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ABSTRACT

In this study, we provide an operational decision model for the firm under the uncertain
demand and the carbon cap and trade regulation. For this derivation, a newsvendor model is
used in which the decision maker is assumed to be risk-averse so that the utility function for the
objective function is concave. Under this situation, we derive an optimal operational decision
and its implication. Then, first, we show that there exists an optimal solution and provides an
optimality condition. Then, we compare the optimal solution for the risk-aversion with the one
for the risk-neutral case so that we show that, as more risk averse the decision maker under the
carbon cap and trade regulation is, the less the optimal solution becomes. Also, we provide
various comparative static analysis results for the risk aversion under the carbon cap and trade
regulation: first, as the salvage price increases, the optimal solution increases. Second, as the
unit cost and carbon emission per unit production increase, the optimal solution decreases.
Third, as the carbon emission cap increases, the optimal solution increases. However, the effect
of unit selling price on the optimal solution does not have monotonic property in general but the
risk-neutral case shows the monotonic effect.

Keywords: Carbon Cap-and-Trade, Newsvendor Model, Risk-Averse Behavior, Sustainable
Operation Management.

INTRODUCTION

The impact of carbon emissions on climate change has spurred a coordinated and global
effort toward environmental quality through its reduction, while still striving to maintain and
encourage economic development. The United Nations Intergovernmental Panel on Climate
Change reported that the global concentration of greenhouse gases is the highest in the earth’s
history and that the major cause of global warming is from the carbon dioxide emitted through
human activity (Taso el al., 2017). Kyoto Protocol in Japan in 1997 and the United Nations
Conference on Environment and Development in Brazil in 1992 were organized as a global
effort and moreover an enforcement to reduce the concentration of greenhouse gas in the
atmosphere (Taso el al., 2017). Even though there were doubts regarding whether those efforts
would be adopted globally, they have changed both public- and private-sector's policies
regarding reducing the carbon emission, and provides the potentials for trading the carbon
emission internationally (Gottlieb, 2001).

In this study, we address an operational decision model for the firm facing the uncertain
demand from customers under the carbon cap and trade regulation, and are motivated to
synthetically analyze the impacts of the carbon cap and trade regulation on the firm's optimal
operational decision. Under this carbon cap and trade regulation, we derive an optimal
operational decision and its implication under the carbon cap and trade regulation. Moreover, for
the firm's decision strategy, a newsvendor model is used specifically in which the decision maker
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is assumed to be risk-averse on the final wealth or profit instead of being risk-neutral. To address
the risk-aversion as a firm's risk preference, the utility for the firm's objective is assumed to be an
increasing and concave function. As mentioned in Khouja (1999) and Schweitzer (2000), all the
decision makers in the production and operations management may not be risk-neutral so that
some decision makers may not simply optimize their expected profit. Moreover, this study
assumes that the demand from customers is uncertain. Under this situation, we attempt to draw
theoretical implications for carbon cap and trade regulation by analyzing a newsvendor model
with firm's risk-aversion on the final wealth or profit.

The purpose of this study is to analyze risk-averse newsvendor model under carbon cap
and trade regulation. Through the risk-averse newsvendor model, we show how risk-aversion
affects the optimal operational decision under carbon cap and trade regulation. As mentioned
above, an increasing and concave utility function is used to address the risk-aversion for the
firm's utility. Then, we try to address the following issues in this study: (1) the implementation of
the decision maker’s risk-averse behavior into firm's operational decision model under carbon
cap and trade regulation (2) the existence of an optimal solution (3) a comparative static analysis
regarding impacts of various model parameters on the optimal solution. For this, we introduce
the newsvendor model as a widely-used operational decision model to provide some managerial
insights through analytical results and then numerical study. To our best knowledge, this paper is
the first attempt to consider a newsvendor problem under carbon cap and trade regulation with
risk-aversion, which is an important contribution to the literature of probabilistic modeling under
carbon cap and trade regulation.

The rest of this paper is organized as follows. Section 2 provides a literature review.
Section 3 presents the model for the firm’s operational decisions with risk aversion under the
carbon cap and trade regulation. Section 4 analyzes the model and then provides some results
from our model. Section 5 conducts numerical examples for our analytical results from section 4.
Section 6 summarizes our major results from our model and concludes this paper.

