in order to attract these consumers.
Under certain conditions, ECSR firms produce more and earn higher profits than
firms that focus only on profits. Here, the practice of reducing emissions further
stimulates demand, so that the cost of environmental responsibility is offset by
green consumers paying more for ECSR products than for standard goods. In line
with this approach to modelling ECSR, the present analysis refers to this literature
as the firm’s Board of Directors decides whether or not to adopt ECSR practices

in the form of emission reductions with the aim of maximising the firm’s profits.

3 The model

Consider a single-product, single-firm industry. In its own decision process (de-
scribed in detail below), the firm decides whether to pursue profit maximisation or
to adopt an environmentally responsible statute by internalising some of its own
emissions. We denote a standard profit-seeking (PS) firm by P and an environ-

mentally socially responsible (ECSR) firm by F.

3.1 Demand side

We assume that consumers are “environmentally aware”: if the firm becomes an

ECSR, consumers recognise its commitment to reducing production emissions be-



cause they are willing to pay a higher price for a good produced by it.
A representative consumer’s utility depends on the type choice of the firm ¢ €
{P, E}, and it is given by:

1
UZ‘ = (CL + 1{1=E}0n) q; + 5(]12 + ¢g. (1)

In Eq. (1), g represents the quantity of the good purchased by firm i, while a
represents the component of willingness to pay common to PS and ECSR products.
Finally, 07 is the additional willingness to pay for the good if the firm becomes
an ECSR. This is given by the degree of environmental awareness of consumers
(denoted by € € (0,1]) and the degree of emissions internalisation of ECSR firms
(denoted by 1 € (0,1]). The indicator function 1;_gy clarifies that it is only active
if the firm chooses the E type and zero otherwise, i.e., if the firm is PS.

The consumer’s budget constraint is given by
co+pigi =Y, (2)

where c¢q represents the composite good, whose price is normalised to 1 and used
as the numeraire, while Y denotes income. Maximising FEq. (1) with respect to ¢;

and subject to Eq. (2), yields the following inverse demand function:
pi = a+ Li—pm0n — g (3)

3.2 The firm’s governance

Within the firm, different managers perform different functions. In particular,
the firm is made up of three bodies: the Board of Directors, denoted by the
subscript b, the Risk Management Department, denoted by the subscript r, and
the Operations Department, denoted by the subscript o. All these bodies play a
role in the management of the firm, with different objectives. We assume that all

bodies have constant absolute risk aversion. Their objective function is given by

O;i = —exp(—Avj;), (4)



with j € {b,r,0}, A is the coefficient of risk aversion and v;; is a function that

depends on the department and the firm’s type considered.

3.2.1 Operations Department

The Operations Department manages the day-to-day operations of production and
investment. Production has constant marginal costs c. Moreover, production is
polluting and there is an environmental policy in place: the Environmental Agency
sets a tax rate 7 on the level of emissions. Hence, the Operations Department
has an incentive in investing in emission reduction technology to curb the fiscal
burden. We assume that emissions of firm ¢, denoted as e; are given by the level

of production ¢; minus the investment in abatement, denoted by z;, so that
€ = 4qi — Zi.

Investment costs are convex (quadratic) and independent of the quantity produced.
This type of emission reduction technology is called end-of-pipe, which refers to

pollution control methods that treat pollutants at the point of discharge, rather

than preventing their formation during the production process (Dupuy, 1997).

Typically, this approach mitigates environmental impacts by implementing treat-

ment systems at the final stage before pollutants are released into the environment.
It follows that a firm’s operating profits are

2
R; = (pi - C)Qz‘ - EZ — T€;. (5)

An environmental accident causes a financial loss to the firm. This loss is given
by two components: first, an exogenous component, depending on the idiosyncratic
level of the environmental accident, which is given by a random variable w normally
distributed with mean p and variance o?. Second, an endogenous component,
depending on the level of emissions due to the firm’s production. In other words,
the higher the emission reduction, the lower the loss due to the environmental
accident, so that emission reduction can act as a “self insurance” mechanism.

We are now in a position to define the firm’s profits: these are operating profits



minus the financial loss due to the environmental disaster for the uncovered share:

In the financial loss (1 — f3;)Wee;, (1 — B;) is the retention rate and ¢ > 0 is a
parameter representing the impact of emissions on the financial loss.

