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Abstract	

The	 carbon	 neutrality	 and	 carbon	 peaking	 targets	 have	 attracted	 much	 research	
attention	 recently.	Carbon	 emission	 constraints	 already	 influence	 the	manufacturing	
decisions	of	a	company,	where	the	government	plays	a	critical	role	in	the	green	supply	
chains.	In	this	paper,	the	influence	of	government	conditional	subsidy	policy	on	green	
supply	chain	decisions	is	investigated,	including	two	government	subsidy	strategies	and	
two	game	dominant	parties,	i.e.,	the	supplier	dominance	under	basic	subsidy,	the	retailer	
dominance	under	basic	subsidy,	the	supplier	dominance	under	conditional	subsidy,	and	
the	retailer	dominance	under	conditional	subsidy.	First,	a	Stackelberg	game	model	with	
carbon	 quota	 constraints	 is	 constructed,	 with	 consideration	 of	 consumers'	 green	
preferences.	Then,	 the	revenue	sharing	contracts	 is	 introduced.	Finally,	 the	 impact	of	
correlation	coefficient	analysis	on	supply	chain	decisions	and	profits	have	been	analyzed.	
The	results	show	 that	government	conditional	subsidies	are	more	 favorable	 to	green	
economy	 development	 and	 industrial	 clusters,	 and	 revenue	 sharing	 contracts	 can	
further	 increase	 supply	 chain	profits.	This	 study	provides	a	 foundation	 for	 company	
decision	makers	and	government	policy	makers.	
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1. Introduction	

With	 an	 increasing	 demand	 for	 green	 products	 and	 the	 rapid	 industrial	 development,	 the	
greenhouse	effect	and	environmental	pollution	have	aggravated	[1,	2].	Carbon	emission	is	one	
of	the	major	causes	of	the	greenhouse	effect.	To	achieve	goal	of	"carbon	neutrality"	and	"carbon	
peaking",	governments	around	the	world	have	established	carbon	trading	markets	to	control	
and	 reduce	 carbon	 emissions	 by	 using	 market	 mechanisms	 [3‐6].	 A	 survey	 of	 emerging	
economies	in	Asia	shows	that	green	supply	chain	management	alleviates	environment	pollution	
and	improves	economic	efficiency	[7].	Therefore,	to	promote	the	green	economy,	governments	
have	 implemented	 different	 intervention	 policies,	 which	 aimed	 at	 pushing	 companies	 to	
improve	the	greenness	property	of	their	products	during	production.	For	example,	 in	China,	
manufacturers	of	new	energy	vehicles	can	not	only	accumulate	new	energy	vehicle	points	for	
free	 trade,	 but	 also	 receive	 government	 subsidies.	 In	 addition,	 consumers	 are	 in	 favor	 of	
purchasing	 green	 and	 low‐carbon	 products	 due	 to	 the	 increased	 awareness	 of	 social	
responsibility	and	environmental	protection	 [8].	Therefore,	 the	 impact	of	 carbon	emissions,	
government	intervention	policies	and	consumers'	preference	for	green	products	will	prompt	
firms	to	consider	production	and	pricing	issues	in	the	supply	chain.	
In	this	paper,	a	Stackelberg	game	model	with	different	power	structures	is	developed,	in	the	
context	of	carbon	emission	cap‐and‐trade	mechanism	and	consumers'	green	preferences,	 to	
investigate	the	production	decision	problem	of	suppliers	and	manufacturers	under	different	
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government	subsidies.	The	government	subsidies	can	be	divided	into	two	types:	basic	subsidies	
and	conditional	subsidies,	resulting	in	four	supply	chain	subsidy	structure	models:	supplier‐
dominated	 in	basic	 subsidies	 (D	 case),	 green	manufacturer‐dominated	 in	basic	 subsidies	 (T	
case),	 supplier‐dominated	 in	 conditional	 subsidies	 (SD	 case)	 and	 green	 manufacturer‐
dominated	in	conditional	subsidies	(ST	case).	By	analyzing	and	comparing	the	optimal	pricing	
and	production	decisions	under	different	cases,	the	revenue	sharing	contract	is	introduced	to	
further	improve	the	overall	supply	chain	revenue.	The	primary	contributions	of	this	paper	are	
as	follows:	1)	the	effects	of	different	subsidy	policies	on	green	supply	chain	decisions,	carbon	
emissions	and	profits	under	the	carbon	quota	constraint	have	been	compared;	2)	the	policy	
effects	of	conditional	subsidies	have	been	evaluated	by	observing	the	changes	in	supply	chain	
revenues	and	 carbon	emissions;	3)	 a	 coordination	 contract	mechanism	 is	proposed,	 so	 that	
decision	makers	 can	 achieve	 the	 optimal	 revenues	 under	 centralized	 decisions	 even	 when	
decentralized	decisions	are	made	through	revenue	sharing	contracts.	

