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Abstract: Motivated by the observation that firms investcarbon emissions reduction to
decrease the cost of carbon tax as governmentsmenmous countries increasingly implement
carbon tax to improve the environment, and broadarcher and practitioner agreement that
carbon tax implementation always benefits the emvirent. However, we find that a carbon
tax may actually hurt the environment based orylizetl game model with a better-informed
retailer (one who controls the demand informatibarshg with the manufacturer) and a
manufacturer. In particular, we find that the carbemissions reduction may harm the
environment if the carbon tax is moderate or bbthdarbon tax and the demand fluctuation
are high. We further reveal free-riding behaviortbg retailer, who may enjoy more profit
sharing from the supply chain in the presence dbaraemissions reduction. Based on these
observations, we argue that a carbon tax does Iwatya benefit the environment when a
manufacturer who receives demand information frbm retailer responds better to market

uncertainty.
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1. Introduction

To control carbon emissions, governments in nurmseecmwntries including Finland, Sweden,
Ireland, Canada, China, and some local governmantise U.S. (e.g., Washington State),
have enacted both carbon taxes and environmenmtaltta protect the environment (Fang et
al., 2020; Yu et al., 2020). For example, Canadaoses 15 USD per unit carbon emission,
and will improve to 38 USD per unit carbon emissian2022. However, Australia has
abolished the carbon tax since 2014, and insisiisdérbon tax has a negative effect on the
development.

Traditional wisdoms (e.g., Benjaafar et al., 20CBen and Hao, 2015; Luo et al., 2016;
Turken et al., 2017; Hong et al., 2018) explore ithpact of environmental policies like
carbon tax, carbon trade, and carbon quota on tpeahdecisions. These studies, however,
consider only how firms passively change their apienal decisions under environmental
policies, with no attention to how they proactivelyploit a reply strategy, such as carbon
emissions reduction. Hence, Jaber et al. (2013)etHd. (2016), and Yang et al. (2017) not
only developed reply strategies like carbon emissiceduction to evaluate the effects of
strategy on firm profits but considered the effgfotarbon emissions reduction on operational
decisions. All these studies assume the retaildrthe manufacturer involve in symmetric
information.

In practice, downstream retailers often have bettirmation of the market demand
than upstream manufacturers. Advances in informatghnology not only provide retailers
with rich product sales data that informs them aboarket demand (Shang et al., 2016) but
allow them to share such information with their gigrs to improve the supply chain’s
operational efficiency (Chu and Lee, 2006). Ondhe hand, information sharing reduces the
bullwhip effect, which helps supply chain partnbsld better alliances with each other (Lee
et al., 1997); on the other, it enables suppliefsetter determine their wholesale prices (Jiang
and Hao, 2016). Such information sharing betwetsilee and supplier is very prevalent in
certain industries; for example, the fashion industLands’ End and giant retailing chains
Costco and Targe, who provide their suppliers wimand (Keifer, 2010) and point-of-sales

(POS) data, respectively. Similar practices arernomamong home improvement, grocery,
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and electronics firms, although according to FaeteResearch (Shang et al., 2016), about 73%
of 89 retailers in Europe and North America havecontract to share their POS data with
their suppliers. The lack of an incentive to sheteams from a double marginalization effect
(Li, 2002; Zhang, 2002) that prompts a supplier wéceives demand information to raise its
wholesale price, thereby sharpening the conflitivben supplier and retailer. Following two
early studies on supply chain information sharigd-b(2002) and Zhang (2002), research on
this topic has become particularly extensive iremtgears with a focus on the dual-channel
supply chain (Yue and Liu, 2006), confidentialitgtween partners (Li and Zhang, 2008),
production modes (Mishra et al., 2009), inter-chedmpetition (Ha et al., 2011; Guo et al.,
2014a; Shamir and Shin, 2015; Ha et al., 2017),cafldborative new product development
(Jha et al., 2017). The above studies focused w@ilenes share their information with their
suppliers whether or not, however, they ignore ritle of information sharing on carbon
emissions.

Contrary to the conventional wisdoms, the maim of this study tries to reveal
whether carbon tax may hurt environment in supgigircs under asymmetric information.
We try to examine the effect of carbon emissiorducgon on the supply chain and the
environment under carbon tax when governments ex@abbn tax, and provide governments
suggestions for carbon tax. In particular, we dee&nswer several related key questions: i)
Does a retailer has an incentive to share its mddion with manufacturer under a carbon
tax? ii) Once a retailer has the incentive to shafermation with the manufacturer, what
benefit does information sharing have for the maaouirer, the retailer, the supply chain,
consumer surplus, and social welfare? iii) Does anufacturer actually invest in carbon
emissions reduction, and if so, who enjoys morditpsbaring from the supply chain than
when no carbon emissions reduction occurs? iv) Wheffect of carbon tax on the

environment?