The objective of the Operations Department is set by the Board of Directors,
which, as explained in more detail below, decides whether to adopt an ECSR
statute. In practice, this requires the internalisation of own emissions, despite the
existence of an environmental policy. In particular, we assume that the ECSR
firm reduces its emissions by a fraction 1. While this internalisation represents
an additional cost for the firm, it could be compensated by the higher valuation
by consumers, who are willing to pay more for the firm’s product if it has been
produced with a lower environmental impact.

It follows that the Operations Department’s objective function is given by O,;(v,;),

where

Voi = T — Li—myme;. (7)

By Eq. (7), given that the exogenous component of the environmental loss is

A
2

normally distributed, and denoting o = %, the Operations Department’s expected

objective is”

Evy = Ry — (1 = 6;) (1 + ao)pe; — Li—myne;. (8)

3.2.2 Risk Management Department

The firm may protect itself from the risk of the financial loss by buying an insur-
ance, which may partially or fully cover the loss, based on the percentage the firm
chooses to cover itself. This task is the role of the Risk Management Department.
In particular, this department chooses an insurance coverage f3; € [0,1], where
B; = 0 means no insurance and ; = 1 means full insurance.

The insurance market is competitive, so the insurance premium is given by the

2For notational reasons, we use the volatility instead of the variance.



expected value principle:
Py = (1 + \)ugei;, 9)

where A > 0 is the loading factor. The Risk Management Department establishes
its coverage level, (;, by maximising the firm’s objectve, established by the Board
of Directors, minus the cost of the premium (Seog, 2006). Thus its objective

function is given by O,;(v,;), where

Upy = T3 — Il{i:Emei - P (10)

Hence, the Risk Management’s expected objective is

Evy = Ry — (1= 6;) (1 + ao)pe; — Li—mne; — (1 + X pge; f;. (11)

Note that optimal insurance coverage is usually interpreted as the demand for

insurance.

3.2.3 Board of Directors

As anticipated above, the Board of Directors is the body that establishes the firm’s
objective, either PS or ECSR. The Board’s choice is based on expected profits: the
statute that ensures the highest expected profits is chosen. The board’s objective
is therefore given by Oy;(vy;), where vy; = m;. Thus, its expected objective function
is

3.3 Timing

The sequence of the decisions within the firm is as follows. First, the Board of
Directors evaluates whether an ECSR statute should be adopted. In the second
stage, the Risk Management Department chooses the degree of insurance coverage.
In the third stage, the Operations Department chooses quantities and investment
in emission reduction technology. The solution concept is subgame perfection by

backward induction, with the sequence of stages ensuring time consistency.

10



4 Results

In this section we present the results of the paper. The presentation is as follows.
First, we derive the industry equilibrium separately, according to the Board of
Directors’ choice in the first stage. We then focus on the Board’s choice of type
and, more generally, on a comparison between the two industries. For simplicity,

we define v = a — ¢, which represents the size of the market.

4.1 Profit seeking type
4.1.1 Operations Department’s choice

Consider first the standard, profit maximising firm. In the third stage, the Op-
erations Department maximises profits with respect to quantity ¢p and emission

reduction investment zp, so that its problem is

max Ev,p = Rp — (1 — Bp)(u + ao)pep, (13)

ap.zp

st. gqp=0,2p =2 0,qp — 2zp = 0. (14)

The first order conditions, for interior solutions, with respect ¢p and zp are:*

57Tp

Ao =7 2qp =7~ (1= fp)(u+ a0)p =0, (15)
qp
@:_2P+T+(1—ﬁp)(u+aa)¢=0. (16)
5Zp

Solving Eq. (15) with respect to ¢p and zp, we obtain the optimal values as

summarised in the next proposition.

Proposition 1. The equilibrium level of quantities and investment in emission

reduction technology of the PS Operations Department are

b = gl =7 = (1= Bp)( + a0)d] a7)
2 =7+ (1= 08p)(u+ ao)o. (18)

3See the Appendix for a complete derivation of all solutions. We exlude boundary solutions
because if ¢p = zp, then the insurance market disappears.

11



Note that the results in Proposition 1 are positive and ensure a positive investment

in insurance coverage whenever v > 7p, where

TP =3[7 + (1= Bp) (1 + ao)d].
Therefore, in the following we assume
Assumption 1. Let v > Ap.