LITERATURE REVIEW

Traditional literatures relating to the carbon emission issue have dealt with
macroeconomic aspects of carbon emission permits and trading: for instance, environmental
policy or international trade of emission permits. However, even though few attentions are made
to microeconomic, especially aspects of productional and operational decision with carbon
emission, a production and operations management model considering the carbon emission is
also significant enough to mention. So, we mostly review literatures which are related to the
productional and operational decision problem considering carbon emission.

First, we go over literatures related to qualitative and empirical research to combine the
operations management and environmental issue. Kleindorfer et al. (2005), Corbett el al. (2006)
and Linton et al. (2007) are literatures to mention qualitatively environmental issue in the fields
of production and operations management. Kleindorfer et al. (2005) list some research
challenges in sustainable operations management which integrates environmental concerns with
the supply chain for green-product design. Corbett el al. (2006) argue that the environmentally
sustainable operational model can extend the horizons of analysis which can be applied to both
theory and practice of operations management. Linton et al. (2007) present a background to
understand trends in the operations management with sustainability and the future research
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opportunities and challenges. These first part of literatures address qualitatively the potentials for
combining operational decision model with the environmental issue but does not provide
quantitative model. Moreover, they do not have any consideration regarding the operational
decision maker’s behavior. However, these give us chance to address the issues of quantitative
operational decision and the decision maker’s behavior on the risk which make our study the
difference from theses literatures.

Second, we focus on the several quantitative modeling literatures under the cap and trade
regulation without considering risk-averse decision maker’s behavior. Letmathe et al. (2005)
presents two optimization models for the expected profit so that firm can make its optimal
product mix and production quantities decision subject to carbon emission constraints and typical
production constraints. Caro et al. (2013) introduces a model where a carbon emissions result
from a supply chain’s joint effort and shows that emissions should be over-allocated to achieve
welfare for the maximum abatement efforts. Chen et al. (2013) use a risk-neutral EOQ model for
firm’s operational decision so that they find a condition under which carbon emissions are
reduced by modifying ordering quantities and also condition under which the relative reduction
in carbon emissions is larger than the relative increase in cost. Hovelaque et al. (2015) propose
two risk-neutral EOQ models that consider the link among product selling price, environment-
dependent demand, inventory control and total carbon emissions through carbon tax: one
optimizes its expected profit through EOQ only and the other optimizes its expected profit
through both EOQ and pricing decision. Du et al. (2015) use a risk-neutral newsvendor model
for the carbon emission-dependent firm’s operational decision to analyze the impact of the
carbon cap and trade regulation, where the firm can only purchase the carbon permit but can’t
sell the permit. Dong et al. (2016) study the two-echelon supply chain under the carbon cap and
trade regulation for both decentralized supply chain and centralized supply chain. They examine
the expected profit objective model to analyze the order quantity of the retailer and one
manufacturer for both decentralized and the centralized supply chain where the production
quantity and environmental issue are considered. Zheng et al. (2016) analyze an optimization
problem for the expected profit to show the effect of carbon cap and trade on a firm’s operational
mode selection under the carbon-sensitive demand assumption. Yuan et al. (2018) address issues
of supply chain emitting low carbon with one retailer and one manufacturer considering joint
information asymmetry and cap and trade, based on a Stackelberg model where the retailer is a
leader facing an uncertain demand, and the manufacturer is a follower keeping private
information in carbon emissions. An et al. (2018) address how to efficiently allocate the carbon
emission using a risk-neutral newsvendor model under a carbon cap and trade regulation where,
given each firm’s carbon caps, a policy maker accumulates all carbon permit below and over
carbon cap. Hua et al. (2018) address how firms manage carbon footprints under a carbon cap
and trade regulation using risk-neutral EOQ model to optimize the operational decision. Lee et
al. (2018) investigate a risk-neutral newsvendor model with quick response under the carbon cap
and trade regulation in which the policy maker decides the cap of carbon emission for each firm
and also regulates the carbon trading price to minimize total carbon emission. These second part
of literatures provide quantitative operational decision models, such as EOQ, Newsvendor
model. Stochastic optimization model and so on, considering the carbon cap and trade regulation
but does not consider the decision maker’s risk averse behavior.