2. Modd

In order to investigate the effect of carbon enoissireduction on the environment in the

uncertain market, we consider the scenario in whigh manufacturer does not invest in



carbon emissions reduction as the benchmark, aewl tlonsider the scenario where the
manufacturer invests in carbon emissions reduatinter the cases of information sharing
and no information sharing, respectively. We firstixplore whether the retailer has an
incentive to share information with the manufacatufidie retailer shares information only if it
benefits from information sharing. Then we exantime effect of carbon emissions reduction
on bargaining power between supply chain membegstla® environment in the uncertain
market. More specifically, the improved bargainmgpws the retailer more profit sharing
from the supply chain, and larger amount of carbimission hurts the environment. Next, we
give the demand functions and the information $tmec

2.1 Demand function

The supply chaing) in our model consists of an upstream manufact{iM@mwho produces a
product and sells it at a wholesale prig¢ to a downstream retaileR). The retailer then
sells the product at a retail pricp to consumers. The consumer demand functg)ns(

uncertain and modeled which is widely adopted b{20i02) and Zhang (2002) as
q(p)=a+e-p (1)
where a>0 is the market base ané& is a stochastic variable with zero mean and a

variance 0, with a larger o representing larger fluctuations in demand.

2.2 Information structure

Similar to the current information sharing litenaguwe assume that the retailer can

acquire a demand signaf , which is an unbiased estimator &f; that is, E[Y|£} =€.

This signal is private information to the retailemo can decide whether or not to share it
with the manufacturer. We further assume that #peetation of £ conditional on the signal
Y is a linear function of the signal. The structineludes several prior-posterior distribution

pairs, including normal-normal, beta-binomial, ayaanma-Poisson. Once the signal accuracy

is defined ast :]/E[Var [Y| 8]] , then, based on Ericson (1969),

to? 2 to*
E[ev]= =Y, E[(E[£|Y]) } =



We use [ to denote the carbon emissions unit of producing product before the
manufacturer invests in carbon emissions reduciibe. manufacturer incurs a cost of carbon
tax [ per unit product, with7 representing the unit carbon tax charged by the
government. After the manufacturer invests in carteduction, the unit carbon emissions is

reduced to S—0O, where J is the carbon emissions reduction. The carbon siomis

reduction cost for the manufacturer is th&0?, where a smallerk represents the higher

carbon emissions reduction efficiency at the saartban emissions reduction. The quadratic
cost function that characterizes the diminishinwinre of carbon emissions reduction (Ha et

al., 2017). In order to guarantee positive demamtl Garbon emissions reduction below the
initial unit carbon emissions like Ha et al. (201&e assume thaa > /6K = Sr. The

similar assumption is commonly made in the openatimanagement literature (cf. Li and
Zhang, 2008; Ha et al. 2017). This latter, like tmear consumer demand function (cf.
Savaskan et al., 2004) and linear information sinec(cf. Li, 2002; Zhang, 2002; Shang et
al.,, 2016; Ha et al.,, 2017) used above, is extehsiadopted across the supply chain
management literature. To avoid mathematic complexvoth the manufacturer’s unit
production cost and the retailer’s retail costassumed to be zero, although our main results
still hold even when these costs are set to fx@@upeters. Different from the conventional
wisdoms (cf. Li, 2002; Zhang, 2002; Shang et a01& Ha et al., 2017) on information
sharing, we consider the case where manufacturemssts R&D in carbon emissions
reduction.

As in most supply chain management studies, wenasghat the manufacturer and the
retailer are profit-maximizing and risk-neutral ton makers. We also assume that all
information except for the demand signd is common knowledge for both the
manufacturer and the retailer. The time line of tieame is displayed in Fig. 1. The
manufacturer first decides whether or not to invMastarbon emissions reduction, before
which the retailer decides whether or not to shdemand forecast information with the

manufacturer. The manufacturer then determinesvti@esale price to the retailer and the



carbon emissions reduction level if this lattertasinvest in carbon emissions reduction.

Finally, the retailer sets the retail price basediee demand forecast information.

Manufacturer decides Retailer decides to Manufacturer determines Retailer sets the retail
to invest in CE share its demand the wholesale price and price based on its
reduction or not information or not CE reduction (if any) demand information
I ! ! | 3
>
Stage 0 Stage 1 Stage 2 Stage 3

Fig. 1. The time line of the game

3. Reaults

3.1Benchmark model (B): no carbon emissionsreduction

This section analyzes the benchmark model withadban emissions reduction under two
cases: no information sharing and information sttariunder the former, because the
manufacturer receives no demand information froenrtiailer, the expected profit functions

for the manufacturer and retailer are
Man = E[(w=pr)a]. (2)
na, =(p—w)(a+ E[£|Y]—p). (3)
Where M3, (k =R, M,S) denote the ex ante profit a¢ under no information sharing in

Model B. We use standard backward induction toestihe Stackelberg game by first solving
the retailer's problem, and then substituting pat@ms accordingly and solving the
manufacturer’s problem. The following lemma giveg equilibrium under no information

sharing and explores the effect of demand signahemptimal decisions

Lemma 1. In Model B, with no information sharing, the maacturer's optimal wholesale

price is

_at+pfr
NI 2 .