2. Related	Work	

In	 this	 section,	 two	 aspects	 of	 existing	 work	 are	 reviewed	 and	 summarized,	 including	 the	
government	policies	and	carbon	emissions.	

2.1. Government	Policies	
Existing	studies	suggest	that	appropriate	government	subsidies	can	promote	the	development	
of	 a	 green	 economy.	 The	 impact	 of	 government	 policies	 on	 green	 supply	 chains	 have	 been	
investigated	 from	 different	 perspectives.	 From	 the	 government	 intervention	 mechanisms	
perspective,	a	study	by	Sheu	and	Chen	[9]	compared	the	impact	of	government	green	taxes	and	
subsidies	acting	on	green	supply	chains.	Ma	et	al	[10]	found	that	the	subsidy	mechanism	was	
more	 effective	 in	 influencing	 green	 supply	 chain	 strategies	 compared	 to	 taxes.	 From	 the	
perspective	of	the	target	of	government	subsidies,	Cohen	et	al.	[11]	studied	the	intervention	
effect	of	government	subsidies	acting	on	different	members	of	the	supply	chain;	Meng	et	al.	[12]	
found	that	the	government	tends	to	subsidize	the	core	suppliers	in	the	supply	chain	rather	than	
both	 manufacturers	 and	 upstream	 suppliers.	 Hafezalkotob	 et	 al.	 [13]	 and	 Meng	 et	 al.	 [14]	
studied	 the	effect	of	government	subsidy	policies	on	dual‐channel	green	supply	chain.	They	
found	 that	 appropriate	 subsidies	 increase	 the	demand	 for	 green	products	 and	promote	 the	
development	of	green	economy.	

2.2. Carbon	Emissions	
However,	most	studies	are	limited	to	the	study	of	one	aspect	of	carbon	emission	policies.	Li	et	
al.	[15]	and	Wang	et	al.	[16]	studied	the	effects	of	carbon	subsidies	and	carbon	taxes	on	different	
types	of	supply	chains	from	the	perspectives	of	carbon	subsidies	and	carbon	taxes,	respectively.	
Li	et	al.	 [17]	and	Xu	et	al.	 [18]	 investigated	 the	 intervention	effects	of	different	government	
subsidies	on	supply	chain	members'	decisions	under	carbon	cap‐and‐trade	mechanisms.	Du	et	
al.	 [19]	 studied	 the	 pricing	 and	 decision	 making	 of	 manufacturers	 considering	 consumers'	
environmental	 awareness	 under	 a	 carbon	 cap‐and‐trade	 system.	 Xu	 et	 al.	 [20]	 considered	
supply	 chain	 coordination	 under	 carbon	 cap‐and‐trade	 rules.	 Yang	 et	 al.	 [21]	 showed	 that	
carbon	 trading	policies	always	outperform	carbon	emission	policies	and	carbon	 tax	policies	
when	the	allocated	carbon	emissions	meet	certain	conditions.	
In	 summary,	 the	 aforementioned	studies	have	only	 considered	 the	basic	 subsidy	 that	 affect	
individual	decision	maker	members	of	green	supply	chains,	or	carbon	emissions	trading	and	
limits.	However,	the	conditional	subsidies	that	can	promote	industrial	clusters	and	the	impact	
of	different	power	structures	on	green	supply	chain	decisions	have	been	rarely	considered.	
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3. Problem	Description	and	Assumptions	