As seen in literatures review and Table 1, an operational decision problem considering
carbon cap and trade regulation is very important to study, and that several researches have
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provided optimization model to address specific issues in this regard and mostly focus on the
coordination of supply chain by analysing the optimal decision of risk-neutral decision maker.
However, in our study, we address the optimal decision of decision maker who is risk-averse on
the final wealth. So, to the best of our knowledge, there is no research for a model which
consider the issues of uncertain demand, carbon cap-and-trade and the firm's operational
decisions in which the decision maker is risk-averse. So, it is pretty much new and will bridge
the research gap in the operational decision model under the carbon cap and trade regulation.

Table 1
COMPARISON OF OUR STUDY WITH OTHER LITERATURES
Kleindorfer etal. | Letmathe et al. (2005), Caro et al. (2013), Chen et
(2005), Corbett el al. (2013), Hovelaque et al. (2015), Du et al.
al. (2006) and (2015), Dong et al. (2016), Zheng et al. (2016), This study
Linton et al. Yuan et al. (2018), An et al. (2018), Hua et al.
(2007) (2018), Lee et al. (2018)
Operational Decision v v
Carbon cap and trade v/ v v
Risk-averse Behaviour v
MODEL

Let us consider a risk-averse newsvendor model under the carbon cap and trade
regulation. The newsvendor orders Q units of products at a procurement cost ¢ and then sells
them at the unit selling price p which is larger than c. Under the carbon cap and trade regulation,
there is an additional carbon emission at the rate e per unit product. Also, let W and c, denote as
the allowable carbon emission cap and unit carbon trading price, respectively. So, if total amount
of carbon emission eQ is larger than carbon emission cap W, then eQ — W amount of carbon
permit can be sold in the carbon trading market at the unit cost c,. Otherwise, eQ — W amount of
carbon permit can be sold in the carbon trading market at the unit price c.. Here, we assume that
the unit carbon purchasing and selling price is same at c,.

The demand D for the product is assumed to have the cumulative distribution function,
F(-) and probability density function f(-). Moreover, due to the intrinsic randomness in our
model, a decision maker at the firm may experience the mismatch between the ordering quantity
Q and demand D. So, if demand D is less than Q, Q-D amount of inventory is lost. A natural and

. . <
meaningful assumption is that S<C<CHCE=D for our model under carbon cap and trade
regulation.

I1;(Q,D) = pmin(D,Q)—cQ+smax(Q—D,0)+c, (W —eQ)
_,pPD-cQ+s(Q-D)+c,(W-eQ) ifD<Q
a pQ-cQ+c, (W —eQ) if D>Q

Then, we assume that the newsvendor is risk-averse over the final profit and the risk-
aversion is represented as a function u(-) which is increasing and concave. For practical reason, u
Is assumed to be trice differentiable. The objective function for the newsvendor is as follows:
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max E[u(H(Q,D))]

Q=0

where E[u(r1(Q.D))] can be written as follows

u(PD—cQ +5(Q— D) +c, (W—eQ)) F(D)dD + Ju( pQ—cQ +c, (W —¢Q)) f (D)dD

0

In the following Lemma, we analyse the concavity of the newsvendor’s expected utility
with risk-aversion.

Lemmal

1. The first-order condition for the newsvendor's objective function under the carbon cap and trade is as
follows,

—(c+cee—s)j[u'(pD—cQ+s(Q—D)+ce (W-eQ)) f (D)dD+(p-c—c.e)

0

[u'(pQ—c+ce(W ~eQ)) f(D)dD =0

Q

2. The strict risk-averse newsvendor's objective function under the carbon cap and trade has unique optimal
solution.
Proof. For the first result, by the Leibniz's theorem, we have

E[b (D))= 5 o(1(0.0)) 1 (0)aD+ u(n(@.0)  (D)e0 |- | Zu(r@.0)
f (D)dD+I%u(H(Q,D)) f (D)dD =—(c+cee—s)j|:u’(pD—cQ+s(Q— D)+c, (W —eQ))

o0

f (D)dD-i—(p—C—Cee)J:U'(pQ—C-i—Ce (W -eQ))f(D)dD =0

Q

Then, the first result holds. For the second result, we need to show that the second-order
condition is strictly less than zero.
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—,0,

- ~(c+ce—s) [u'(pD-cQ+s(Q-D)+c, (W -eQ)) f (D)dD

oQ?