The retailer’s optimal retail price is

. Ba+2E[dY]+pr
Pni = 4 :




Intuitively from Lemma 1, whereas the optimal refaiice is relevant to the demand
signal, the optimal wholesale price is unrelatecalbse the manufacturer receives no demand
signal from the retailer. Given the optimal deaisipwe can compute the ex ante profits of

the manufacturer, retailer, and supply chain in #msence of information sharing (let

I'IENI (k =R, M,S) denote the ex ante profit df under no information sharing in Model

B):
2
ng, =2=A @
8

. _(a-pr) to*
M , 5
RNI 16 +4(1+t0'2) (5)
I_ISBNI _ 3(a—,BT) + to? )

16 4(1+t0?)’
In the presence of information sharing, in confrie manufacturer does receive demand

information from the retailer and can determine Wielesale price based on the demand

signal. Then, the profit functions for the manutset and retailer are
Mhs =E[(w-Br)dY], )
I‘I2|S=(p—w)(a+E[£|Y]—p). (8)
Using a method similar to that for Lemma 1, we obthe following equilibrium under

information sharing:

Lemma 2. In Model B, with information sharing, the manufaer’s optimal wholesale price

is
a+E[ el |+pr
IS = 2 '
The retailer’s optimal retail price is
o 3(a+ E[£|Y}) +0r
Ps = 4 .

This latter differs from Lemma 1 in that with infoation sharing, the optimal wholesale

price is related to the demand signal acquirechibymianufacturer from the retailer. We also



know from Lemmas 1 and 2 that the manufacturereizm®es the wholesale price based on this
demand signalY after receiving the information from the retailésiven the optimal

decisions in Lemma 2, we can derive the ex antéitprof the manufacturer, retailer, and
supply chain in the presence of information shaiiet I'IE,S(k =M, R,S) denote the ex

ante profit of k under information sharing in Model B):

B _ to* +(a—,6’r)2

= , 9
MIS 8(l+t02) 8 ®)
o __ to*  (a-pr) 10)
RIS 16(1+t02) 16

o __ 30*  3-pr) a

16(1+t0?) TS

Based on the manufacturer, retailer, and sugipdyn ex ante profits in Eqg. (4-6) and Eq.
(9-11), we can explore the information sharing sieai of the retailer and investigate its
effects on the manufacturer and supply chain. €baltis summarized in Proposition 1.
Proposition 1. In Model B, information sharing hurts both the ietaand the supply chain
but benefits the manufacturer.

Proposition 1, whose underlying rationale is thatoimation sharing allows the
manufacturer to determine its wholesale price npexisely, is consistent with the extant
literature on information sharing in supply chafesy., Li and Zhang, 2008; Ha et al., 2011).
Based on this information, however, the manufacturereases the wholesale price, which
sharpens the double marginalization effect and gsvthe retailer from benefiting from
information sharing. As a result, more pronouncedhble marginalization problem not only
hurts the retailer but also harms the supply clvaithe communicative supply chain. This
implies when the manufacturer does not invest ibaaemissions reduction, the retailer has
no incentives to share demand information with nf@nufacturer, which is consistent with

the literature about information sharing (Yue amg, R006; Ha et al., 2011).



3.2Modéd C: with carbon emissionsreduction
When we analyze the model with carbon emissionsatéash under the same two cases of no
information sharing and information sharing, thepeoted profit functions of the

manufacturer and retailer under the former are
ne, :E[(W—(,B—J)r)q—KJZ], (12)
HEN,:(p—W)(a+E[5|Y]—p), (13)
and the equilibrium is as summarized in Lemma 3.

Lemma 3. In Model C, with no information sharing, the maattiurer's optimal wholesale

price and carbon reduction level are

» :a(4K—r2)+24K,8T7 5 ZW-
8K -1 8K -1

The retailer’s optimal retail price is
4K —1°)+ 4K Br
2(8K -1?)

PN =%(a+ E[SIY]) + al

Intuitively, under this condition of no informatiasharing, the carbon reduction level is

unrelated to the demand signal received by the faatwrer from the retailer. Let
Me, (k =R, M,S) denote the ex ante profit df under no information sharing in Model C.