Proposition 1 shows that there is moral hazard, i.e. an increase in the level of
coverage stimulates the level of production and restrains the level of investment,
implying a higher level of emissions in equilibrium. This result is obtained by

differentiating the equilibrium values with respect to the coverage level:

ogp 1

B Z(M—i—aa)gzﬁ > 0,
0zp

aﬁp - _(N + 040)¢ <0,

so that one may summarise

Corollary 1. Let Assumption 1 hold. In the PS firm, an increase in insurance

coverage leads to an increase in output and a decrease in abatement investment.

The results in Corollary 1 are natural in the general literature of insurance and
self-insurance, dating back to Ehrlich and Becker (1972).

4.1.2 Risk Management Department’s choice

In the second stage, the Risk Management Department establishes its coverage

level, Bp by maximising its expected objective function from Eq. (11), that is,

max FEv.p = Rp — (1 — Bp)(u + ao)pep — (1 + N upepBp.
Bpe[O,l]

The first order condition is

0Bvp _ Oqp _,0qp . [(Oap 0z 5 — 2
e a x

Br  'Bp  0Bp T

(G -2 ) a0 = )| 4 o= (19

12



Note that the second order condition is verified as long as

0*Ewv, 3
55%]3 = —5(040 —A\u) <0,

which is verified for A < X, where

A

ao
/JJ.

Solving Eq. (19) with respect to fp, we are able to determine the equilibrium

coverage level when the firm is PS. Define

[v =37 = 3(u + ao)plac — 3(1* — a’0?)¢
[v = 37 + 3(1 + ao) o]

AP:

)

where )
3(p+ao) ¢

(v — 37 4+ 3ud + 3acd) u

for v > 4p. The following proposition summarises the Risk Management’s choice

X_)\P:

> 0,

when the firm is of PS type:

Proposition 2. Let Assumption 1 hold. The equilibrium coverage level of the PS

Risk Management Department is

1 if A< Ap,
. ) v =37 =3+ a0)gl(ac —Au) . <
fp = 3+ ao)(p—ac+ 2 u)p ifAE(Ap ).
0 ifA= N\

From Proposition 2, we may evaluate how the coverage choice changes according

to parameter values.

Corollary 2. The demand for insurance of a PS firm increases with the market
size, and decreases with the tax on emissions, with the impact of emissions on the

financial loss and with the loading factor.

13



4.1.3 Equilibrium profits
Given Proposition 1 and Proposition 2, we can write equilibrium profits as:

(25)°
2

= (qp)” —

+r2p+ (1= B5)(u + ao)z).

The following proposition illustrates how changes in the tax on emissions, the

impact of emissions on the financial loss and the loading factor

Proposition 3. Equilibrium profits of a PS firm are decreasing in the tax on

emissions, the impact of emissions on the financial loss and the loading factor.

As might be expected, profits fall as tax and insurance costs rise and as the
severity of the loss increases. This means that taxes and insurance have a greater
impact on operating profits than on losses (with the opposite sign). In a sense,

operating profits carry more weight in total profits.

4.2 ECSR type

In this section, we evaluate the alternative case in which the firm adopts ECSR

practices.

4.2.1 Operations Department’s choice

In the third stage, the Operations Department maximises Eq. (8), given by profits
minus the internalisation of emissions, with respect to quantity ¢z and emission

reduction investment zg, i.e.

max Ev,p = Rp — (1 — Bg) (1 + ao)pep — neg, (20)

ap,2P

st. qg =2 0,25 20,9 — 2z = 0. (21)

14



From Eq. (20), the first order conditions for interior solutions, with respect ¢z and

ZE are:4
00 =
WEE V+60n—2¢5—7—n—(1-B)(p+a)p=0, (22)
00g
D28 —zp+7+n+ (1= Be)(u+ ao)p =0. (23)

Solving Fq. (22) with respect to qg and zg, respectively, we obtain the optimal

values as summarised in the next proposition.