E[u(n(@.0))]- 5

+(p-c—ce) |u'(pQ-c+c, (W -eQ)) f (D)dD

Oe—msg °

=—(p-s)u'(IM(Q.Q)) f (Q)+(c+cee—s)2Q!u”(H(Q,D)) f(D)dD +(p-c-c.e)’

Jur(r(Q,D)) f (D)dD <0

o
where the last inequality holds since wu(:) is an increasing concave function
(U'(D>0and u"(?) <0) 4pq S<C<CHC <P

Q.E.D

MODEL OPTIMIZATION AND RESULTS

In this section, we begin our analysis with the risk-averse newsvendor model. First, we
will show how the behavioral impact of parameters on the optimal decision in the risk-neutral
and risk-averse newsvendor models can be different from each other.

Lemma 2

Suppose that the newsvendor is risk-neutral over the final profit, that is u ('):OThen,
the followings hold.

1. Then optimal quantity Qu is the one satisfying the following equation

2.
<\ p—-c-ce
F - e
3. Aspincreases, Qy increases.
4. Assincreases, Qy increases.
5. Ascg, ¢, and e increase, Qy decreases.
6. W does not affect Qy

Proof. Since the newsvendor is risk-neutral over the final profit, that is u"()=0 and the

D . . .. u"'()=K . .
newsvendor’s objective is profit maximization, () for some positive constant K. Using
Lemma 1, we have

Q %
—(c+ce—s) IKf (D)dD+(p—-c—c.e) ij (D)dD=0
0 o
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Then, by rearranging this equation, the first result holds. Now, for second result,

QF(Q;)i[wj

0, 0, p-s
o 1 0Qy  (p—s)—(p—-c—ce)
— F(Qu = 2
o F ), (-3)
\0Q, c+ce-s
fQN = : 2
( )ap (p—s)

oQ, c+ce—-s 1

o, (p-s) f(QL)>0

CHC>S .y f(QV)>0

where the last inequality holds since .Then, the second result holds.

For the second result,

0 ~y_0(Pp-C-Ce
Fre-F s

s s p-s

0 1\ 0Qy  —(p-c—ce)(-1)
* F N = 2
8QN (Q ) as (p—S)
\0Q, p-c-ce
f(Qu = 2
( ) 0, (p—s)
0Q _p-c-ce 1 >0

o, (p-s) f(Q)

Where the last inequality holds since P>C+CL and f (QN ) ~ O. Then, the second result holds.

For c in the third result, we need to show that

0 ~y_0[p-c—ce
e

c c p-s
0 <\ 0Qy, 1
o F(QN) aN i
Qu ¢ p-s
.\ Q) 1
) e
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*

Q, 1 1

- 0
8s p—Sf(Q;)<

For ¢, and e, the same procedure can be applied and the result holds. Then, the third result holds.

0 «y_ 0 [p-Cc—cCe]
()5 B

The last result holds easily since

Q.E.D
Next, we will conduct a sensitivity analysis of parameters used in our model to see their
impact on the optimal decision Q* through a comparative static analysis.

Proposition 1

*

1. The risk-averse newsvendor’s optimal solution Q™ is less that the risk-neutral one Qu .
2. The more risk-averse the newsvendor becomes, the lower the optimal quantity becomes.