Then, based on Lemma 3, we can compute the expaofiés for the manufacturer, retailer,
and supply chain when the manufacturer investsarban emissions reduction but no

information is shared:

. _K(a-pr)
rlMNI - 8K -2 (14)

1 to* | 4K?(a-pgr)’
ngNI_Z(1+tO_2)+ (8K—Z’2)2 ’ (15)

2
. 1t +K(a—,8r) (12x -7°)

I_ISNI - 2
4 (1+t02) (8K - 2.2)

(16)



On receiving the demand information from the retaithe manufacturer can make its

decisions based on the demand signal. The mantéaend retailer profit functions are then
Mis =E|(w-7(8-8))a-Kd|Y |, (17)
Nes=(p-w)(a+E[£]Y]-p). (18)
The equilibrium under information sharing is sumized in Lemma 4.

Lemma 4. In Model C, with information sharing, the manufaetts optimal wholesale price

and carbon reduction level are

. (a*E[elV])(ak -7%)+ 4k pr
Wis = 8K — 12 v Os =

(a+ E[ Y | —ﬁr) r
8K —r? '

The retailer’s optimal retail price is

(a+ E[£|Y])(6K - rz) + 2K Br
Ps = :

° 8K -2
According to Lemma 4, the optimal carbon emissim@uction level increases with the

demand signal acquired by the manufacturer fromrgteeler. Lemma 4 also shows that when

the carbon tax is low, i.e.T < 2\/E, the wholesale price increases with the demanuhbig

When the carbon tax is high, i.e2/K <7 <+/6K , however, the wholesale price decreases

with the demand signal. On the one hand, the matwrr always improves the wholesale
price which makes the double marginalization probleore significant with no carbon
emissions. On the other hand, the value of carlmisstons reduction is more in largef
which induces much higher demand. Intuitively, ti@isult hinges on the tradeoff between the
double marginalization effect and the carbon emissireduction benefit with manufacturer
investing in the carbon emissions. That is, whea tarbon tax is low, the double
marginalization effect dominates the carbon emissi@duction benefit, so the manufacturer
is better off because of the increased wholesabe pWWhen the carbon tax is high, however,
the carbon emissions reduction benefit dominatesdituble marginalization effect, so the

manufacturer is better off because of the decreabetkesale price.
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Let I'Iﬁs(k:R, I\/I,S) denote the ex ante profit df under information sharing in

Model C. Then, based on Lemma 4, the ex ante prfufitthe manufacturer, the retailer, and

the supply chain under information sharing canxyessed as follows:

ﬂ:\:/us:ﬁ (a—ﬂT)2+(liLt0_2) J (19)
2 4
ngls:(KAr% (a_lgr)2 +ﬁ ; (20)
- _Kax-7)[ ., to*
SS‘W (a-pr) m , (21)

Next we need to answer the first key question, maméether the retailer has an incentive to
share the demand information with the manufacturemarticular, if information sharing
benefits the retailer, we can say that the retdi@s an incentive to share the demand
information; otherwise, the retailer has no inoadito share the demand information. And
from these results in Eq. (14-16) and Eq. (19—2&)pbtain Proposition 2.

Proposition 2. In Model C,

() information sharing always benefits the mantideer;

(i) information sharing hurts the retailer <7 < 2\/R but benefits the retailer if
2JK <7 <J6K ;

(iii) information sharing hurts the supply chain@f< 7 < 1/(6— 2\/_5) K but benefits the

supply chain if (6— 2\/?3) K <r<J6K .

Proposition 2 confirms that, as in Propositionfdr the benchmark model, the
manufacturer always benefits from information shgrbecause the demand information
helps it to precisely determine the wholesale paicd carbon reduction level. Proposition 2
also suggests that whether information sharinglwitt or benefit the retailer depends on the
level of carbon tax. That is, intuitively, the ooie depends on the tradeoff between the

double marginalization effect and the carbon emissireduction benefit. When the carbon
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tax is low, the double marginalization effect doatas the carbon emissions reduction benefit,
so the retailer is worse off under information #h@arthan under no information sharing
because of the increase in wholesale price. Whegdhbon tax is large, however, the carbon
emissions reduction benefit dominates the doublegimalization effect, so the retailer is
better off because of the decrease in wholesate pri

To illustrate the results more clearly, we considescenario in which the carbon tax is
sufficiently high. Intuitively, the optimal stratedor the manufacturer is to invest more in
carbon emissions reduction and determine a low e@dadd price so that more consumers will
purchase the product. The manufacturer choosestifaitegy under information sharing but
not under no information sharing. On the other havitkn the carbon tax is sufficiently low,
the manufacturer’'s optimal strategy is to invesslen carbon emissions reduction and set a
high wholesale price. Under information sharingwheer, the manufacturer sets a low
wholesale price.

Proposition 2 further shows that, contrary to tinelihgs of Li and Zhang (2008) and Ha

et al. (2011), information sharing can create awiim outcome for both the manufacturer and
the retailer when the carbon tax is high, i.e> 2V K . It also reveals that information
sharing is more likely to increase the supply cisgmmofit than the retailer’s (with a threshold

value of (6— 2\/_5)K = 1.24/?, which is smaller than the threshold value %{R).

