
Scientific	Journal	of	Economics	and	Management	Research																																																																							Volume	4	Issue	1,	2022	

	ISSN:	2688‐9323																																																																																																																										

378	

Green	Marketing	Strategies	of	Supply	Chain	and	Incentive	
Contracts	Considering	Product	Green	Degree	and	Sales	Effort	

Xiaoyue	Miao*	

School	of	Management,	Shanghai	University,	Shanghai	200444,	China	

Abstract	
This	paper	investigates	a	two‐echelon	supply	chain	consisting	of	a	single	manufacturer	
and	 a	 single	 retailer.	 Considering	 product	 green	 degree	 and	 sales	 effort,	 we	 study	
whether	 manufacturer	 and	 retailer	 take	 green	 marketing	 strategies	 and	 further	
examine	how	manufacturer	and	retailer	establish	incentive	contract	respectively	under	
the	 equilibrium	 market	 to	 maximize	 profits.	 We	 construct	 Stackelberg	 game,	 and	
explore	the	impact	of	important	parameters	on	the	optimal	decisions,	and	compare	the	
optimal	decisions	 in	 the	 incentive	contract	and	 in	 the	non‐incentive	contract	 through	
numerical	study.	The	results	show	that	it	is	more	advantageous	for	both	manufacturer	
and	retailer	to	choose	to	take	green	marketing	strategy	compared	with	only	one	member	
taking	green	marketing	strategy.	Besides,	Cost‐sharing	contracts	can	effectively	achieve	
supply	 chain	 coordination.	When	manufacturer	 and	 retailer	 choose	 the	optimal	 cost	
sharing	 ratio,	 it	 is	more	beneficial	 for	 them	 to	 incentivize	 other	partner	 to	 improve	
product	green	degree	and	increase	sales	effort,	and	thus	realize	profit	maximization.	
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1. Introduction	

The	prevalence	of	the	concept	of	green	consumption	and	the	improvement	of	consumers’	green	
preference	 have	 increased	 market	 demand	 for	 green	 products,	 thus	 promoting	 the	
development	of	green	marketing	in	the	supply	chain.	Green	marketing	usually	includes	green	
investment	 in	products	and	green	sales	effort,	 for	example,	SAIC‐GM	takes	green	and	smart	
manufacturing	strategy,	and	Philips	adopts	Energy	Star	label	for	green	campaign.	In	order	to	
gain	advantages	in	the	fierce	competition,	the	supply	chain	needs	close	cooperation	of	members	
to	obtain	higher	market	share.	But	the	fact	is	that	in	the	process	of	supply	chain	green	marketing,	
when	 one	 of	 the	 members	 takes	 green	 marketing	 strategy,	 the	 others	 can	 obtain	 green	
marketing	benefits	for	free.	Therefore,	it	is	of	great	significance	to	study	whether	members	in	
the	supply	chain	take	green	marketing	strategies	and	how	to	coordinate	the	supply	chain.	
The	research	that	considers	green	marketing	in	supply	chain	has	achieved	lots	of	results,	which	
has	been	studied	from	two	aspects	of	green	investment	in	products	and	green	sales	effort.	Some	
literature	 study	 the	 impact	 of	 green	 investment	 on	 supply	 chain.	 The	 green	 investment	 of	
manufacturer	is	mainly	that	use	fewer	resources	to	produce	the	same	products	and	improve	
resource	 utilization	 (Liu	 2017),	 and	 improve	 product	 green	 degree.	 Zhang	 and	 Liu	 (2013)	
studied	the	decision	situation	of	members	in	three‐echelon	supply	chain	when	market	demand	
is	related	to	product	green	degree.	Basiri	and	Heydari	(2017)	examined	the	impact	of	product	
green	degree	and	consumer	environmental	awareness	on	supply	chain	coordination.	Ghosh	and	
Shah	(2012)	considered	a	two‐echelon	supply	chain	consisting	of	a	manufacturer	and	a	retailer,	
where	market	demand	is	jointly	determined	by	price	and	green	degree,	and	coordinated	using	
a	two‐part	contract.	
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There	are	lots	of	literature	examining	the	impact	of	sales	effort	on	supply	chain.	The	sales	effort	
of	 retailer	 includes	 advertising	 investment,	 product	 display,	 sales	 staff	 explanation	 and	
demonstration	to	increase	the	market	demand.	Gao	et	al.	(2016)	considered	sales	efforts	and	
explored	the	pricing	decision	problem	of	a	closed‐loop	supply	chain.	Ma	et	al.	(2017)	studied	
the	pricing	decisions	of	closed‐loop	supply	chain	when	retailer	was	responsible	for	sales	effort,	
and	discussed	 the	 impact	of	 retailer’s	 fairness	concerns	on	sales	effort.	Zerang	et	al.	 (2018)	
examined	that	retailer	was	responsible	for	sales	effort,	and	found	that	closed‐loop	supply	chain	
led	by	manufacturer	are	the	most	efficient.	Saha	et	al.	(2019)	considered	the	influence	of	price	
and	sales	effort	level	on	product	market	demand	and	studied	the	channel	coordination	problem	
of	 three‐echelon	 supply	 chain.	 Taleizadeh	 et	 al.	 (2016)	 studied	 the	 problem	 of	 closed‐loop	
supply	chain	pricing	decisions	when	both	manufacturer	and	retailer	make	sales	efforts.		
The	 research	 on	 coordination	 of	 supply	 chain	 that	 the	 existing	 literature	 provide	 lots	 of	
contracts	for	guiding	cooperation	among	supply	chain	partners.	Hong	and	Guo	(2019)	found	
that	when	manufacturer	shares	green	marketing	costs	with	retailer,	it	may	harm	the	benefits	
of	retailer,	but	can	promote	green	manufacturing.	Ma	et	al.	 (2013)	proposed	a	new	contract	
combining	two‐part	pricing	contract	and	Cost‐sharing	contract	to	realize	the	coordination	of	
supply	chain.	Taylor	(2002)	studied	that	when	sales	effort	affects	the	demand,	the	combination	
of	sales	rebate	contract	and	return	contract	can	make	retailer	invest	optimal	promotion	effort	
and	achieve	channel	coordination.	Swami	and	Shah	(2013)	found	a	two‐part	tariff	contract	can	
solve	channel	coordination	problem	on	the	efforts	of	a	manufacturer	and	a	retailer	to	promote	
green	products.	Krishnan	et	al.	(2004)	found	that	only	combining	buy‐back	contract	with	Cost‐
sharing	agreements	is	the	best	to	achieve	channel	coordination.	Later,	Tsao	and	Sheen	(2012)	
examined	promotion	cost	sharing	is	a	critical	mechanism	to	coordinate	the	supply	chain.	
Our	research	refers	to	Li	et	al.	(2021),	which	established	an	evolutionary	game	model	of	mobile	
phone	manufacturer	and	retailer’s	green	marketing	strategies	involving	BDTA,	and	discussed	
the	influence	of	consumers’	green	preferences	and	BDTA	on	mobile	phone	manufacturer	and	
retailer’s	green	marketing	strategies.	Our	paper	differs	from	the	mentioned	literature	in	that	
firstly,	most	of	the	existing	literature	directly	examine	manufacturer	and	retailer	will	take	green	
marketing	strategy	and	discuss	the	impact	of	green	efforts	on	the	decision	of	members	in	supply	
chain,	while	we	consider	whether	a	general	manufacturer	and	a	general	 retailer	 take	green	
marketing	 strategy	 and	 use	 Stackelberg	 game	 to	 solve	 the	 equilibrium	 solution	 in	 different	
market	 environment,	making	 the	 research	more	general	 and	 comprehensive,	 and	providing	
theoretical	guidance	for	manufacturer	and	retailer	to	take	optimal	decisions.	Then,	we	further	
examine	 the	 optimal	 incentive	 contract	 of	 manufacturer	 and	 retailer	 under	 the	 market	
equilibrium,	and	provide	references	for	manufacturer	and	retailer	to	maximize	profits	by	using	
incentive	contract	and	coordinate	the	supply	chain.	
The	 rest	 of	 the	 paper	 is	 organized	 as	 follows.	 We	 present	 the	 problem	 description	 and	
hypothesis	 in	 Section	 2.	We	 characterize	 and	 analyze	 the	 case	 that	 when	manufacturer	 or	
retailer	takes	green	marketing	in	Section	3.	We	examine	and	analyze	the	incentive	contracts	of	
manufacturer	and	retailer	under	the	equilibrium	market	in	Section	4.	We	explore	the	numerical	
analysis	in	Section	5.	We	conclude	the	study	and	offer	directions	for	future	research	in	Section	
6.	To	improve	readability,	all	proofs	are	presented	in	Appendix.	