Proposition 4. In the third stage, the equilibrium level of quantities and invest-

ment in emission reduction technology of the ECSR firm are

i = 3l =7 (1= B)(u+ a0)o], 29)

zp =7+ (1 =B+ ao)e. (25)

Like in Proposition 1, we are focusing on the equilibrium where insurance coverage

can be a relevant option. This occurs whenever v > g, where
Ve =B =0)n+3[1+ (u+ ao)g].
In what follows, we assume

Assumption 2. Let v > 7.

A quick glance to Proposition 4 shows that, like in the PS case, moral hazard

occurs. Hence the results in Corollary 1 hold also when the firm is ECSR, so that

ogp _ (p+ao)¢

0Bk 2 ’
oz B

4Like in the previous case, in the Appendix we provide a complete derivation of all solutions.

15



4.2.2 Risk Management Department’s choice

In the second stage the Risk Management Department chooses its coverage level,
P, to maximise its expected objective in Fq. (11). Hence, in the second stage,

the ECSR Risk Management Department’s problem is:

gmax Bvp = R = (1= Be)(p + ac)dep —ne — (1+ Nudepfe.  (206)

The first order condition of Eq. (26) is

OEv, 5 o oqh <8q§ 62%)
= (y+0n)—= —2—=4q% — —
PP S o R T S
oq; 0z% . «
(GE-ZE)a-se-wi-sp|wrane e
dai, Oz .
- - 1— - 1 = 0.
The second order condition is verified whenever
aQEUTE 3 2
S —§(u+a0)(u—aa+2)\u)gb <0,
which occurs for
Asa=207H
21

Again, solving Eq. (27) with respect to g, we are able to determine the equi-

librium coverage level when the firm is ECSR. First, define

[v = (3 —0)n—37 = 3(n + ao)¢lac — 3(1* — a*0?)¢

A = ,
- [y — (3= 0)n =37 +3( + ao)o]u
where )
< 3(p+ao) ¢
A=A = >0
(v =37 =3n+0n+3ud+3a0d)
and
~ (y=37=3n4+60n+3up —3acd) (1 + ao)
Ap— A= > 0,
2(y =317 =304 0n+3up+ 3acd) u
for v > 7.

16



Proposition 5. Let Assumption 2 hold. The equilibrium coverage level of the
ECSR Risk Management Department is

1 if A< Ap,
. _ ) [y =B —=0n—37—3(u+ac)d](ac —Ay) <
BE'_ 3(N+aa)(ﬂ_a0+2)\ﬂ)¢ /Lf)‘e(AE7)\)7
0 ifA= N\

Note A < X implies that co — Ay > 0, namely the insurance coverage is positive
if the reduction in the cost of risk is greater than the adjusted loading factor.

From Proposition 5, we are able to analyse the equilibrium changes in the cover-
age choice according to variations in the parameter values. The following corollary
mirrors Corollary 2 when the firm is ECSR.

Corollary 3. The demand for insurance of a ECSR firm increases with the market
size, and decreases with the tax on emissions, with the impact of emissions on the

financial loss and with the adjusted loading factor.

By Corollary 3, the comparative statics results are qualitatively similar to those
of the PS firm. The difference regards the impact of emissions over the financial

loss. Indeed, we may compare:

085 By _ (=6 (a—ao)y
3l0) 0  3(n—aoc+2 ) (1 + ao) @?

> 0.

An increase in the impact of emissions over the loss due to the environmental
disaster, the PS Risk Management lowers its coverage faster than the ECSR Risk
Management.

If the firm is ECSR, we can also evaluate variations in consumer environmental

awareness f and the firm’s commitment to reducing emissions 7.

)

Corollary 4. The ECSR’s demand for insurance increases with the consumers
environmental awareness and decreases with the ECSR’s degree of emission inter-

nalisation.

The first part of Corollary 4 is intuitive. An increase in # means an increase in

consumer demand, which in turn allows Risk Management to increase the level

17



of coverage. The second part of Corollary 4 is more interesting: it shows that an
increase in the internalisation of emissions reduces the coverage level. This result
shows the fact that voluntary emission reduction, as established by the ECSR
statute, acts as a self-insurance mechanism, which is naturally a substitute of the

insurance coverage.

4.2.3 Equilibrium profits

Given Proposition 4 and Proposition 5, the equilibrium profits of the ECSR firm

may be written as:

T = (g5)° + nap — ( g) + 72 + (1 = Be)(p + ao)pzg.