Thus, when (6—2\/_5)K <1< 2/K , both the manufacturer and the supply chain are
better off because of information sharing. In ttése, the manufacturer can obtain demand
information by paying the retailer fee; however, emhr < (6—2\/_5)K , only the
manufacturer is better off because the decreasepply chain profit prevents information
sharing.

Whereas the analysis so far has explored the sffettinformation sharing on the
manufacturer, the retailer and the supply chain, neer analyze its effect on consumer

surplus and social welfare. Because the demanalsilgat is part of our model’s production

guantities is a stochastic variable, we computegaheo factors using an expectation value.
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More specifically, following He et al. (2016), wesai Lemmas 3 and 4 to compute the
expected consumer surplus under conditions of fiormmation sharing and information
sharing:

1 to* | 2K*(a-pr)

c_p|1 _nc V=2
CS\1|_E|:2(a+£ pN|)} 8(1+t0‘2)+ (8K—z'2)2 J (22)

c |1 e\ |- 2K? PRY: to*
CSS—E[E(ME p.s) }——(SK_TZ)zl(a Br) +—(1+t02)]. (23)

Similarly, because social welfare generally cossist the manufacturer's profit, the
retailer's profit, and consumer surplus (He et 2016), we can use Lemmas 3-4 and Eq.

(22-23) to compute social welfare without and vitformation sharing:

a0' | K14k -7*)(a-pr)’

C_pAc Cc _
SIVNI _rlSNI +CSN| - 8(1+t02) (8K —T2)2 ’ (24)
S/VC—HC +CSC—M (a—'gr)2+i 25
Is —''sis IS~ (8K—T2)2 (1+t0’2) . (25)

Then, based on Eq. (22-25), we can explore thectsffef information sharing on both
consumer surplus and social welfare, and summd#rezessults in Proposition 3:

Proposition 3. When the manufacturer invests in carbon emissiedgction,

(i) information sharing benefits consumer surpfus?'t/? <1 <+/6K but hurts consumer

surplus if 0<7< 2JK :

(i) information sharing benefits social welfare if

%,/(15—3/T())K <r<J&,

but hurts social welfare if

0< rs%/(lS— 3/TC)K ~ 1.57K .

13



Traditionally, high taxes are widely recognized Harm consumer surplus through
increased retail prices (Marshall, 1982), but eséngly, Proposition 3 finds that a high
carbon tax may benefit consumer surplus. This o#uitively be attributed to information
sharing between the manufacturer and retailer weaggethe double marginalization effect
when the manufacturer may decrease the wholesie. fdihis latter induces the retailer to
reduce the retail price, which benefits the consusueplus. Proposition 3 also reveals that

although information sharing affects the consumanplss for the retailer (as shown in

Proposition 2), when the carbon tax is lo@<T< 2\/R, this effect is converse to that for
the manufacturer because the low carbon tax playsir@mal role in reducing the
manufacturer’s carbon emissions. In fact, thiefathiduces the manufacturer to increase the
wholesale price, which hurts the consumer surghusposition 3 thus further reveals that,
from a social planning perspective, informationratgahas a similar effect on social welfare
as on consumer surplus in that a high carbon takeres the double marginalization effect.
Whereas Propositions 2 and 3 together undersceralifferences in information sharing

preferences among the different players, by sunazimarithe main findings in Fig. 2 with
[ =1, we show that although retailer, manufacturer,pgughain, consumer surplus, and
social welfare preferences in most regions differone region, all players’ benefits are
consistent when carbon tax is sufficiently high. rlo specially, Xg-XxS >0

(x=R,M,SC,CS,SW) means that the retailer’s profit, the manufaataregrofit, the
supply chain profit, the consumer surplus, and gbeial welfare increase with carbon
emissions reduction, respectively; otherwise, théans the profit, the consumer surplus, and
the social welfare decrease. This observation atdgcthat information sharing has the ability
to coordinate the preferences of all players. Wsp alote that the coordinated region
diminishes as the carbon emissions reduction casinpeter increases and even vanishes
when it becomes relatively hard to raise the cadaoissions reduction level. In this case, the
manufacturer does not want to invest more in cadoissions reduction and increases the
wholesale price to cover its cost, which sharpbesdouble marginalization effect. When the

carbon tax is not sufficiently high, however, aligb information sharing benefits the

14



manufacturer and may benefit the supply chain actbwelfare, it always harms the retailer

and consumer surplus.

=JK ~(6—273) K
__F% (15-3/10)k — =/6K
’ /
R|,M?,SCT,CS|,SWt_ //
S
2| RI,M1,SC1T,CS|, swl\ /
h /

R|, M1, SC|,CS|,SW|

Note: xt (1),x=R,M,SC,CS,Sw denotes xg - x;, >0(<0)

Fig. 2. Summary of information sharing’s effects on reta{R), manufacturer (M), supply

chain (SC) consumer surplus (CS) and social welfare (SW).