2. Problem	Description	

This	paper	 considers	 a	 two‐echelon	 supply	 chain	 consisting	of	 a	 single	manufacturer	 and	 a	
single	 retailer,	 in	 which	 the	 manufacturer	 produces	 green	 products	 and	 wholesales	 green	
products	to	the	retailer	at	price	w,	and	then	the	retailer	sells	them	to	consumer	at	price	݌.	We	
think	manufacturer	is	the	leader	in	supply	chain	and	retailer	is	the	follower,	and	the	information	
between	 them	 is	 completely	 symmetrical.	 Both	 the	manufacturer	 and	 the	 retailer	 can	 take	



Scientific	Journal	of	Economics	and	Management	Research																																																																							Volume	4	Issue	1,	2022	

	ISSN:	2688‐9323																																																																																																																										

380	

green	marketing	 strategy.	 In	 the	 supply	 chain,	when	either	manufacturer	or	 retailer	adopts	
green	marketing	strategy,	the	other	can	get	green	marketing	benefits	for	free.	Under	consumers’	
green	preference,	 if	neither	of	 them	adopts	green	marketing	strategy,	 the	market	share	will	
decrease,	which	is	obviously	unprofitable	for	manufacturer	and	retailer.	Therefore,	this	paper	
only	discusses	situations	where	at	least	one	of	them	adopts	green	marketing.	We	assume	the	
manufacturer	and	the	retailer	can	decide	to	take	green	marketing	strategy	(T)	or	non‐green	
marketing	 strategy	 (N),	 and	 both	 are	 bounded	 rationality.	When	manufacturer	 takes	 green	
marketing	strategy,	 it	means	that	 the	manufacturer	will	make	green	 investment	 in	products	
such	 as	 technological	 innovation,	 process	 adjustment,	 so	 we	 think	 manufacturer’s	 green	
investment	level	is ݃,	i.e.,	product	green	degree.	The	green	investment	cost	is	a	concave	function	
of	the	product	green	degree,	assuming	that	is ଵ

ଶ
	.coefficient	cost	green	product	is	ߟ where	ଶ,݃ߟ

When	retailer	takes	green	marketing	strategy,	it	means	that	retailer	will	make	sales	effort	such	
as	advertising,	promotional	activities,	so	we	think	the	retailer’s	green	input	level	is ݏ,	i.e.,	sales	
effort.	The	sales	effort	cost	is	a	concave	function	of	the	sales	effort	level,	assuming	that	is ଵ

ଶ
	,ଶݏߠ

where ߠ	is	sales	effort	cost	coefficient.		
When	 both	 manufacturer	 and	 retailer	 take	 green	 marketing	 strategy,	 the	 market	 demand	
depends	on	selling	price,	product	green	degree	and	sales	effort.	Higher	product	green	degree	
and	sales	effort	leads	to	more	market	demand,	so	we	assume	the	market	demand	is	ܦ ൌ ܽ െ
݌ܾ ൅ ݇݃ ൅ 	to	coefficient	sensitivity	consumers’	ܾis	demand,	market	potential	the	is	ܽ	where	,ݏ݈
selling	price,	݇	is	 the	product	green	effect,	 indicating	 the	 impact	of	product	green	degree	on	
demand,	݈	is	the	sales	effort	effect,	indicating	the	impact	of	sales	effort	on	demand.	When	ܽ ൌ
	to	order	In	preferences.	green	consumers’	to	related	only	is	demand	product	that	means	it	,݌ܾ
ensure	the	market	demand	is	in	line	with	the	actual	situation,	we	assume	ܽ ൐ 	,addition	In	.݌ܾ
we	assume	the	manufacturer’s	unit	production	cost	is	ܿ.	We	think	consumers	are	all	rational,	

their	sensitivity	to	selling	price	should	be	within	a	reasonable	range,	assuming	௟
మఎା௞మఏ

ఎఏ
൏ ܾ ൏ ௔

௖
.		

According	to	the	above	problem	description	and	assumptions,	this	paper	will	discuss	whether	
manufacturer	and	retailer	take	green	marketing	strategy,	so	we	consider	the	following	models:		
	

Table	1.	Summary	of	Notation	
Parameters	 Definition	

ܽ	 Potential	market	demand	
ܾ	 Consumers’	sensitivity	coefficient	to	selling	price	
݇	 Product	green	effect	
݈	 Sales	effort	effect	
	ߟ Product	green	cost	coefficient	
	ߠ Sales	effort	cost	coefficient	
ܿ	 Manufacturer’s	unit	production	cost	
	ߣ Manufacturer’s	share	of	retailer’s	sales	effort	cost	
	௝ܦ Market	demand	in	case	݆	

ெߨ
௝ 	 Profit	of	manufacturer	in	case	݆,	݆ ∈ ሼܶܰ,ܰܶ, ܶܶ, ܼܶ, 	ሽܮܶ

ோߨ
௝ 	 Profit	of	retailer	in	case	݆	

Superscript	 ∗	 Optimal	decisions	for	decision	variables	
Decision	variable	 	

	௝ݓ Manufacturer’s	wholesale	price	in	case	݆	

	௝݌ Retailer’s	selling	price	in	case	݆	

݃௝	 Manufacturer’s	product	green	degree	in	case	݆	

	௝ݏ Retailer’s	sales	effort	in	case	݆	
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(1)	manufacturer	takes	green	marketing	strategy	but	retailer	does	not	(Case	TN);	(2)	retailer	
takes	green	marketing	strategy	but	manufacturer	does	not	(Case	NT);	(3)	both	manufacturer	
and	retailer	take	green	marketing	strategy	(Case	TT).	
The	parameters	used	in	the	model	are	shown	in	the	following	table,	see	Table	1.	

3. The	Model	

In	this	section,	we	build	and	solve	models	in	different	scenarios	described	above,	and	analyze	
the	equilibrium	solutions	of	manufacturer	and	retailer	in	different	cases.		

3.1. Only	Manufacturer	Takes	Green	Marketing	(Case	TN)		
When	manufacturer	makes	green	investment	in	products	but	retailer	does	not	make	sales	effort,	
the	market	demand	will	be	reduced	but	the	retailer	can	still	benefit	from	the	manufacturer’s	
green	marketing	strategy	and	it	does	not	need	to	pay	sales	effort	cost.	
Considering	a	 two‐stage	Stackelberg	game,	 firstly,	 the	manufacturer	decides	simultaneously	
wholesale	price	்ݓேand	product	green	degree	்݃ே;	secondly,	the	retailer	decides	selling	price	
	is	demand	market	The	decision.	optimal	manufacturer’s	the	on	based	ே்݌
	

ே்ܦ ൌ ܽ െ ே்݌ܾ ൅ ்݇݃ே																																																																			(1)	
The	profit	function	of	manufacturer	and	retailer	respectively	are		
	

ெߨ
்ேሺ்ݓே, ்݃ேሻ ൌ ே்ݓேሺ்ܦ െ ܿሻ െ ଵ

ଶ
ே்݃ߟ

ଶ
																																																		(2)	

	
ோߨ
்ேሺ்݌ேሻ ൌ ே்݌ேሺ்ܦ െ 	(3)																																																														ேሻ்ݓ

	
We	solve	the	game	by	backward	induction.	First,	solving	second‐order	derivative	of	equation	

(3)	we	can	get	డ
మగೃ

೅ಿ

డ௣೅ಿ
మ ൌ െ2ܾ ൏ 0,	so	ߨோ

்ேሺ்݌ேሻ	is	a	strictly	concave	function	of	்݌ே.	Solving	first‐

order	 condition	 డగೃ
೅ಿ

డ௣೅ಿ
ൌ 0 .	 Then,	 substituting	 ே்݌ 	into	 equation	 (2),	 the	 Hessian	 matrix	 is	

቎
െܾ ௞

ଶ
௞

ଶ
െߟ

቏ ൌ
ସ௕ఎି௞మ

ସ
൐ 0,	so	the	matrix	is	negative	definite.	Solving	first‐order	condition	డగಾ

೅ಿ

డ௪೅ಿ ൌ

0	and	డగಾ
೅ಿ

డ௚೅ಿ
ൌ 0,	we	can	obtain	the	equilibrium	solutions	of	manufacturer:	

	

∗ே்ݓ ൌ
ଶ௔ఎା௖൫௕ఎି௞మ൯

ସ௕ఎି௞మ
,	்݃ே

∗
ൌ ሺ௔ି௕௖ሻ௞

ସ௕ఎି௞మ
	

	
Substituting	்ݓே∗	and	்݃ே

∗
	into	்݌ே,	we	can	obtain	the	equilibrium	solutions	of	retailer:	

	

ே்݌
∗
ൌ
ߟ3ܽ ൅ ܿሺܾߟ െ ݇ଶሻ

ߟ4ܾ െ ݇ଶ
	

	
Substituting	்ݓே∗,	்݃ே

∗
and	்݌ே

∗
	into	equation	(1),	(2),	(3),	we	can	obtain	the	optimal	demand	

and	profits:	
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∗ே்ܦ ൌ ௕ሺ௔ି௕௖ሻఎ

ସ௕ఎି௞మ
ெߨ	,

்ே∗ ൌ ሺ௔ି௕௖ሻమఎ

ଶሺସ௕ఎି௞మሻ
ோߨ	,

்ே∗ ൌ ௕ሺ௔ି௕௖ሻమఎమ

ሺସ௕ఎି௞మሻమ
	

	
Proposition	1	Manufacture’s	wholesale	price	and	produce	green	degree,	retailer’s	selling	price,	
demand	and	profits	are	increasing	in	product	green	effect	݇,	while	are	decreasing	in	product	
green	cost	coefficient	ߟ.	
Proposition	1	shows	that	when	only	manufacturer	takes	green	marketing	strategy,	as	product	
green	effect	݇	increases,	 indicating	that	consumers’	preference	for	green	products	 increases,	
manufacturer	will	 increase	green	 investment	 in	products	 to	 improve	product	 green	degree,	
which	causes	that	manufacturer	raises	wholesale	price	and	retailer	raises	selling	price	to	obtain	
more	benefits.	With	product	green	cost	coefficient	ߟ	increasing,	it	is	likely	to	increase	product	
green	 cost,	 so	manufacturer	will	 decrease	 green	 investment	 to	 balance	 product	 green	 cost,	
resulting	in	the	decrease	in	product	green	degree	and	the	market	demand.	Manufacturer	and	
retailer	have	to	lower	the	wholesale	price	and	selling	price	to	maintain	demand.	