The following proposition illustrates how changes in the tax on emissions, the

impact of emissions on the financial loss and the loading factor

Proposition 6. Equilibrium profits of the ECSR firm are decreasing in the tax on

emissions, the impact of emissions on the financial loss and the loading factor.

The results of Proposition 6 mirror those of Proposition 3. By evaluating the
impact on profits of consumers’ environmental concern and ECSR’s emissions in-

ternalisation, we obtain

Proposition 7. Equilibrium profits of an ECSR firm are increasing in consumers’

environmental concern and decreasing in the level of emission internalisation.

By Proposition 7, an increase in 6 leads to higher operating profits, although it also
increases environmental damage. Conversely, an increase in 7 is more ambiguous,
as it has a positive effect on demand and reduces environmental damage, but

represents a cost to the ECSR firm.

4.3 The firm’s type choice

This section focuses on the Board of Directors problem. First, we compare the
equilibrium elements in the two types of firms. We then analyse the conditions

under which the Board chooses one type over the other. Again, we will focus on the

18



situation where, for both types of firm, covering the financial loss is appropriate
according to the objective of the Risk Management Department. We will therefore

impose
Assumption 3. Let A € (S\,X).
Begin with the comparison of equilibria.

Proposition 8. Let Assumption 3 hold. In equilibrium, the level of production,
emissions and insurance coverage is higher and the level of investment is lower
when the firm is of PS type.

We then consider the Board of Directors’ decision on whether or not to adopt
an ECSR statute. The Board’s problem is given by the difference between its
expected objective function without and with the adoption of ECSR practices:

Evp — Evyg = Rp — (1 = Bp)(n + ao)gep— (28)
Ry — (1= Bp) (1 + ac)dek.

The solution of Eq. (28) yields the following results (see the Appendix for details).

Proposition 9. Let Assumption 3 hold. Then there exist a loading factor \* €
(S\,X) such that the Board of Directors adopts an ECSR statute for X > \*.

The result in Proposition 9 is central to this paper, as it shows that engaging
in ECSR activities becomes a strategic choice to counter an adverse insurance
market, represented by the presence of a high loading factor. The high loading
factor is reflected in a higher insurance premium in equilibrium. If the firm becomes
ECSR, it reduces more emissions compared to the alternative PS statute, by thus
counterbalancing the negative effect of the high loading factor into the premium

level.

5 Concluding remarks

We have studied the interplay between demand of insurance against environmen-
tal accidents and the adoption of ECSR practices. Being a commitment to volun-

tary reduce the polluting emissions, ECSR activities interact with environmentally
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concerned consumers and the tax on emissions. In addition, given that the envi-
ronmental accidents are influenced by the level of emissions, it may also act as a
self-insurance tool.

Our results have shown that the adoption of ECSR may be driven by a tight
insurance market, with a high loading factor. The extra emission reduction implicit
in the ECSR activities may offset the effect of the high loading factor in the
insurance premium.

One possible avenue for future research is to extend the framework to include the
insurer’s decision-making process. For example, we could consider how insurers
price policies under different regulatory constraints or capital requirements. In-
deed, insurance premiums are a key driver of a firm’s decision to engage in ECSR
activities. Examining how insurers respond to different risk profiles or market
regulations would provide a richer, two-sided view of the link between ECSR and
insurance.

In addition to an emissions tax, alternative or complementary policy instruments
could be explored: cap-and-trade systems, subsidies for green technology, stricter
liability rules or mandatory insurance. Different policy instruments alter both
the cost of pollution and the firm’s perception of environmental risk. Comparing
outcomes under different policy regimes - especially for risk-averse firms - would
give policymakers clearer guidance on which instruments best stimulate investment
in ECSR while ensuring adequate insurance coverage.

The analysis of the insurer’s decision-making process and the comparison of

different policy instruments are interesting extensions left for future research.
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Appendix

Complete derivation of market stage: PS firm

The Lagrangian function associated with Eq. (13) is
Lp =Tp +11qp + a2p + (qp — 2P)V3,

where vy, 15, v3 = 0 are the Kuhn—Tucker multipliers. The optimality conditions

of the constrained optimization are

-

vy—=2¢p—7—(1—=pp)(p+ac)p+vi+r3=0
—z2p+7+(1—-Bp)(p+ao)p+1vs—13=0
rqe =0, 1 =20

vozgp =0, 15 20

(gp — 2p)v3 =0, 1320

| »=0,2p20,gp—2p 20

Solving Eq. (29) with respect to gp and zp and defining

vp =31+ (1= p)(u + ao)d],

we obtain the following optimal values:

1 ) ~
37 if v < 9p,
% _
dp = 1 . R
5[7 —7— (1= Bp)(p+ac)p] ify>7p,
1 . .
% 57 lf/}/g’YPa

T+ (1 —pp)(u+aoc)p ify>7p.