4, Effectsof carbon emissionsreduction

Having characterized the retailer’'s informationrgig strategy and investigated its effect on
the manufacturer, supply chain, consumer surplod,sacial welfare, we now evaluate the
effect of carbon emissions reduction on the manufac and retailer, and compare it to that
when carbon emissions reduction is absent. Usirgg dimple evaluation criterion of
comparing each player’s profits under no carborssioins reduction versus carbon emissions
reduction, we show not only that carbon emissioesluction always benefits the
manufacturer but that it also benefits the retdder the proof of Proposition 4). This finding
indicates free-riding behavior by the retailer whiére manufacturer invests in carbon
emissions reduction. That is, the manufacturer cesltthe carbon emissions tax cost to
increase profits, which also induces it to lowes ttholesale price. As a result, the retailer

profit increases more than in the case of no cadmoissions reduction.
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Nevertheless, even though both the manufactamer the retailer benefit from carbon

emissions reduction, it is still unclear who gamere profit sharing from the supply chain

relative to the case of no carbon emissions redluctietting pS,, denote retailer profit

sharing in Model B with no information sharing anaf, (,oRcls)denote it in Model C with

no information sharing (information sharing), then,

(a-pr)’+4T . _ 4K

3(a-pr)" + 4T Prs ok =17

B _
pRNI -

(8K -72)'T +16K2(a- pr)’
(8K -72)'T + 4K (1K - 7%)(a- Br)*

c _
pRNI -

where T = t54/(1+t52). Based on these results, the following proposifommarizes our

main finding.

Proposition 4. Relative to the case of no carbon emissions remtydhe retailer gains more

profit sharing from the supply chain under carbatissions reduction. That iy, > Ogy;
if T<T, and 0s7<2/K; pSe> 08, if T<T, and 2JK <7 <+/6K , where

_ 2 2 _ 2
ot L _2K(a-pr) o _r’(a-pr)

T1+t0 Y 8K >4k -1?)

We depict the results of Proposition 4 in Fig. Beve a=5,=1K = 2. Although it is

well known that the manufacturer gains more piieiring than the retailer under carbon
emissions reduction than under no carbon emissazhsction, the results reveal that the

retailer may gain more profit sharing from the dymhain when the fluctuation in demand is

relatively small (i.e., whenl is an increasing function irUz). The rationale for this

outcome is that following carbon emissions redumtibe retailer enjoys a cost reduction in
wholesale price that the manufacturer does notvecas a result, the retailer may obtain
more profit sharing from the supply chain after t@nufacturer invests in carbon emissions
reduction. When the demand fluctuation is suffitielarge, in contrast, the cost reduction

advantage is insufficient to cover the disadvant#fgeemendous demand fluctuation. Hence,
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the retailer cannot obtain more profit sharing friti@ supply chain. To illustrate, we consider

a special case of infinite demand quctuatioﬁ,-» o, in which the manufacturer invests

more in carbon emissions reduction and increasewlhiolesale price. This latter reduces the
retailer’s profit margin and reduces its profit shg from the supply chain. In other words,
the carbon emissions reduction improves the matwris bargaining with the

better-informed retailer.

6 The retailer obtains less profit
. sharing of supply chain

The retailer obtains more
profit sharing of supply chain

0 1 2 3 4
T

Fig. 3. lllustration of the Proposition 4 results
The carbon emissions is closely relative with thgoon tax. To help the government set
the carbon tax to reduce the carbon emissionsrbetieh improves the environment, we
should evaluate the environmental impact aftemtld@ufacturer invests in carbon emissions

reduction. Because the optimal quantities are stteh about the demand sign¥l, we

define environmental impact in terms of ex anteusal Letting EI;, denote the

environmental impact in Model B and usirigl ;, and EI S to denote it in Model C under

both no information sharing and information shayitgn

17



El =E[Zﬁqﬁl]=M,

4
R
c c\ ~C 2(TK 27K (a-pr)(8K —afB
EI'S:E[Z(ﬂ_ds)qﬁ]:_(8KZ_TT2)2T+ (a(8KT_)£2)2 apr)

where ¢ is the unit environmental impact. Without lossgenerality, we set{ =1, and

based on the above results, derive the followimg@sition:

Proposition 5. Compared to the case of no carbon emissions riedythere exists a
threshold value of , the unique root of f (r)=pBr (16K - 12) -&K =0 in [0, ZJR] ,
at which carbon emissions reduction benefits therenment if (i) O< 7 < I or (i)

T<T, and 2\/E<r< 6K , where

(a-pr)(pr(16K -7%) - gaK )
8K '