3.2. Only	Retailer	Takes	Green	Marketing	(Case	NT)		
When	retailer	makes	sales	effort	but	manufacturer	does	not	make	green	investment	in	products,	
the	 market	 demand	 also	 will	 be	 reduced	 but	 the	 manufacturer	 also	 can	 benefit	 from	 the	
retailer’s	green	marketing	strategy	and	it	does	not	need	to	pay	green	investment	cost.	
Considering	a	two‐stage	Stackelberg	game,	firstly,	the	manufacturer	decides	wholesale	price	
	ே்݌	price	selling	simultaneously	decides	retailer	the	secondly,	profit;	maximizing	on	based	ே்ݓ
and	sales	effort	ݏே்based	on	the	manufacturer’s	optimal	decision.	The	market	demand	is	
	

ே்ܦ ൌ ܽ െ ே்݌ܾ ൅ 	(4)																																																															ே்ݏ݈
	

The	profit	function	of	manufacturer	and	retailer	respectively	are		
	

ெߨ
ே்ሺݓே்ሻ ൌ ே்ݓே்ሺܦ െ ܿሻ																																																															(5)	

	

ோߨ
ே்ሺ݌ே், ே்ሻݏ ൌ ே்݌ே்ሺܦ െ ே்ሻݓ െ ଵ

ଶ
ே்ݏߠ

ଶ
																																							(6)	

	
We	 solve	 the	 game	 by	 backward	 induction.	 First,	 the	 Hessian	matrix	 about	 equation	 (6)	 is	

ቂെ2ܾ ݈
݈ െߠ

ቃ ൌ ߠ2ܾ െ ݈ଶ ൐ 0,	 so	 the	matrix	 is	 negative	 definite.	 Solving	 first‐order	 condition	

డగೃ
ಿ೅

డ௣೅ಿ
ൌ 0	and	డగೃ

ಿ೅

డ௦ಿ೅
ൌ 0.	Then,	substituting	݌ே்and	ݏே்into	equation	(5),	 solving	second‐order	

derivative	we	 can	get	డ
మగಾ

ಿ೅

డ௪ಿ೅మ
ൌ ଶ௕మఏ

௟మିଶ௕ఏ
൏ 0,	 so	ߨெ

ே்ሺݓே்ሻ	is	 a	 strictly	 concave	 function	of	ݓே்.	

Solving	first‐order	condition	డగಾ
ಿ೅

డ௪ಿ೅ ൌ 0,	we	can	obtain	the	equilibrium	solutions	of	manufacturer:	

∗ே்ݓ ൌ
ܽ ൅ ܾܿ
2ܾ

	

Substituting	ݓே்∗	into	݌ே்	and	ݏே்,	we	can	obtain	the	equilibrium	solutions	of	retailer:	
	

ே்݌
∗
ൌ ௕ሺଷ௔ା௕௖ሻఏିሺ௔ା௕௖ሻ௟మ

ଶ௕ሺଶ௕ఏି௟మሻ
ே்ݏ	,

∗
ൌ ሺ௔ି௕௖ሻ௟

ଶሺଶ௕ఏି௟మሻ
	

	
Substituting	ݓே்∗,	݌ே்

∗
and	ݏே்

∗
	into	equation	(4),	(5),	(6),	we	can	obtain	the	optimal	demand	

and	profits:	
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∗ே்ܦ ൌ ௕ሺ௔ି௕௖ሻఏ

ଶሺଶ௕ఏି௟మሻ
ெߨ	,

ே்∗ ൌ ሺ௔ି௕௖ሻమఏ

ସሺଶ௕ఏି௟మሻ
ோߨ	,

ே்∗ ൌ ሺ௔ି௕௖ሻమఏ

଼ሺଶ௕ఏି௟మሻ
	

	
Proposition	2	Retailer’s	 selling	price	and	sales	effort,	demand	and	profits	are	 increasing	 in	
sales	effort	effect	݈,	while	are	decreasing	in	sales	effort	cost	coefficient	ߠ.	
Proposition	2	shows	that	when	only	retailer	takes	green	marketing	strategy,	manufacturer’s	
wholesale	price	is	independent	of	sales	effort	effect	݈	and	effort	cost	coefficient	ߠ.	As	sales	effort	
effect	݈ 	increases,	 the	market	 demand	will	 increase,	 even	 if	 retailer	 raises	 selling	 price,	 the	
demand	 will	 not	 be	 affected.	 But	 meanwhile,	 it	 can	 increase	 the	 profit	 of	 retailer	 and	
manufacturer.	With	sales	effort	cost	coefficient	ߠ	increasing,	retailer	will	make	less	sales	effort	
to	balance	sales	effort	cost,	which	leads	to	the	decrease	in	the	market	demand,	so	the	profit	of	
retailer	and	manufacturer	also	decrease.	

3.3. Manufacturer	and	Retailer	Take	Green	Marketing	(Case	TT)		
When	manufacturer	makes	green	investment	in	products	and	retailer	also	makes	sales	effort,	
the	market	demand	will	be	positively	affected	by	their	green	marketing	strategies,	leading	to	
maximum	market	demand,	but	meanwhile	the	manufacturer	and	the	retailer	need	to	pay	their	
green	marketing	cost	respectively.	
Considering	a	two‐stage	Stackelberg	game,	firstly,	the	manufacturer	decides	wholesale	price	
	price	selling	simultaneously	decides	retailer	the	secondly,	்்݃;	degree	green	product	and	்்ݓ
	is	demand	market	The	decision.	optimal	manufacturer’s	the	on	based	்்ݏ	effort	sales	and	்்݌
	

்்ܦ ൌ ܽ െ ்்݌ܾ ൅ ்்݇݃ ൅ 	(7)																																																													்்ݏ݈
	
The	profit	function	of	manufacturer	and	retailer	respectively	are		
	

ெߨ
்்ሺ்்ݓ, ்்݃ሻ ൌ ்்ݓሺ்்ܦ െ ܿሻ െ ଵ

ଶ
்்݃ߟ

ଶ
																																															(8)	

	

ோߨ
்்ሺ்்݌, ሻ்்ݏ ൌ ்்݌ሺ்்ܦ െ ሻ்்ݓ െ ଵ

ଶ
்்ݏߠ

ଶ
																																											(9)	

	
We	 solve	 the	 game	 by	 backward	 induction.	 First,	 the	 Hessian	matrix	 about	 equation	 (9)	 is	

ቂെ2ܾ ݈
݈ െߠ

ቃ ൌ ߠ2ܾ െ ݈ଶ ൐ 0,	 so	 the	matrix	 is	 negative	 definite.	 Solving	 first‐order	 condition	

డగೃ
೅೅

డ௣೅೅
ൌ 0	and	డగೃ

೅೅

డ௦೅೅
ൌ 0.	Then,	 substituting	்்݌and	்்ݏinto	equation	 (8),	 the	Hessian	matrix	 is	

቎

ଶ௕మఏ

௟మିଶ௕ఏ

ି௕௞ఏ

௟మିଶ௕ఏ
ି௕௞ఏ

௟మିଶ௕ఏ
െߟ

቏ ൌ
௕మఏሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻ

ሺ௟మିଶ௕ఏሻమ
൐ 0,	so	the	matrix	is	negative	definite.	Solving	first‐order	

condition	డగಾ
೅೅

డ௪೅೅ ൌ 0	and		డగಾ
೅೅

డ௚೅೅
ൌ 0,	we	can	obtain	the	equilibrium	solutions	of	manufacturer:	

	

∗்்ݓ ൌ
௕௖൫ఎ൫ଶ௕ఏି௟మ൯ି௞మఏ൯ା௔ఎሺଶ௕ఏି௟మሻ

௕ሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻ
,	்்݃

∗
ൌ ሺ௔ି௕௖ሻ௞ఏ

ሺସ௕ఎି௞మሻఏିଶ௟మఎ
	

	
Substituting	்்ݓ∗	and	்்݃

∗
	into	்்݌	and	்்ݏ,	we	can	obtain	the	equilibrium	solutions	of	retailer:	

	

்்݌
∗
ൌ ௕ሺଷ௔ఎି௖ሺ௞మି௕ఎሻሻఏିሺ௔ା௕௖ሻ௟మఎ

௕ሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻ
்்ݏ	,

∗
ൌ ሺ௔ି௕௖ሻ௟ఎ

ሺସ௕ఎି௞మሻఏିଶ௟మఎ
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Substituting	்்ݓ∗ ,	்்݃

∗
்்݌	,

∗
and	்்ݏ

∗
	into	 equation	 (7),	 (8),	 (9),	we	 can	 obtain	 the	 optimal	

demand	and	profits:	
	