21



Proof of Corollary 2

Differentiating 5} with respect to v, 7 and ¢, respectively, yields

0By _ o — A\ -0
oy 3(p+ao)(p—ac+2\u)¢ ~ 7
0By ao — A\

or (+ ao) (i — ao + 20 1) <0,
Bp _ (ao—Au)(y —37)

0 3(n+ ao)(p — ac + 2 )2 <0,

By _ [y =37 = 3(u+ ao)o]u
oN 3(p — ao + 2A\u)%¢p

< 0.

Proof of Proposition 3

Differentiation of equilibrium profits with respect to the tax on emissions, yields

ory L oqp . 0% 23

D L 08,
= - — 1— —
87_ &\7_ dp 67— ZP+ZP+ &\TT+(M+QU) |:( /BP) 67- 67- ZP:|¢
o ) op
= [(u+a0) £P¢—1]qp—(u+a0) Pk

orT
a k
(G — =)0+ 00) 526 — (g}~ 23).

¢zp + zp

(30)
A close inspection of Eq. (30) shows that the derivative is negative, given that
T+ (1= Bp)(u+ao)p—zp =0,

by ao — A\
or  (u+ao)(p—aoc 4+ 22pu)d

<0,

and ¢p — zp > 0.

Differentiation of equilibrium profits with respect to the impact of emissions over
the financial loss yields
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¢z;z] ,

ons oq* oz¥ 0z% 0z¥ o03%
35 = 2otk gk G T (ut a0) [(1—675)23’3+(1—6}‘3) 20 (fgj
0B 0B*
— (u+a0) [ fg(b—(l—ﬁ;)] 0+ (L= B5) (1 + ao)h — (u + ao) (fgd)z;‘z,
6 %
= (it ao)(ah — =5) 26— (1— BB + ao)(gh — =). (31)

0

Eq. (31) is negative, since

B o3
13l0) 3+ ao)(p — ao + 2\pu) @2 ’

and ¢p — zp > 0.
Finally, differentiation of equilibrium profits with respect to the loading factor

yields
onh _oab 0, O BN
5/\ — 6)\ dp a/\ ZP+ 6)\T+(/L+OZO') (1 BP) 5A¢ 5/\ Zp ¢7
Bp . PBp
= (1+ a0) P05~ (1-+ a0) S 025,
& * a r
= (u+ a0)(ap — ) 20 (32)
o\
Again, Eq. (32) is negative, given that
T+ (1= 8p)(p+ ao)p —2p =0,
0Bp _ _ly—37—3(p+ao)dlu _ 0.

oA 3(p — ao + 2A\u)%p

and qp — zp > 0.
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Complete derivation of market stage: ECSR firm

The Lagrangian function associated with the problem Eq. (20) is
Lp = O0p+viqe + vszp + (g8 — 28)Vs (33)

where vy, v5, g = 0 are the Kuhn-Tucker multipliers. From Eq. (33), we obtain

the optimality conditions of the constrained optimization:

-

Y+ —2qe —T—n—(1—-Bp)(p+ac)p+vs+v5=0
—zp+ 740+ (1 =Fe)p+ac)p+vs—vs=0

vaqe =0, 14 2 0

vszp =0, v5 20

(gg — zg)V6 =0, 15 =0

g =20, 220, qg —25 =0

\

Solving Eq. (34) with respect to qg and zg and defining

e = (3= 0)n +3[T + (1 + ao)g],

we obtain the following optimal values:

1 : 2
57 if v < g,

*

92 =31 . ~
s =7 = (L =B) (1 +a0)d] ify >,
1 . o~

. 57 if v <A~pg,

T+ (1 =B)(p+ac)p ify >
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Proof of Corollary 3