Proof. Since the risk-neutral newsvendor’s optimal solution Qu is given by

Qy o
—~(c+ce—s) [Kf (D)dD+(p-c—c,e) [Kf (D)dD=0
0 ot (1)

for the first result, we use the first result from Lemma 1 and also the first result from
Lemma 2. The first-order derivative for the risk-averse newsvendor’s objective function from 1
can be written

—(c+cee—s)QfNu’(pD—cQ; +5(Qy —D)+c, (W —eQy )) f(D)dD+(p-c-c.e)

0

TU'(IOQ; —cQq +c, (W —eQ; )) f (D)dDSu'(pQ; —cQ; +¢, (W —eQ; ))
Qu

—(c+cee—s)QJ:Nf (D)dD+(p—c—c.e) T f(D)dD (=0

Where the first inequality holds since u’(+) is decreasing and

pD—cQy +5(Qy —D)+c, (W —eQy ) < pQy —cQy +5(Qy -Qy )
+¢, (W —eQy )for D < Qg ?

and the last equation holds due to (1). For the second result, we make the composition of two
risk-averse function such as v o u and then compare it with u.
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200D = | v(u((@.0))Zru((@.0) 21 (D)o
ia%v(u(n(Q,D)))a%u(H(Q,D))g—gf(D)d —(c+c.e-s) _([v( ( )) ( (Q D))

f(D)dD+<p—c—cee>iv'(u(H(Q*,D)))u’(H(Q’lD))f<D>dD<v’(U(H(QiD>))

(—(c+cee—s)1u’(H(Q*, D)) f (D)dD +(p-c-c,e) ]iu’(H(Q*, D)) f (D)dD} =0

Where  the  inequality  holds  since V,(U(H(Q’D)))>VI(U(H<Q -Q ))) by
11(Q,D)=pD—cQ+s(Q~D)+c, (W —eQ),I1(Q",D) <I1(Q".Q") for D<Q and the

decreasing property of V'. Thus, the more risk-averse newsvendor’s optimal solution with V°U
is less than the risk-averse newsvendor with u.
Q.E.D

Proposition 2

Suppose that the newsvendor is risk-averse. Then, as s increase, Q increases.
Proof. The implicit function theorem is used for the proof as follows

0 o L (M@D)]
® i@y

,where the denominator is given by

< E[u(n@o))]- 50( (c+ce- >I (11(Q.)) (D >dD+<p—c—cee>Iu'<n<Q,D>)f<D)dDj

>0

=Iu'(H(Q, D)) f (D)dD—(c+cee—s)Iu” (T1(Q,D))(Q-D) f(D)dD >0

Where (H(Q’ D))<O and D=Q. So, the result for s holds.
Q.ED
As shown in Friend et al. (1975), most of experimental and empirical evidence for the
risk-aversion is shown to be consistent with decreasing absolute risk aversion. A popular
example of a decreasing absolute risk aversion utility function is u(-) = In(-). In the following
Propositions, we find monotonic properties of the risk-averse newsvendor’s optimal decision
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with respect of parameters such as unit cost c, carbon emission per unit product e and carbon W
except unit carbon trading price c,.

Proposition 3

Suppose that the newsvendor is risk-averse with a decreasing absolute risk aversion. Then,

1. ascand e increases, Q* decreases.

2. as W increases, Q™ increases.

3. the impact of p and c, is indeterminate.
Proof. Let A (TI(Q*, D)) denote Arrow-Pratt measure of absolute risk aversion ([26] and [27])
given by

w'(1(Q",D))
w(1(Q".D))

Which measures the risk aversion. Now, we need to see how the first-order of objective function

A(11(Q".D))=-

movesat @ with respect to c.

62
0Qac

A(1(Q",D))u'(11(Q", D))

© O,

E|u(r(Q.D)) ]l = —(j;u'(H(Q*, D)) (D)dD-Q"(c+c.e—s)
f (D)dD—Tu’(H(Q*, D)) f (D)dD-Q"(p-c-ce) TA(H(Q*, D))u’(11(Q",D)) f (D)dD <0

0 Q"

where the last inequality holds, since

_(c+cee—s)j;A(H(Q*, D))u'(H(Q*, D)) f(D)dD+(p-c-c.e) IA(H(Q*, D))U'(H(Q*, D)) f(D)dD <0