∗்்ܦ ൌ ௕ሺ௔ି௕௖ሻఎఏ

ሺସ௕ఎି௞మሻఏିଶ௟మఎ
ெߨ	,

்்∗ ൌ ሺ௔ି௕௖ሻమఎఏ

ଶሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻ
ோߨ	,

்்∗ ൌ ሺ௔ି௕௖ሻమఎమఏሺଶ௕ఏି௟మሻ

ଶሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻమ
 

	
Proposition	3	Manufacture’s	wholesale	price	and	produce	green	degree,	retailer’s	selling	price	
and	sales	effort,	demand	and	profits	are	increasing	in	product	green	effect	݇	and	sales	effort	
effect	݈ ,	 while	 they	 are	 decreasing	 in	 product	 green	 cost	 coefficient	ߟ 	and	 sales	 effort	 cost	
coefficient	ߠ.	
Proposition	 3	 shows	 that	 when	 manufacturer	 and	 retailer	 take	 green	 marketing	 strategy,	
manufacturer	increases	product	green	investment	and	retailer	increases	sales	effort	are	helpful	
to	 increase	 the	market	demand,	but	meanwhile	manufacturer	and	 retailer	 incurs	additional	
costs.	 In	order	to	avoid	damage	to	their	own	benefits,	manufacturer	will	 increase	wholesale	
price	and	retailer	will	increase	selling	price,	thus	their	profits	also	increase.	With	the	increasing	
of	product	green	cost	coefficient	ߟ	and	sales	effort	cost	coefficient	ߠ,	it	is	possible	to	increase	
the	 product	 green	 investment	 cost	 of	manufacturer	 and	 the	 sales	 effort	 cost	 of	 retailer,	 so	
manufacturer	 may	 decrease	 product	 green	 investment	 and	 retailer	 decreases	 sales	 effort,	
which	results	in	the	decrease	in	market	demand.	Manufacturer	has	to	lower	the	wholesale	price	
and	retailer	has	to	lower	the	selling	price	to	maintain	demand,	thus	their	profits	also	decrease.	
We	 further	compare	and	analyze	manufacturer’s	produce	green	degree	and	profit,	 retailer’s	
sales	effort	and	profit	in	different	cases,	and	obtain	the	following	propositions:	
Proposition	4	Comparing	produce	green	degree	and	the	profit	of	manufacturer	and	retailer	
under	the	TN	and	TT	cases:	

்݃ே
∗
൏ ்்݃

∗
ெߨ	,

்ே∗ ൏ ெߨ
ோߨ	,∗்்

்ே∗ ൏ ோߨ
்்∗.	

Proposition	 4	 shows	 that	 when	 manufacturer	 makes	 green	 investment	 in	 products,	
manufacturer	prefers	that	retailer	also	can	take	green	marketing	to	obtain	higher	profit,	and	
meanwhile	manufacturer	will	increase	green	investment	in	products	to	improve	product	green	
degree,	 which	 leads	 to	 better	 market	 response	 for	 green	 products.	 Therefore,	 it	 is	 more	
beneficial	for	retailer	to	chooses	to	make	sales	effort	to	cater	to	consumers’	green	consumption	
preferences	and	maximize	profit.	
Proposition	5	Comparing	sales	effort	and	the	profit	of	manufacturer	and	retailer	under	the	NT	
and	TT	cases:	

ெߨ
ே்∗ ൏ ெߨ

ே்ݏ	,∗்்
∗
൏ ்்ݏ

∗
ோߨ	,

ே்∗ ൏ ோߨ
்்∗.	

Proposition	 5	 shows	 that	when	 retailer	makes	 sales	 effort,	 it	 is	 helpful	 to	 increase	market	
demand,	 so	 manufacturer	 should	 choose	 to	 take	 green	 investment	 in	 products	 to	 further	
improve	product	green	degree	to	gain	better	profit.	Retailer	also	prefers	manufacturer	to	take	
green	marketing	together,	which	is	more	profitable	for	retailer,	and	retailer	will	increase	more	
sales	effort	to	further	expand	market	share	to	obtain	higher	benefit.	

4. Supply	Chain	Green	Marketing	Incentive	Contract	

Through	the	above	comparison	and	analysis,	we	can	find	when	manufacturer	and	retailer	both	
take	green	marketing	strategy,	they	can	obtain	higher	profit,	which	implies	that	manufacturer	
and	 retailer	 expect	other	party	 to	make	green	effort	 together.	Therefore,	manufacturer	 and	
retailer	have	incentives	to	drive	other	party	to	take	green	marketing.	We	will	further	examine	
the	models	for	the	manufacturer	and	retailer	to	develop	incentive	contracts	separately	on	the	
basis	of	case	TT,	and	compare	and	analyze	the	equilibrium	solution	of	manufacturer	and	retailer.	
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4.1. Manufacturer	Creates	Sales	Effort	Cost‐sharing	Incentive	Contract	(Case	
TZ)		

We	 first	 explore	 when	 manufacturer	 and	 retailer	 both	 take	 green	 marketing	 strategy,	
manufacturer	creates	incentive	contract	for	retailer,	assuming	that	consumers’	preference	for	
product	 green	degree	 gradually	 increases,	manufacturer	 proposes	 an	 incentive	 contract	 for	
retailer’s	sales	effort	cost	sharing.	We	assume	that	manufacturer’s	sales	effort	cost	sharing	ratio	
for	 retailer’s	 is	 ሺ0ߣ ൏ ߣ ൑ 1ሻ .	 Manufacturer	 is	 bounded	 rational	 and	 it	 is	 impossible	 to	
undertake	the	whole	sales	effort	cost	of	retailer,	so	we	think	ߣ	should	be	within	a	reasonable	

range,	assuming	0 ൏ ߣ ൏
ఏ൫௕ఎି௞మ൯ି௟మఎ

ఏሺ௕ఎି௞మሻ
.	The	market	demand	is	

	
௓்ܦ ൌ ܽ െ ௓்݌ܾ ൅ ்݇݃௓ ൅ 	(10)																																																										௓்ݏ݈

	
The	profit	function	of	manufacturer	and	retailer	respectively	are		
	

ெߨ
்௓ሺ்ݓ௓, ்݃௓ሻ ൌ ௓்ݓ௓ሺ்ܦ െ ܿሻ െ ଵ

ଶ
௓்݃ߟ

ଶ
െ ଵ

ଶ
௓்ݏߠߣ

ଶ
																																			(11)	

	
ோߨ
்ௌሺ்݌௓, ௓ሻ்ݏ ൌ ௓்݌௓ሺ்ܦ െ ௓ሻ்ݓ െ ଵ

ଶ
ሺ1 െ ௓்ݏߠሻߣ

ଶ
																																					(12)	

	

Similarly,	 first,	 the	 Hessian	matrix	 about	 equation	 (12)	 is	൤
െ2ܾ ݈
݈ ߣሺߠ െ 1ሻ൨ ൌ ሺ1ߠ2ܾ െ ሻߣ െ

݈ଶ ൐ 0,	so	the	matrix	 is	negative	definite.	Solving	 first‐order	condition	డగೃ
೅ೋ

డ௣೅ೋ
ൌ 0	and	డగೃ

೅ೋ

డ௦೅ೋ
ൌ 0.	

The	 Hessian	matrix	 about	 equation	 (11)	 is	቎

௕మఏሺ௟మሺଶିଷఒሻିସ௕ఏሺఒିଵሻమሻ

ሺ௟మାଶ௕ఏሺఒିଵሻሻమ
௕௞ఏሺଶ௕ఏሺఒିଵሻమା௟మሺଶఒିଵሻሻ

ሺ௟మାଶ௕ఏሺఒିଵሻሻమ

௕௞ఏሺଶ௕ఏሺఒିଵሻమା௟మሺଶఒିଵሻሻ

ሺ௟మାଶ௕ఏሺఒିଵሻሻమ
െߟ െ ௞మ௟మఏఒ

ሺ௟మାଶ௕ఏሺఒିଵሻሻమ

቏ ൌ

௕మఏሺሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻሻ

ሺ௟మାଶ௕ఏሺఒିଵሻሻమ
൐ 0,	so	the	matrix	is	negative	definite.	Solving	first‐order	condition	

డగಾ
೅ೋ

డ௪೅ೋ ൌ 0	and		డగಾ
೅ೋ

డ௚೅ೋ
ൌ 0,	we	can	obtain	the	equilibrium	solutions	of	manufacturer:	

	

∗௓்ݓ ൌ ௕௖ሺ௟మఎିሺ௞మିଶ௕ఎሻఏሺఒିଵሻሻሺఒିଵሻା௔ఎሺଶ௕ఏሺఒିଵሻమା௟మሺଶఒିଵሻሻ

௕ሺሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻ
,	்݃௓

∗
ൌ ሺ௔ି௕௖ሻ௞ఏሺଵିఒሻమ

ሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻ
	

	
Substituting	்ݓ௓∗	and	்݃௓

∗
	into	்݌௓	and	்ݏ௓,	we	can	obtain	the	equilibrium	solutions	of	retailer:	

	

௓்݌
∗
ൌ ௕௖ሺ௟మఎିሺ௞మି௕ఎሻఏሺఒିଵሻሻሺఒିଵሻା௔ఎሺଷ௕ఏሺఒିଵሻమା௟మሺଶఒିଵሻሻ

௕ሺሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻሻ
௓்ݏ	,

∗
ൌ ሺ௔ି௕௖ሻ௟ఎሺଵିఒሻ

ሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻ
	

	
Substituting	்ݓ௓∗,	்݃௓

∗
௓்݌	,

∗
and	்ݏ௓

∗
	into	equation	(10),	(11),	(12),	we	can	obtain	the	optimal	

demand	and	profits:	
	

∗௓்ܦ ൌ ௕ሺ௔ି௕௖ሻఎఏሺଵିఒሻమ

ሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻ
,	

ெߨ
்௓∗ ൌ ሺ௔ି௕௖ሻమఎఏሺఒିଵሻమ

ଶሺሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻሻ
ோߨ	,

்௓∗ ൌ ሺ௔ି௕௖ሻమఎమఏሺ௟మାଶ௕ఏሺఒିଵሻሻሺఒିଵሻయ

ଶሺ௟మఎሺଶିଷఒሻାሺ௞మିସ௕ఎሻఏሺିଵାఒሻమሻమ
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Proposition	6	(і)	If	0 ൏ ߣ ൏ ଵ

ଶ
,	then	்݃௓

∗
൐ ்்݃

∗
ெߨ	,

்௓∗ ൐ ெߨ
்்∗.	Otherwise,	்݃௓

∗
൑ ்்݃

∗
ெߨ	,

்௓∗ ൑

ெߨ
்்∗.	