T, =
Conversely, carbon emissions reduction harms thieemment if
() 7' <r<2JK or(i) T=T, and 2JK <7 </6K .
Proposition 5 helps the government to better desggbon tax policy. One can expect
that the carbon emissions reduction always hadiy®smpacts on the environment under

carbon tax, practically this is not true. In pautar, the carbon emissions reduction may harm

the environment if the carbon tax is moderate athbibe carbon tax and the demand
fluctuation are high, as illustrated in Fig. 4, whea =5, =1K = Z. The intuition can be

explained as follows. The amount of carbon emissorcomprised of the unit carbon
emission and the demand, and larger demand leaddaer amount of carbon emission,
which harms the environment. According to the Hgwhen the carbon tax is high, as
Proposition 2 shows, the carbon emissions reductienefits dominate the double
marginalization effect, namely, decrease in whdéesarice weakens the double

marginalization effect. In response, the retaileduces its retail price, which increases
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demand. As a result, the amount of carbon emigsiterger when the manufacturer invests

in carbon emissions reduction, which harms the renment. Nevertheless, Fig. 4 further

indicates that a largel equals a large demand fluctuatiom®, which induces the

manufacturer to increase its wholesale price amd the retailer to improve its retail price,
thereby decrease demand. As a result, when botbait®n tax and the demand fluctuation
are high, the carbon emissions reduction makesritigonment better off.

On the other hand, this study adds significangimsi to the extant literature by revealing
the possible negative impacts of carbon tax orethvironment. Traditionally, studies have
tended to argue that carbon tax is either goothi®environment (Jin, 2014; Bouchery et al.,
2012; Floros and Vlanchou, 2005) or has no sigaifiémpact on it (Lin and Li, 2011;

Bruvoll and Larsen, 2004). Recent work by Li et(2015), however, finds that a carbon tax
might have a contingent effect (i.e., either goodat significant) on the environment under
different conditions. Nevertheless, very few stediecognize that, in some cases, the
environment may be worse off because of a carban ta

This study also extends the literature on carbanbtashowing that it is a moderate
carbon tax that might undermine the environmentt, ¥arrent research offers no widely
accepted criteria for classifying low, moderated &igh carbon taxes, meaning that different
studies employ different classification criteriagie Zhang et al., 2016; Li et al., 2015; Guo et
al., 2014b). This lack of accepted standard isreason why our study findings refute those
of Guo et al (2014b), who argue that a moderatboratax can effectively protect the
environment. In fact, Guo et al (2014b) only pravid subjective definition of a moderate
carbon tax in the Chinese market context withostifiying its rationale or citing official
government criteria. Nor do they explain the comapdity and applicability of their
classification standard in other countries. Fomepla, when the purchasing power parity of
different currencies is taken into account, a matdecarbon tax in China might be a low or
high tax in other countries, which reduces the digli of their conclusions. With our
Proposition 5, in contrast, we formally demonstitate need for government policy design to

consider the potentially negative impacts of a cartax to the environment.
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Fig.4. lllustration of Proposition 5

5. Managerial insights and suggestionsfor carbon tax

Nowadays, as the governments, such as Finland, éwddeland, China and Canada,
increasingly enact carbon tax in order to reduabara emissions, manufacturers not only
passively change their operational decisions, taa proactively exploit a reply strategy,
such as investment in carbon emissions reductionthis study, on the one hand, we
characterizes the environment where the rapid dpwednt of information technologies allow
retailers to have better information of the madetand than upstream manufacturers in the
big data era; on the other hand, our findings camvige helpful suggestions for the
governments better to set carbon tax to benefietheronment. Hence, we comprehensively
examine how all kinds of factors, such as the ntadkeertainty, carbon tax and carbon
emissions reduction affect the firms’ decisions tra@environment, which is not examined in
the prior literature. We explore the retailer'samhation sharing decisions in the case where
the manufacturer invests R&D in carbon emissiorduecdon, and the impact of carbon
emissions reduction on the environment.

We explore whether the better-informed retailer hasincentive to share the demand
information with the manufacturer in the uncertaiarket, and find that the manufacturer’s

reply strategy (i.e., carbon emissions reductioad b pronounced effect on the retailer’s
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decisions on information sharing. Even if informati sharing makes the double
marginalization problem more significant betweewr tietailer and the manufacturer like
traditional wisdoms (Yue and Liu, 2006; Ha et &011), carbon emissions reduction can
militate the double marginalization. As a resuig tetailer may has an incentive to share the
demand information with the manufacturer only i tmanufacturer invests R&D in carbon
emissions reduction. More specially, the retaileares information with the manufacturer
when the carbon tax is sufficiently high in the gmece of carbon emissions reduction,
whereas the retailer still has no incentives toreshthe demand information with the
manufacturer in the absence of carbon emissionsictieth. These findings not only
contribute to the literature on information shar{pygie and Liu, 2006; Li and Zhang, 2008;
Mishra et al., 2009; Ha et al., 2011; Guo et &14x; Shamir and Shin, 2015; Ha et al., 2017),
but also explain why some retailers have incentitesshare information with the
manufacturers in the survey by Keifer (2010) andésier Research (Shang et al., 2016).