Due to the newsvendor’s decreasing absolute risk aversion over the profit. The result for e holds
by the same procedure as above. For W,

aQa;W E[u (H(Q’ D))J |Q:Q* - (C+Cee—S)?A(H(Q*, D))U'(H(Q*, D)) f (D)dD

0

0

—c,(p-c-ce) [A(I(Q",D))u'(T(Q",D)) f (D)dD >0

3

Where the last inequality holds same as the above. To see the impact of p, let’s see the following
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o E [u (T(Q, D))J |qu* =(c +cee—s)(j‘DA(H(

oQop [DA(11(Q".D))u(11(Q". D)) (D)dD

0

~(p-c—c.e) [QA(1(Q".D))u’(1(Q",D)) f (D)dD

o

DA(I1(Q",D)) . _ . . . .
,where is not predictable. So, the impact of p is indeterminate. To see the impact
of c,, let’s see the following

aggce E[u(11(Q.D))]l,_ =—jju'(H(Q*’ D)) f (D)dD (W _eQ*)(C"‘Cee—S)?A(H(Q*, o)v(n(0".0)

f(D)dD - Iu’(H(Q*, D)) f (D)dD+(W -eQ")(p-c-ce) TA(H(Q*, D))u'(11(Q",D)) f (D)dD

o

Since (W —eQ ) can be positive or negative, the impact of C is indeterminate.
Q.E.D
A little bit different from monotonic properties for unit cost c, carbon emission per unit
product e and carbon cap W in Proposition 3, the impact of unit selling price and unit carbon
trading price do not show the monotonic behaviour like the risk-neutral case. For the
indeterminate behaviour of the unit selling price on the optimal decision, simple example will be
shown in the section of numerical example for the comparison with the risk-neutral utility case.
This implies that risk-aversion significantly affects the optimal decision of newsvendor’s
decision under the carbon cap and trade regulation.

NUMERICAL EXAMPLE

In this section, we provide a numerical example to see the effect of risk aversion on the
newsvendor's optimal decision under carbon cap and trade. We consider the following simple

example of a risk-averse newsvendor whose utility function is u (X) =€ for the constant
absolute risk aversion where r is degree of risk aversion. For the random demand, let D = 0 with
p =0.25 and D = 100 with p = 0.75. Numerical data used for salvage cost (s), production cost (c),

selling price (s), Carbon emission per unit (e), carbon cap (W) and carbon trading price () are

as follows: S =0,c=15,p=40,e=0.5W =100,c, =2
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FIGURE 1
DEGREE OF RISK-AVERSION VS. OPTIMAL DECISION

Figure 1 shows the impact of the degree of the risk-aversion r on the optimal decision in
which the optimal decision is a decreasing function of risk-aversion. To verify this, we use five
values of r = 0.00001, 0.0001, 0.001,0.01,0.1. The result shows that increased risk-aversion lead
to higher optimal decision, which is proven by Proposition 1.

Figure 2 shows the impact if the salvage value s on the optimal decision in which the
optimal decision is an increasing function if the salvage value. To verify this, we use fifteen
values of s=0,1,2,3, ..., 13, 14. As a result, the impact of the salvage value under the carbon cap
and trade has a positive slope on the optimal decision which is proven by Proposition 2.
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FIGURE 2
SALVAGE VALUE VS. OPTIMAL DECISION
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FIGURE 3
UNIT COST VS. NEWSVENDOR’S OPTIMAL DECISION

Figure 3 and Figure 4 show the impact of the unit production cost ¢ and carbon emission
per unit e on the optimal decision in which the optimal decision is a decreasing function of the
unit production cost and carbon emission per unit. To verify them, we use fifteen values of s = 0,
1, 2,3, .., 13, 14 and e = 0.17, 09, 1.1, ..., 3,3. 3,4. As a result, the impact of the unit
production cost ¢ and carbon emission per unit e under the carbon cap and trade has a negative
slope on the optimal decision which is proven by Proposition 3.