(ii)	்ݏ௓
∗
൐ ்்ݏ

∗
.	

Proposition	6	shows	that	manufacturer	can	incentive	downstream	retailer	to	make	more	sales	
effort	through	Cost‐sharing	contracts,	which	is	effectively	helpful	to	coordinate	the	supply	chain.	
But	because	manufacturer	makes	incentive	contract	with	the	premise	of	maximizing	its	own	
profit,	 the	 highest	 cost	 sharing	 ratio	 provided	 by	 the	manufacturer	 to	 the	 retailer	 will	 not	
exceed	ଵ

ଶ
.	When	manufacturer	takes	active	to	share	the	sales	effort	cost	of	retailer,	retailer	will	

increase	more	sales	effort	 to	 increase	demand.	Meanwhile,	when	manufacturer	realizes	that	
retailer	makes	more	sales	effort,	it	is	also	more	willing	to	increase	more	green	investment	to	
improve	product	green	degree.		

4.2. Retailer	Creates	Incentive	Product	Green	Cost‐sharing	Contract	(Case	TL)		
Then,	we	explore	retailer	creates	 incentive	contract	 for	manufacturer.	Although	retailer	 is	a	
follower	 in	 the	 supply	 chain,	 it	 is	 responsible	 for	 selling	products	directly	 to	 consumers,	 so	
retailer	still	can	incentive	manufacturer	to	improve	product	green	degree	to	maintain	a	green	
image.	We	 assume	 that	 retailer	 proposes	 an	 incentive	 contract	 for	manufacturer’s	 product	
green	cost	sharing	and	cost	sharing	ratio	is	߬ሺ0 ൏ ߬ ൑ 1ሻ.	Similarly,	Retailer	is	bounded	rational,	

so	we	assume	0 ൏ ߬ ൏
ଶఎ൫ଶ௕ఏି௟మ൯ି௞మఏ

ଶఎሺଶ௕ఏି௟మሻ
.	The	market	demand	is	

	
௅்ܦ ൌ ܽ െ ௅்݌ܾ ൅ ்݇݃௅ ൅ 	(13)																																																				௅்ݏ݈

	
The	profit	function	of	manufacturer	and	retailer	respectively	are		
	

ெߨ
்௅ሺ்ݓ௅, ்݃௅ሻ ൌ ௅்ݓ௅ሺ்ܦ െ ܿሻ െ ଵ

ଶ
ሺ1ߟ െ ߬ሻ்݃௅

ଶ
																																							(14)	

	

ோߨ
்௅ሺ்݌௅, ௅ሻ்ݏ ൌ ௅்݌௅ሺ்ܦ െ ௅ሻ்ݓ െ ଵ

ଶ
௅்ݏߠ

ଶ
െ ଵ

ଶ
௅்݃߬ߟ

ଶ
																																						(15)	

		

Similarly,	 first,	 the	Hessian	matrix	about	equation	(15)	 is	ቂെ2ܾ ݈
݈ െߠ

ቃ ൌ ߠ2ܾ െ ݈ଶ ൐ 0,	so	 the	

matrix	 is	 negative	 definite.	 Solving	 first‐order	 condition	డగೃ
೅ಽ

డ௣೅ಽ
ൌ 0	and	డగೃ

೅ಽ

డ௦೅ಽ
ൌ 0.	 The	Hessian	

matrix	about	equation	(14)	is	቎

ଶ௕మఏ

௟మିଶ௕ఏ

௕௞ఏ

ଶ௕ఏି௟మ
௕௞ఏ

ଶ௕ఏି௟మ
ሺ߬ߟ െ 1ሻ

቏ ൌ
௕మఏሺଶఎሺଶ௕ି௟మሻሺଵିఛሻି௞మఏሻ

ሺ௟మିଶ௕ఏሻమ
൐ 0,	so	the	matrix	is	

negative	 definite.	 Solving	 first‐order	 condition	 డగಾ
೅ಽ

డ௪೅ಽ ൌ 0 	and	 	 డగಾ
೅ಽ

డ௚೅ಽ
ൌ 0 ,	 we	 can	 obtain	 the	

equilibrium	solutions:	
	

∗௅்ݓ ൌ
௕௖ሺఏሺ௞మାଶ௕ఎሺఛିଵሻሻାఎሺଵିఛሻ൫௟మି௔ሺଶ௕ఏି௟మሻ൯ሻ

௕ሺఏ൫௞మାସ௕ఎሺఛିଵሻ൯ାଶ௟మఎሺଵିఛሻሻ
,	்݃௅

∗
ൌ ሺ௔ି௕௖ሻ௞ఏ

ଶఎሺଶ௕ି௟మሻሺଵିఛሻି௞మఏ
	

	
Substituting	்ݓ௅∗	and	்݃௅

∗
	into	்݌௅	and	்ݏ௅,	we	can	obtain	the	equilibrium	solutions	of	retailer:	

	

௅்݌
∗
ൌ

௕௖൫ఎ൫௕ఏି௟మ൯ሺଵିఛሻି௞మఏ൯ା௔ఎሺଷ௕ఏି௟మሻሺଵିఛሻ

௕ሺଶఎሺଶ௕ି௟మሻሺଵିఛሻି௞మఏሻ
௅்ݏ	,

∗
ൌ ሺ௔ି௕௖ሻ௟ఎሺଵିఛሻ

ଶఎሺଶ௕ି௟మሻሺଵିఛሻି௞మఏ
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Substituting	்ݓ௅∗,	்݃௅
∗
௅்݌	,

∗
and	்ݏ௅

∗
	into	equation	(13),	(14),	(15),	we	can	obtain	the	optimal	

demand	and	profits:	
	

∗௅்ܦ ൌ ௕ሺ௔ି௕௖ሻఎఏሺଵିఛሻ

ଶఎሺଶ௕ି௟మሻሺଵିఛሻି௞మఏ
,	

ெߨ
்௅∗ ൌ

ሺ௔ି௕௖ሻమఎఏሺଵିఛሻ

ସఎሺଶ௕ఏି௟మሻሺଵିఛሻିଶ௞మఏ
ோߨ	,

்௅∗ ൌ
ሺ௔ି௕௖ሻమఎఏሺାఏሺଶ௕ఎሺଵିఛሻమି௞మఛሻି௟మఎሺଵିఛሻమሻ

ଶሺ௞మఏିଶఎሺ௟మିଶ௕ఏሻሺିଵାఛሻሻమ
	

	

Proposition	7	(і)	்ݏ௅
∗
൐ ்்ݏ

∗
.	If	0 ൏ ߬ ൏

௞మఏሺ൫ସ௕ఎି௞మ൯ఏିଶ௟మఎሻ

ఎሺଶ௕ఏି௟మሻሺሺ଼௕ఎି௞మሻఏିସ௟మఎሻ
,	then	ߨோ

்௅∗ ൐ ோߨ
்்∗.	Otherwise,	

ோߨ
்௅∗ ൑ ோߨ

்்∗.	

(іi)	்݃௅
∗
൐ ்்݃

∗
ெߨ	,

்௅∗ ൐ ெߨ
்்∗.	

Proposition	7	shows	that	retailer	also	can	incentive	upstream	manufacturer	to	increase	green	
investment	through	Cost‐sharing	contracts	and	retailer	can	choose	suitable	cost	sharing	ration	
in	 the	 optimal	 range	 to	 maximize	 profit.	 When	 retailer	 shares	 product	 green	 cost	 with	
manufacturer,	 manufacturer	 will	 prefer	 to	 increase	 more	 green	 investment	 in	 products	 to	
increase	demand	and	 increase	profit.	When	retailer	observes	 that	manufacturer	 is	 trying	 to	
improve	 product	 green	 degree,	 retailer	 will	 also	 be	 more	 active	 in	 cooperating	 with	
manufacturer	to	make	more	sales	effort	to	further	increase	market	demand.	

5. Numerical	Study	

In	 this	 section,	 we	 do	 numerical	 study	 to	 analyze	 the	 impact	 of	 important	 parameters	 on	
equilibrium	solutions	in	the	incentive	scenario	and	compare	the	profits	of	manufacturer	and	
retailer	in	non‐incentive	contract	and	incentive	contract.	The	selection	of	parameters	needs	to	
meet	the	conditions	for	the	existence	of	equilibrium	solutions.	