Differentiation of 8}, with respect to v, 7 and ¢, respectively, yields

0By oo — A\
= > 0,
oy 3(p+aoc)(p— oo+ 2 )¢

by ao — A\ <0
or  (ptao)(u—ac+2 e

085 _ _(ao —Auly =37 — (1 —-0)m] _
3l0) 31+ ao)(p — ao + 2 ) ¢p? ’

By _ =B —=0n—37—3(u+ao)glu _,
o 3 — o + 2 \u)%¢ '

Proof of Corollary 4

Differentiating of g} with respect to 6 and 7, respectively, yields

P _ (ao — Au)n -0
00 3(u+aoc)(u—ac+2 )

B (o-mE-0
on 3+ ao)(p — ac +2\u)o '

Proof of Proposition 6

Differentiation of the ECSR equilibrium profits with respect to the tax on emis-

sions, yields

omg . dqp 0%k ., « 0% N )
67_ ( dg + 77) 67_ 67_ g + g + 67_ T+ (H’ + 040') ( /BE) 67— 67_ qb’
Lo . B BE , « 0z »
— (2 1| - —
5 (245 + 1) [(/wa) 50 ] (1 +ao) =02 — =21 + 25,
(e e M WL, (o« M _ 0%

A close inspection of Eq. (35) shows that the derivative is negative, given that
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T+ (1= Bp)(n + ao)¢ — 2z = -,

By Qo — A\ <0
or  (ptao)(u—ao+2 e
oz (1+ XM

oT  p— o+ 2\ ’
and ¢qj, — z5 > 0.
Differentiation of the ECSR equilibrium profits with respect to the impact of

emissions over the financial loss yields

on} oqyn 0z} 0z} op;F 0z}
55 = ab T )oY — G ST+ (ut ao) [(1—5%— e+ (1 5p) ;jas],
1 00y
~ 5k 0+ a0) | TEo— (1= )| + (1= -+ ao)sp
00y 0z}
— (1 + ao) §;¢z§—$n,
op%F 0z}
~ o) (a5 -+ 1) | o - - p)| - S (36)

Eq. (36) is negative, since

T+ (1= Bp)(n + ao)¢ — 2z = =,

By _ _(ao =)y —(1-0)n-37) _,
3l0) 3(u+ ao)(u — ac + 2\u) P2 ’

Oz, (14+A)(u+ ao)u
o p— oo+ 2\

> 0,

and ¢j, — zj > 0.

Finally, differentiation of ECSR equilibrium profits with respect to the loading
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factor yields

ok

E

. oqy 0z} . 0%}
s (g5 + 1) = S S

025 OBy .
I by BE , « 0%
_ 1 s o \OBp O
= 5 +a0)(2qg + 1 = 25) =70 — 270 (37)
Again, Eq. (37) is negative, given that
T+ (1= Bp)(u+ ao)p — 25 = —n,
By _ =B =0n—37—3(u+ao)dlu _,
o\ 3(p — ao + 2\u)?¢ ’
0z _ (u+ao)ly— (3 —0)n—37 —3(u+a0)dlu
0p 3 — o+ 2M\p)? ’
and qp — 25 > 0. ]

Proof of Proposition 7

Differentiation of the ECSR equilibrium profits with respect to consumers’ envi-
ronmental concern yields

*
oy

00

. oq5 . w102} o0pF
= (2q5 +1n) aeE“‘[T“‘(l_ﬁE)(M"‘aUW—ZE] L £

~

Lo . el B , « _ 0%k
— 2(2 _ _
) 1+ (ot a0 SEo | — (o an) Dy - T,
(e .« M\ OBE, 0z
Eq. (38) is positive given that
T+ (1= Bp)(u+ao)¢ -z = —n,
0z, (ao — Au)n
00

0
3(p—ao+2\u)
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0qp _ IbE
2 =n+ (p+ao) aeqz5>0,
0Ph _ (a0 — Ap)n

00 3(u+ao)(u—aoc +2\u)é >0,

and qp — 25 > 0.
Finally, differentiation of the ECSR equilibrium profits with respect to emission
internalisation yields