Figure 5 shows the impact of the unit selling price p on the optimal decision in which the
optimal decision show the different behaviour depending on the newsvendor’s risk preference.
To verify them, we use fifteen values of p = 30, 32, 34, ..., 56, 58. As a result, the impact of the
unit selling price p under the carbon cap and trade has a positive slope on the optimal decision
for the risk-neutral newsvendor which is proven by Lemma 2. However, the optimal decision is
indeterminate with respect to p for the risk-aversion.
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FIGURE 4
CARBON EMISSION PER UNIT VS. NEWSVENDOR’S OPTIMAL DECISION
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UNIT SELLING PRICE VS. NEWSVENDOR’S OPTIMAL DECISION
DISCUSSION

In this paper, we consider a risk-averse newsvendor under the carbon cap and trade
regulation. An increasing and concave utility function for the risk-aversion is considered to
analyse the newsvendor model under the carbon cap and trade regulation. With this model, we
show that the risk-averse newsvendor's objective function under the carbon cap and trade is
concave so that there exists a unique optimal solution. After then, we go through the comparative
static analysis to see the impact of various parameters on the optimal decision. First, we show
that as the newsvendor's risk-aversion on the final profit increases, the optimal decision tends to
decrease. The most of newsvendor's parameters are quite intuitive and also have the similar
impact on the optimal decision as for the risk-neutral newsvendor. However, the unit selling
price has the different behaviour from the risk-neutral newsvendor. For the risk-neutral
newsvendor, the optimal decision is an increasing function of the unit selling price but, for the
risk-averse newsvendor, the unit selling price had an indeterminate impact on the optimal
decision.

As described in the literature review, there is no research for an operational decision
model which consider simultaneously customer’s uncertain demand, carbon cap and trade
regulation and the decision maker’s risk-averse behaviour. A better understanding and then
correct application of the decision maker’s risk-averse behaviour in real supply chain system
lead to the discovery that traditional risk-neutral assumptions should be modified and that more
practical operational model should be needed to correctly optimize supply chain system. So, the
contribution of this paper mainly comes from the consideration of the carbon cap and trade and
decision maker’s behaviour for the risk through the firm's operational decision process. Even
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though production and operations management with the carbon emission has been recently
studied in some literatures (Zheng et al., 2016, Yuan et al., 2018, An et al., 2018, Lee et al., 2018
and so on), the firm's risk-averse behaviour on the operational decision under the carbon cap and
trade regulation has not been studied so far but in this paper. Moreover, we show that some of
operational and carbon regulation parameters in the risk-averse operation significantly affects the
optimal decision under the carbon cap and trade regulation which is different from the risk-
neutral case. As seen in the result of this study, the operational decision depends monotonically
on the decision maker’s behavior on the risk. This result can be applied to the practical supply
chain system in which there are suppliers wither producing and selling the product or providing
raw materials to the newsvendor (retailer or manufacturer) under the carbon cap and trade
regulation. In this supply chain system, the supplier can make a better production decision or
inventory decision for materials by observing the newsvendor’s (retailer’s or manufacturer’s)
behavior on the risk. If the newsvendor’s perceived behavior on the risk from the past ordering
history to the supplier is higher, then the supplier would maintain lower inventory level
compared to the traditional risk-neutral condition which gives the supplier the chance to reduce
the inventory or production cost. Otherwise, the supplier would maintain higher inventory which
gives the supplier the chance to avoid the situation of stocking-out or lost-sales. Also, a result, in
which the operational decision is shown to be a function of the carbon price in the carbon cap
and trade market, can be used for the carbon emission policy maker such that the amount of
carbon emission, which is the linear function of production, can be reduced through increasing
carbon emission price by the policy maker.

CONCLUSION

The shortcomings in this study is that the model does not consider the supplier’s
production or suppling capacity. Actually, we implicitly assumed that the supplier has infinity
capacity. However, this can be extended for the finite capacity assumption. So, for the future
study, we can consider the supplier’s capacity issue. Moreover, the following issue can be
considered. In this current study, the carbon cap or allowance for the firm is assumed to be
exogenously given and single newsvendor is considered to analyse her/his operational decision
behaviour only. However, it can be extended such that multiple newsvendors are considered in
the carbon market, and such that both the carbon cap and carbon emission price are allowed to be
decision variables which should be decided by the policy maker before each risk-averse
newsvendor makes operational decision. Then, it is possible to analyse the situation in which a
policy maker makes an optimal carbon price and cap decision considering all remaining and
exceeding carbon emission allowances subject to each risk-averse newsvendor's operational
decision behaviour to minimize the total amount of carbon emission. This can construct the
Stackelberg-type game model between the risk-averse newsvendor and the policy maker which
can be an interesting but complicated model, which might be a complicated game-theoretic
system.
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