5.1. Sensitivity	Analysis	in	the	Incentive	Contract		

	
Figure	1(a).	The	impact	of	݇, ݈, ,ߟ 	௓்ݏ	and	்݃௓	on	ߠ

	

	
①݈ ൌ 1.1, ߟ ൌ 0.8, ߠ ൌ 0.7,	②݈ ൌ 0.9, ߟ ൌ 0.8, ߠ ൌ 0.7	
③݈ ൌ 1.1, ߟ ൌ 1.2, ߠ ൌ 0.7,	④݈ ൌ 1.1, ߟ ൌ 0.8, ߠ ൌ 0.9	
Figure	1(b).	The	impact	of	݇, ݈, ,ߟ 	௅்ݏ	and	்݃௅	on	ߠ
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First,	we	 analyze	 the	 impact	 of	 parameters	on	product	 green	degree	and	 sales	 effort	 in	 the	
incentive	scenario.	The	parameters	take	the	value	ܽ ൌ 4, ܾ ൌ 2, ܿ ൌ 1, ߣ ൌ 0.1, ݈ ൌ ሼ0.9,1,1ሽ, ߟ ൌ
ሼ0.8,1.2ሽ, ߠ ൌ ሼ0.7,0.9ሽ.	The	numerical	experiment	results	are	shown	in	Figure	1.		
From	 Figure	 1	we	 can	 find	 that	 no	matter	manufacturer	 or	 retailer	 takes	 the	 incentive,	 as	
product	 green	 effect	݇ 	increases,	 product	 green	 degree	 and	 sales	 effort	 are	 also	 increase.	
Because	when	consumers’	green	preference	for	products	increases,	it	will	lead	to	manufacturer	
increase	green	investment	in	products	and	meanwhile	retailer	will	be	motivated	to	increase	
sales	effort.	We	choose	݈ ൌ 1.1, ߟ ൌ 0.8, ߠ ൌ 0.7	as	the	control	group.	We	find	that	when	sales	
effort	effect	݈	decreases	ሺ݈ ൌ 1.1 → 0.9ሻ,	consumer	insensitivity	to	sales	effort	leads	retailer	to	
further	lower	sales	effort,	which	in	turn	reduce	manufacturers’	green	investment	in	products.	
When	product	green	cost	coefficient	 increasesሺߟ ൌ 0.8 → 1.2ሻ,	the	increase	in	product	green	
cost	 makes	 manufacturer	 reduce	 green	 investment	 to	 balance	 benefit	 and	 retailer	 has	 no	
incentive	to	increase	sales	effort.	When	sales	effort	cost	coefficient	increases	ሺߠ ൌ 0.7 → 0.9ሻ,	
retailer’s	sales	effort	cost	the	increases,	which	causes	retailer	reduce	sales	effort	to	guarantee	
its	 own	 profit,	 thus	 manufacturer	 reduces	 green	 investment	 in	 products	 appropriately,	
resulting	the	decrease	in	product	green	degree.	Besides,	we	find	the	impact	of	product	green	
effect	on	product	green	degree	changes	faster	when	retailer	actively	incentivizes	manufacturer.	
Then,	we	 continue	 to	 analyze	 the	 impact	 of	 parameters	 on	 the	profits	 of	manufacturer	 and	
retailer	in	the	incentive	scenario.	The	numerical	experiment	results	are	shown	in	Figure	2.	
From	Figure.2	we	can	know	that	as	long	as	in	the	incentive	contract,	when	consumers	are	more	
sensitive	to	the	green	degree	level	of	products,	the	profit	of	manufacturer	and	retailer	will	also	
increase.	It	can	be	understood	that	when	consumers’	green	preference	for	products	increases,	
it	will	bring	higher	green	investment	cost	to	manufacturer,	so	the	wholesale	and	selling	price	
of	 products	 increase	 accordingly,	 and	 meanwhile	 with	 the	 increase	 of	 consumers’	 green	
preference,	 the	 demand	 for	 products	 will	 also	 increase,	 so	 the	 profit	 of	 manufacturer	 and	
retailer	in	the	supply	chain	increase.	We	choose	݈ ൌ 1.1, ߟ ൌ 0.8, ߠ ൌ 0.7	as	the	control	group.	
We	find	that	when	sales	effort	effect	݈	decreases	ሺ݈ ൌ 1.1 → 0.9ሻ,	the	demand	will	decrease	due	
to	the	decrease	in	sales	effort	of	retailer,	which	leads	that	retailer	has	to	lower	selling	price	to	
keep	consumers	and	manufacturer	also	has	to	lower	wholesale	price	to	ensure	retailer	can	buy	
products	from	it,	so	the	profit	of	manufacturer	and	retailer	decrease.	When	product	green	cost	
coefficient	increasesሺߟ ൌ 0.8 → 1.2ሻ,	the	increase	in	product	green	cost	causes	manufacturer’s	
profit	decreases,	so	manufacturer	may	lower	the	wholesale	price	to	attract	retailer	buy	more	
products,	 but	 because	 manufacturer	 decreases	 green	 investment	 in	 products,	 retailer	 also	
reduces	 sales	 effort,	 resulting	 the	 decrease	 in	 market	 demand,	 and	 the	 profit	 of	 retailer	
decreases.	When	sales	effort	 cost	 coefficient	 increases	ሺߠ ൌ 0.7 → 0.9ሻ,	 the	 increase	 in	 sales	
effort	cost	directly	leads	retailer	to	reduce	sales	effort	cost,	which	causes	the	demand	decreases,	
and	 further	 leads	 the	 wholesale	 price	 and	 selling	 price	 also	 decreases,	 so	 the	 profit	 of	
manufacturer	and	retailer	will	decrease.	
	

	
Figure	2(a).	The	impact	of	݇, ݈, ,ߟ ெߨ	on	ߠ

்௓	and	ߨோ
்௓	
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①݈ ൌ 1.1, ߟ ൌ 0.8, ߠ ൌ 0.7,	②݈ ൌ 0.9, ߟ ൌ 0.8, ߠ ൌ 0.7	
③݈ ൌ 1.1, ߟ ൌ 1.2, ߠ ൌ 0.7,	④݈ ൌ 1.1, ߟ ൌ 0.8, ߠ ൌ 0.9	
Figure	2(b).	The	impact	of	݇, ݈, ,ߟ ெߨ	on	ߠ

்௅	and	ߨோ
்௅	

5.2. The	Optimal	Strategy	of	Manufacturer	When	Incentivizing	to	Retailer		
We	 take	 ܽ ൌ 4, ܾ ൌ 2, ܿ ൌ 1, ݈ ൌ 0.7, ߟ ൌ 0.8, ߠ ൌ 0.7, ݇ ൌ 0.5 	to	 compare	 and	 analyze	 the	
impact	 of	 cost	 sharing	 ratio	 on	 product	 green	 degree,	 sales	 effort	 and	 the	 profits	 of	
manufacturer	 and	 retailer	 when	 manufacturer	 takes	 incentive	 to	 retailer.	 The	 numerical	
experiment	results	are	shown	in	Figure	3.	and	Figure	4.	
From	Figure	3(a)	we	can	find	that	when	sales	effort	cost	sharing	ratio	ߣ	increases,	indicating	
that	 manufacturer	 shares	 a	 smaller	 ratio	 of	 sales	 effort	 cost	 for	 retailer,	 the	 profit	 of	
manufacturer	 first	 increase.	When	 sales	 effort	 cost	 sharing	 ratio	 increases	 a	 threshold,	 the	
increase	in	sharing	cost	causes	that	the	profit	of	manufacturer	decreases.	Besides,	we	find	that	
when	sales	effort	cost	sharing	ratio	ߣ	is	less	than	a	threshold	ܣଵ,	the	profit	of	manufacturer	with	
taking	 incentive	 is	 higher	 than	 that	 of	 without	 taking	 incentive,	 which	 indicates	 that	
manufacturer	 can	 choose	 to	 share	 the	 sales	 effort	 cost	 for	 retailer	 to	 obtain	 higher	 profit.	
Meanwhile,	from	Figure	3(b)	we	can	observe	that	when	sales	effort	cost	sharing	ratio	ߣ	is	less	
than	a	threshold	ܣଶ,	the	profit	of	retailer	with	taking	incentive	is	better	than	that	of	without	
taking	incentive.	We	also	find	when	sales	effort	cost	sharing	ratio	ߣ	is	equal	to	ܣଷ,	retailer	will	
obtain	the	highest	profit	 in	 the	 incentive	contract,	and	ܣଷ ൏ 	set	can	manufacturer	so	ଵ,ܣ the	
optimal	sales	effort	cost	sharing	ratio	ߣ	as	ܣଷ	to	ensure	that	retailer	can	make	more	sales	effort	
actively.	
	

	
(a)																																																																																		(b)	

Figure	3.	The	optimal	strategy	of	manufacturer	and	retailer	when	manufacturer	incentivizes	
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From	Figure	4	we	can	find	that	when	sales	effort	cost	sharing	ratio	ߣ	is	less	than	a	threshold	ܣସ,	
the	product	green	degree	in	the	incentive	contract	is	greater	than	that	of	in	the	non‐incentive	
contract,	and	ܣସ ൌ 	the	in	retailer	of	effort	sales	The	4.	Proposition	with	consistent	is	which	ଵ,ܣ
incentive	contract	is	always	greater	than	that	of	in	the	non‐incentive	contract.	When	retailer	
observes	 that	manufacturer	makes	 green	 investment	 in	products	 and	meanwhile	 shares	 its	
sales	effort	cost,	it	is	helpful	to	encourage	retailer	to	increase	sales	effort.	
	