TE — (ap+ L g+ [+ (L= )+ a0y — 52 — (u+ a0) SE s,
— i+ (15 + 1) [ a0 FEo - (1= 0)] - v an) SEost - Ty
=i+ G+ a0) (a3 =22+ ) SEo— (1-0) (s + ) Fon
~ o+ a0) (g~ 5+ 1) SEo -1~ (a+ 3) 0~ Sy (30)

Eq. (39) is negative since

on - 3(p — o + 2\p)

B lo—wmB=0)
on 3(u+ao)(u—ao+2\u)p

and ¢j, — z5 > 0. [

Proof of Proposition 8

Suppose Assumption 3 holds. Comparing equilibrium quantities between a firm of
PS and ECSR type, one gets

[3(1 — @) + (3 —50)\u + 20ac|n
6(p — o + 2X\u) '

4p—qp =

(40)
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Eq. (40) is positive as long as
3(1—0)p+ (3—50) A\ + 200 > 0,

which occurs for

3(1 —0)u + 20ac

A
ST (5-30)u
Since
~ 31 =0)u+20a0  (bac —3u) (1 —0)
A— = >0,
(5 —36)u (5—30) u

then g3 > ¢}, given Assumption 3.
Comparing the equilibrium investment in emission reduction between a PS and
an ECSR firm, we obtain
" [3(1 + My — (ao — Ap)f]n

S . 41
P~ %5 3(p — ao + 2A\p) (41)

Eq. (41) is negative as long as
31+ ANp— (o — Au)b,

which is positive for

oo — 3

/\ R
G

Given that
~ baoc—3p  (p+aoc)(3-10)

B+0Op  2(0+3)p

then 2z} < zf given Assumption 3.

> 0,

Comparing the equilibrium level of emissions between the PS and ECSR firm,

one gets
(L + X3 = )
2(p — oo +2Mp)

* E

> 0. (42)
Finally, comparing the equilibrium fraction of insurance coverage,

(3 —6)(ao — Au)n

W+Q@W—aa+wm¢<0 (43)

85— B3 = 5
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Proof of Proposition 9

Suppose Assumption 3 holds. From Proposition 3 and Proposition 6, we can derive

on%  onk
that % — % corresponds to

orp  Omp 1 y

ON 0N 6(u—ao +2\u)3
{[(2y +60n— 67 —6(uu + ao)p)d — I\ — 3(1 + ao)(y + 0n — 317 + 26u0)+
(27 + 6°n — 607)1n — I(1* — a*0”)p + 9(2u + n)ac},

which is negative for A\ > \;, where

3(u+ ac)(y + 0y — 31 + 20u0) — (2v + 0°n — 607 + I(p? — a?0?)d — 921 + n)aoc

A= [2y + On — 67 — 6(u + ao)d]0 — I
Given that
N = _ B0+ a0)y = (B -0)n— 67 —6(n+ao)d)
2[2y + 0n — 67 — 6(1 + ao)Plu ’
then % < % given Assumption 3. Moreover, both 7 and 7} are convex

function in A:

o’ oqs 0zE\ 0B% . . 02 3% 0% 2%
EZ([L—i-OzJ)[( 9 E) BE“‘(QE_ZE"‘n) 5E]¢ E >0,

ox2 ax  ox ) oA o) ax |97 ane
o o 0=\ 0B . .. %%
N _(‘”O“’)[(ax - 8/\) o T lar—2p) 6A2]¢>0'

. 0B% oB*
In addition = <0, -2 <0, and

dqp 0z (ptao)ly = (3 —0)n— 37 — 3(p + ao)g]u

ox oA 2(p — o + 2\q)? <0,
By _ Al =B =0 =37 =3(p+a0)dl® _
02 3(p — ao + 2 \u)3p ’
zp _ Alptao)ly = B-0)n =37 —3(p+a0)dlu® _
oN 31— ao + 22p)? ’
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Oqp  0zp _ (p+ao)[y =37 = 3(p+ aoc)élu

- - )

ox O\ 2(p — o 4 2\p)?
52 *
855 T (- aa/j— 20\)2¢ =
Then there exists an intersection point A*, such that 73 = 7}, If \* < A, with
A = max{\g, Ap}, then 7 — 7% < 0 for every \. If \* € (A, \) then 7} — 7% < 0
for every A € (A, A\*) and 75 — 7wk > 0, for every XA € (A\*,\). Finally, if \* > X\,

then 7} — 7}, > 0 for every . O
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