One expects that if the manufacturer receives fayrimation, the better-informed retailer
has a stronger bargaining power in the supply ¢han the retailer gains more profit sharing
from the supply chain. But this is not true. Whiea fluctuation in demand is relatively large,
carbon emissions reduction allows the manufacttoegain more profit sharing from the
supply chain. This implies that in the uncertainrkeg the uninformed manufacturer can
improve its bargaining with the better-informedaiketr through proactive reply strategy, such
as R&D in carbon emissions reduction.

Then we investigate the effect of carbon emissiaakiction on the environment in the
uncertain market, and surprisingly find that thenofacturer’s carbon emissions reduction is
not always beneficial to the environment if goveemts’ carbon tax rate is under some
conditions. The intuition is that in our study, thmount of carbon emission consists of the
unit carbon emission and the demand. As traditisnsdioms (Yue and Liu, 2006; Ha et al.,
2011) said, information sharing makes the doublegmalization effect more significant, and
further find that the greater the fluctuation inndend, the more serious the double
marginalization; on the other hand, high carbon leads to much investments in carbon

emissions reduction in order to decrease the dosarbon tax, which alleviates the double
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marginalization effect. Hence, for high carbon t@arbon emissions reduction benefit
dominates the double marginalization. As a respotise retailer reduces its retail price,
which increases the demand. In other words, highoratax may lead to a larger amount of
carbon emission because of the manufacturer’s imezds in carbon emissions reduction. As
a result, the effect of carbon emissions reduatiorthe environment is decided by both the
carbon tax and the demand fluctuation. More spgcidle moderate carbon tax or the high
carbon tax in the market with the high demand flatibn may hurt the environment because
of larger amount of carbon emissions in the uncertarket. These findings add insights to
literature on carbon tax (Jin, 2014; Bouchery et28112; Floros and Vlanchou, 2005; Lin and
Li, 2011; Bruvoll and Larsen, 2004; Li et al., 20y revealing that the carbon tax can has
an adverse effect on the environment; this studythe other hand, tells us that only if the
governments set carbon tax to reduce carbon emijssiwuld they take into account the
manufacturer’s reply strategy, such as R&D in carbmissions reduction and the retailers’
ability about information prediction in the uncemtamarket. In particular, when
manufacturers invest R&D in carbon emissions rddocgovernments’ optimal decisions are
to set a low carbon tax rate or decide a high catbr rate in the uncertain market with the

low fluctuation.

6. Conclusons

With environmental legislations and carbon tax bemtroduced by ever more countries, a
growing number of firms have begun investing in R&Dreduce carbon emissions. Yet,
contrary to the conventional wisdom, this studyesds that a carbon tax is not always
beneficial to the environment in a supply chainhwat better-informed retailer. When the
manufacturer does not invest in carbon emissiotigateon, we find that information sharing

always hurts the retailer but always benefits tlaufiacturer. It also hurts the supply chain
because of the double marginalization effect. Om ¢ther hand, when the manufacturer
invests in carbon emissions reduction, informatsiaring occurs when the carbon tax is
sufficiently high and benefits the supply chainnsamer surplus, and social welfare. As a

result, information sharing has the ability to atipate preferences among the retailer,

22



manufacturer, supply chain, consumer surplus, athiswelfare. This coordinated region,
however, diminishes or vanishes as the cost paemn@ft carbon emissions reduction
increases. When the carbon tax is low, in conttastjnformation sharing preferences of all
the players differ substantially dependent on lleghcarbon tax and the cost parameter of the
carbon emissions reduction. We further reveal ndy dhat carbon emissions reduction
benefits both the manufacturer and retailer, bat the retailer may engage in free-riding
behavior and gain more profit sharing from the $ymbain than in the case of no carbon
emissions reduction. Nonetheless, carbon emissemhsction may hurt the environment by
encouraging the production of more goods thanémih carbon emissions reduction scenario,
especially when the carbon tax is moderate. Thezefvernments need to be careful when
deciding upon a carbon tax rate.

Our study could be extended in several possibextions, including the adaptation of our
monopolistic market structure model to examine cetitipn between two or more retailers in
the same supply chain. An interesting alternativailel be to investigate competition in
carbon emissions reduction between two or more faaturers. A third possibility, given our
finding of carbon emissions reduction’s benefit ttee retailer, would be to consider
cooperative carbon emissions reduction betweemtrgufacturer and retailer. In addition, it
is also reasonable to consider the subsidy policgtber environment policies, including
cap-and-trade system and carbon footprint for gadmission reduction technology.
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