	
Figure	4.	Comparison	of	product	green	degree	and	sales	effort	when	manufacturer	incentivizes	

5.3. The	Optimal	Strategy	of	Retailer	When	Incentivizing	to	Manufacturer		
We	 take	 ܽ ൌ 4, ܾ ൌ 2, ܿ ൌ 1, ݈ ൌ 0.7, ߟ ൌ 0.8, ߠ ൌ 0.7, ݇ ൌ 0.5 	to	 compare	 and	 analyze	 the	
impact	 of	 cost	 sharing	 ratio	 on	 product	 green	 degree,	 sales	 effort	 and	 the	 profits	 of	
manufacturer	 and	 retailer	 when	 retailer	 takes	 incentive	 to	 manufacturer.	 The	 numerical	
experiment	results	are	shown	in	Figure	5.	and	Figure	6.	
From	Figure	5(a)	we	 can	 find	 that	when	 retailer	 incentivizes	 to	manufacturer,	 the	profit	 of	
manufacturer	 increases	with	 product	 green	 cost	 sharing	 ration	߬	and	 is	 always	 better	 than	
without	 incentive.	 Because	 when	 retailer	 takes	 active	 to	 share	 the	 product	 green	 cost	 for	
manufacturer,	 it	 is	beneficial	 for	manufacturer	 to	 increase	green	 investment	 to	 increase	 the	
market	demand,	further	increase	profit,	while	it	 is	not	necessarily	advantageous	for	retailer.	
From	Figure	5(b)	we	can	know	that	when	product	green	cost	sharing	ration	߬	is	 less	 than	a	
threshold	ܣହ ,	 the	 profit	 of	 retailer	 in	 the	 incentive	 contract	 is	 higher	 than	 that	 of	 without	
incentive,	 and	 the	 retailer’s	profit	 reaches	a	maximum	at	 the	critical	value	of	ܣ଺.	Therefore,	
retailer	can	set	the	optimal	product	green	cost	sharing	ratio	as	ܣ଺	to	obtain	maximum	profit.	
	

	
(a)																																																																																	(b)	

Figure	5.	The	optimal	strategy	of	manufacturer	and	retailer	when	retailer	incentivizes	
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From	Figure	6	we	can	 find	 that	when	 retailer	 incentivizes	manufacturer,	 the	product	green	
degree	 of	manufacturer	 in	 the	 incentive	 contract	 is	 always	 greater	 than	 that	 of	 in	 the	 non‐
incentive	contract,	which	 is	easier	to	understand.	When	retailer	observes	that	manufacturer	
tries	to	improve	product	green	degree,	retailer	also	increases	sales	effort	to	further	increase	
the	market	demand	to	increase	sales	revenue	and	meanwhile	can	make	up	for	the	increase	in	
sharing	cost.	
	

	
Figure	6.	Comparison	of	product	green	degree	and	sales	effort	when	retailer	incentivizes	

6. Conclusion	

In	this	paper,	we	study	the	supply	chain	composed	of	a	single	manufacturer	and	a	single	retailer,	
and	explore	whether	the	manufacturer	and	the	retailer	take	green	marketing	strategy	and	how	
the	manufacturer	 and	 the	 retailer	 establish	 incentive	 contract	 respectively	when	 they	 take	
green	 marketing	 strategy.	 We	 compare	 and	 analyze	 the	 optimal	 decisions	 and	 profit	 of	
manufacturer	and	retailer,	and	finally	do	numerical	analysis	to	further	supplement.	
The	 results	 show	 that	 firstly,	 manufacturer’s	 product	 green	 degree	 and	 wholesale	 price,	
retailer’s	sales	effort	and	selling	price,	market	demand	and	profit	of	manufacturer	and	retailer	
are	all	positively	related	 to	product	green	effect	and	sales	effort	effect,	while	are	negatively	
related	to	product	green	cost	coefficient	and	sales	effort	cost	coefficient.	Secondly,	when	only	
retailer	takes	green	marketing	strategy,	it	is	better	for	manufacturer	to	choose	to	make	green	
investment	in	products.	When	only	manufacturer	takes	green	marketing	strategy,	it	is	greater	
for	 retailer	 to	 chooses	 to	make	 sales	 effort.	 Compared	with	 only	 one	member	 taking	 green	
marketing	strategy,	it	is	more	advantageous	for	both	retailer	and	manufacturer	to	take	green	
marketing	 strategy.	 Finally,	 Cost‐sharing	 contracts	 can	 effectively	 achieve	 supply	 chain	
coordination	within	the	range	of	cost	sharing	ratio	that	manufacturer	and	retailer	are	willing	
to	accept,	which	is	more	beneficial	for	manufacturer	and	retailer	to	incentivize	other	partner	to	
improve	product	green	degree	and	increase	sales	effort	and	thus	realize	profit	maximization.	
Therefore,	 when	 developing	 green	 products	 with	 environmentally	 friendly	 attributes,	 it	 is	
necessary	 to	 pay	 attention	 to	 upstream	 and	 downstream	 enterprises	 to	 coordinate	 green	
investment	and	sales	effort	to	reduce	the	cost	of	green	practice	for	both	members,	and	choose	
an	appropriate	Cost‐sharing	contract	 to	achieve	the	optimal	economy	of	members	 in	supply	
chain	and	product	green	degree	maximization.	
This	 paper	 only	 considers	 a	 two‐echelon	 forward	 supply	 chain,	 and	 future	 research	 can	
consider	the	recycling	behavior	of	manufacturer	and	explore	the	impact	of	recycling	effort	and	
remanufactured	products	on	closed‐loop	supply	chains.	In	addition,	we	can	also	consider	the	
situation	of	supply	uncertainty	and	demand	uncertainty.	
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Proof	 of	 Proposition	 1.	 Solving	 first‐order	 conditions	 ,	 డ௪೅ಿ∗
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ଶ௕ሺ௔ି௕௖ሻ௞ఎ

ሺ௞మିସ௕ఎሻమ
൐ 0,

డగಾ
೅ಿ∗

డ௞
ൌ

ሺ௔ି௕௖ሻమ௞ఎ

ሺ௞మିସ௕ఎሻమ
൐ 0,

డగೃ
೅ಿ∗

డ௞
ൌ

ସ௕௞ሺ௔ఎି௕௖ఎሻమ

ሺସ௕ఎି௞మሻయ
൐ 0.	
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Proof	 of	 Proposition	 2.	 Solving	 first‐order	 conditions	 ,	 డ௣ಿ೅
∗

డఏ
ൌ െ

ሺ௔ି௕௖ሻ௟మ

ଶሺ௟మିଶ௕ఏሻమ
൏ 0,

డ௦ಿ೅
∗

డఏ
ൌ

െ
௕ሺ௔ି௕௖ሻ௟

ሺ௟మିଶ௕ఏሻమ
൏ 0,			

డ஽ಿ೅
∗

డఏ
ൌ െ

௕ሺ௔ି௕௖ሻ௟మ

ଶሺ௟మିଶ௕ఏሻమ
൏ 0,

డగಾ
ಿ೅∗

డఏ
ൌ െ

ሺ௔ି௕௖ሻమ௟మ

ସሺ௟మିଶ௕ఏሻమ
൏ 0,

డగೃ
ಿ೅∗

డఏ
ൌ െ

ሺ௔ି௕௖ሻమ௟మ

଼ሺ௟మିଶ௕ఏሻమ
൏ 0.			

డ௣ಿ೅
∗

డ௟
ൌ

ሺ௔ି௕௖ሻ௟ఏ

ሺ௟మିଶ௕ఏሻమ
൐ 0,

డ௦ಿ೅
∗

డ௟
ൌ

ሺ௔ି௕௖ሻሺ௟మାଶ௕ఏሻ

ଶሺ௟మିଶ௕ఏሻమ
൐ 0,

డ஽ಿ೅
∗

డ௟
ൌ

௕ሺ௔ି௕௖ሻ௟ఏ

ሺ௟మିଶ௕ఏሻమ
൐ 0,

డగಾ
ಿ೅∗

డ௟
ൌ

ሺ௔ି௕௖ሻమ௟ఏ

ଶሺ௟మିଶ௕ఏሻమ
൐ 0,

డగೃ
ಿ೅∗

డ௟
ൌ

ሺ௔ି௕௖ሻమ௟ఏ

ସሺ௟మିଶ௕ఏሻమ
൐

0.	

Proof	 of	Proposition	3.	 Solving	 first‐order	 conditions,	 we	 can	 get	డ௪
೅೅∗

డఎ
ൌ

ሺ௔ି௕௖ሻ௞మఏሺ௟మିଶ௕ఏሻ

௕ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏

0,
డ௣೅೅

∗

డఎ
ൌ

ሺ௔ି௕௖ሻ௞మఏሺ௟మିଷ௕ఏሻ

௕ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డ௚೅೅
∗

డఎ
ൌ

ଶሺ௔ି௕௖ሻ௞ఏሺ௟మିଶ௕ఏሻ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డ௦೅೅
∗

డఎ
ൌ െ

ሺ௔ି௕௖ሻ௞మ௟ఏ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డ஽೅೅
∗

డఎ
ൌ

െ
௕ሺ௔ି௕௖ሻ௞మఏమ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డగಾ
೅೅∗

డఎ
ൌ െ

ሺ௔ି௕௖ሻమ௞మఏమ

ଶሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డగೃ
೅೅∗

డఎ
ൌ

ሺ௔ି௕௖ሻమ௞మఎఏమሺଶ௕ఏି௟మሻ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻయ
൏ 0 .	

డ௪೅೅∗

డ௞
ൌ

ଶሺ௔ି௕௖ሻ௞ఎఏሺଶ௕ఏି௟మሻ

௕ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డ௣೅೅
∗

డ௞
ൌ

ଶሺ௔ି௕௖ሻ௞ఎఏሺଷ௕ఏି௟మሻ

௕ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డ௚೅೅
∗

డ௞
ൌ

ሺ௔ି௕௖ሻఏሺିଶ௟మఎାሺ௞మାସ௕ఎሻఏሻ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డ௦೅೅
∗

డ௞
ൌ

ଶሺ௔ି௕௖ሻ௞௟ఎఏ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డ஽೅೅
∗

డ௞
ൌ

ଶ௕ሺ௔ି௕௖ሻ௞ఎఏమ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డగಾ
೅೅∗

డ௞
ൌ

ሺ௔ି௕௖ሻమ௞ఎఏమ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డగೃ
೅೅∗

డ௞
ൌ

ଶሺ௔ି௕௖ሻమ௞ఎమఏమሺ௟మିଶ௕ఏሻ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻయ
൐ 0 .	

డ௪೅೅∗

డఏ
ൌ െ

ሺ௔ି௕௖ሻ௞మ௟మఎ

௕ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డ௣೅೅
∗

డఏ
ൌ െ

ሺ௔ି௕௖ሻ௟మఎሺ௞మାଶ௕ఎሻ

௕ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డ௚೅೅
∗

డఏ
ൌ

െ
ଶሺ௔ି௕௖ሻ௞௟మఎ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డ௦೅೅
∗

డఏ
ൌ

ሺ௔ି௕௖ሻ௟ఎሺ௞మିସ௕ఎሻ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డ஽೅೅
∗

డఏ
ൌ െ

ଶ௕ሺ௔ି௕௖ሻ௟మఎమ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డగಾ
೅೅∗

డఏ
ൌ

െ
ሺ௔ି௕௖ሻమ௟మఎమ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൏ 0,

డగೃ
೅೅∗

డఏ
ൌ

ሺ௔ି௕௖ሻమఎమሺିଶ௟రఎା௟మሺ௞మାସ௕ఎሻఏሻ

ଶሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻయ
൏ 0 .	

డ௪೅೅∗

డ௟
ൌ

ଶሺ௔ି௕௖ሻ௞మ௟ఎఏ

௕ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డ௣೅೅
∗

డ௟
ൌ

ଶሺ௔ି௕௖ሻ௟ఎሺ௞మାଶ௕ఎሻఏ

௕ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డ௚೅೅
∗

డ௟
ൌ

ସሺ௔ି௕௖ሻ௞௟ఎఏ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డ௦೅೅
∗

డ௟
ൌ

ሺ௔ି௕௖ሻఎሺଶ௟మఎି௞మఏାସ௕ఎఏሻ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డ஽೅೅
∗

డ௟
ൌ

ସ௕ሺ௔ି௕௖ሻ௟ఎమఏ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డగಾ
೅೅∗

డ௟
ൌ

ଶሺ௔ି௕௖ሻమ௟ఎమఏ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
൐ 0,

డగೃ
೅೅∗

డ௟
ൌ െ

ሺ௔ି௕௖ሻమ௟ఎమఏሺିଶ௟మఎାሺ௞మାସ௕ఎሻఏሻ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻయ
൐ 0.	

Proof	of	Proposition	4.	்݃ே∗ െ ்்݃
∗
ൌ െ

ଶሺ௔ି௕௖ሻ௞௟మఎ

ሺ௞మିସ௕ఎሻሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻ
൏ 0,	 so	்݃ே

∗
൏ ்்݃

∗
,	 ெߨ	

்ே∗ െ ெߨ
்்∗ ൌ

െ
ሺ௔ି௕௖ሻమ௟మఎమ

ሺ௞మିସ௕ఎሻሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻ
,	so	ߨெ

்ே∗ ൏ ெߨ
ோߨ	,∗்்

்ே∗ െ ோߨ
்்∗ ൌ െ

ሺ௔ି௕௖ሻమ௟మఎమሺ଼௕ఎమሺଶ௕ఏି௟మሻି௞రఏሻ

ଶሺ௞మିସ௕ఎሻమሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
,	from	the	assumption	

ܾ ൐
௟మఎା௞మఏ

ఎఏ
	we	can	know	8ܾߟଶሺ2ܾߠ െ ݈ଶሻ െ ݇ସߠ ൐ 0,	so	ߨோ

்ே∗ ൏ ோߨ
்்∗.	

Proof	 of	Proposition	 ெே்ߨ	.5
∗
െ ெߨ

்்∗ ൌ െ
ሺ௔ି௕௖ሻమ௞మఏమ

ସሺ௟మିଶ௕ఏሻሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻ
൏ 0,	 so	ߨெ

ே்∗ ൏ ெߨ
்்∗ ே்ݏ	,

∗
െ ்்ݏ

∗
ൌ

െ
ሺ௔ି௕௖ሻ௞మ௟ఏ

ଶሺ௟మିଶ௕ఏሻሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻ
൏ 0 ,	 so	 ே்ݏ

∗
൏ ்்ݏ

∗
,	 ோߨ

ே்∗ െ ோߨ
்்∗ ൌ

ሺ௔ି௕௖ሻమ௞మఏమሺ଼௕ఎఏିସ௟మఎି௞మఏሻ

଼ሺ௟మିଶ௕ఏሻሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమ
,	 from	 the	

assumption	ܾ ൐
௟మఎା௞మఏ

ఎఏ
	we	can	know		8ܾߠߟ െ 4݈ଶߟ െ ݇ଶߠ ൐ 0	and	݈ଶ െ ߠ2ܾ ൏ 0,	so	ߨோ

ே்∗ ൏ ோߨ
்்∗.	

Proof	of	Proposition	6.	 (i)	்݃௓∗ െ ்்݃
∗
ൌ

ሺ௔ି௕௖ሻ௞௟మఎఏఒሺଵିଶఒሻ

ሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻሺሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻሻ
,	 let	1 െ ߣ2 ൌ 0,	we	

can	 get	 a	 threshold	 ߣ ൌ
ଵ

ଶ
,	 if	 0 ൏ ߣ ൏

ଵ

ଶ
,	 ்݃௓

∗
െ ்்݃

∗
൐ 0 .	 Otherwise,	 ்݃௓∗ െ ்்݃

∗
൑ 0 . ெߨ

்௓∗ െ ெߨ
்்∗ ൌ

ሺ௔ି௕௖ሻమ௟మఎమఏఒሺଵିଶఒሻ

ଶሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻሺሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻሻ
,	similarly,	if	0 ൏ ߣ ൏

ଵ

ଶ
ெߨ	,

்௓∗ െ ெߨ
்்∗ ൐ 0.	Otherwise,	ߨெ

்௓∗ െ ெߨ
்்∗ ൑

0.	

(ii)	 ௓்ݏ
∗
െ ்்ݏ

∗
ൌ

ሺ௔ି௕௖ሻ௟ఎሺሺସ௕ఎି௞మሻఏሺଵିఒሻି௟మఎሻఒ

ሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻሺሺସ௕ఎି௞మሻఏሺଵିఒሻమା௟మఎሺଷఒିଶሻሻ
,	 from	 the	 previous	 assumption,	 we	 can	

know	்ݏ௓∗ െ ்்ݏ
∗
൐ 0,	so	we	can	get	்ݏ௓

∗
൐ ்்ݏ

∗
.	

Proof	 of	 Proposition	 7.	 (i)	 ∗௅்ݏ െ ்்ݏ
∗
ൌ

ሺ௔ି௕௖ሻ௞మ௟ఎఏఛ

ሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻሺଶఎሺଶ௕ఏି௟మሻሺଵିఛሻି௞మఏሻ
,	 from	 the	 previous	

assumption,	we	can	know	்ݏ௅∗ െ ்்ݏ
∗
൐ 0,	so	்ݏ௅

∗
൐ ்்ݏ

∗
.	

ோߨ
்௅∗ െ ோߨ

்்∗ ൌ
ሺ௔ି௕௖ሻమ௞మఎఏమఛሺ௞మఎఏሺଶ௕ఏି௟మሻሺଶାఛሻି௞రఏమିସఎమሺ௟మିଶ௕ఏሻమఛሻ

ଶሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻమሺ௞మఏିଶఎሺ௟మିଶ௕ఏሻሺିଵାఛሻሻమ
,	 let	 ݇ଶߠߟሺ2ܾߠ െ ݈ଶሻሺ2 ൅ ߬ሻ െ ݇ସߠଶ െ

ଶሺ݈ଶߟ4 െ ሻଶ߬ߠ2ܾ ൌ 0 	we	 can	 get	 a	 threshold	 ߬ ൌ ௞మఏሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻ

ఎሺଶ௕ఏି௟మሻሺሺ଼௕ఎି௞మሻఏିସ௟మఎሻ
,	 so	 we	 can	 know	 if	 ߬ ൏

௞మఏሺሺସ௕ఎି௞మሻఏିଶ௟మఎሻ

ఎሺଶ௕ఏି௟మሻሺሺ଼௕ఎି௞మሻఏିସ௟మఎሻ
,	then	ߨோ

்௅∗ ൐ ோߨ
்்∗.	Otherwise,	ߨோ்௅

∗
൑ ோߨ

்்∗.	

(ii)	 ்݃௅
∗
െ ்்݃

∗
ൌ

ଶఎሺଶ௕ఏି௟మሻఛሺ௔ି௕௖ሻ௞ఏ

ሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻቀିఏ൫௞మାସ௕ఎሺିଵାఛሻ൯ାଶ௟మఎሺିଵାఛሻቁ
൐ 0 ,	 so	 we	 can	 get	 ்݃௅∗ ൐ ்்݃

∗
.	 	 ெߨ

்௅∗ െ

ெߨ
்்∗ ൌ

ሺ௔ି௕௖ሻమ௞మఎఏమఛ

ଶሺଶ௟మఎାሺ௞మିସ௕ఎሻఏሻሺଶఎሺଶ௕ఏି௟మሻሺଵିఛሻି௞మఏሻ
൐ 0,	so	we	can	get	ߨெ்௅

∗
൐ ெߨ

்்∗.	