Figure	1	shows	the	proposed	green	supply	chain	model.	Following	Su's	hypothesis	[22],	a	two‐
level	supply	chain	Stackelberg	game	model	consisting	of	a	single	supplier	S	and	a	single	green	
direct‐selling	manufacturer	M	(hereafter	referred	as	the	green	manufacturer)	is	developed.	The	
green	manufacturer	under	the	carbon	quota	constraint	purchases	raw	materials	from	suppliers,	
produces	green	products	and	sells	them	directly	to	consumers.	The	government	gives	the	green	
manufacturer	a	basic	subsidy	for	producing	green	products.	If	the	supplier	become	a	compliant	
supplier	 by	 obtaining	 government	 qualification	 certification	 and	moving	 into	 the	 industrial	
park,	 the	government	gives	the	green	manufacturer	an	additional	subsidy	for	purchasing	its	
raw	materials,	i.e.,	a	conditional	subsidy.	

Unit product base 
subsidy s, carbon quota E

Green manufacturers 
receive an additional 

subsidy per unit of product 
when purchasing products 
from compliant suppliers t

Wholesale price of 
raw materials w

Product retail 
price p, 

greenness g

Suppliers
Green 

Manufacturers
Consumers

Government 

	
Figure	1.	Green	Supply	Chain	Model	

3.1. Symbol	Definition		
Table	1.	Symbols	and	their	descriptions	

Symbols	 Meaning	 Symbols Meaning	

	ݓ
Wholesale	price	of	raw	
materials	from	suppliers	

	ݎ Price	per	unit	of	carbon	credits	

	݌
Retail	price	of	the	green	
manufacturer's	product	

	ܧ
Maximum	carbon	emissions	set	by	the	

government	

݃	 Greenness	of	the	product	 	ߣ
Carbon	reduction	rate	of	the	green	

manufacturer's	product	when	using	raw	
materials	from	compliant	suppliers	

	ݍ
Market	demand	for	the	green	

product	
	ߤ

Potential	market	coefficient	for	increased	
market	demand	using	raw	materials	from	

compliant	suppliers,	1<ߤ	

ܽ	 Potential	market	demand	for	
green	products	

	ݏ Government	basic	subsidy	for	green	
manufacturers	

ܾ	
Price	sensitivity	coefficient	for	

green	products	
	ݐ

Additional	subsidies	for	green	manufacturers	
by	choosing	compliant	suppliers,	government	

conditional	subsidies	

݇	 Consumer	green	preference	
coefficient	

φ	 Costs	for	the	suppliers	to	become	compliant	
suppliers	

	ߟ Green	manufacturer	product	
development	impact	factor	 ௜ߎ

௝	
Profit	of	decision	member	݅	under	decision	

model	݆	

݁	
Carbon	emissions	per	unit	of	
product	produced	by	green	

supplier	
	 	

3.2. Model	Assumptions		
The	following	assumptions	have	been	made	in	this	paper.	
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1)	Assume	that	a	green	manufacturer	consumes	exactly	one	unit	of	raw	material	for	each	unit	
of	green	product	produced,	and	the	supplier	pays	a	fixed	cost	of	ܿ	for	producing	a	unit	of	raw	
material.	
2)	Following	the	previous	studies	[20,	23],	the	market	demand	for	green	products	is	influenced	
by	both	retail	prices	and	consumers'	green	preferences,	and	consumers	prefer	to	buy	products	
with	high	greenness	and	low	prices.	It	is	assumed	that	the	market	demand	of	green	products	is	
ݍ ൌ ܽ െ ݌ܾ ൅ ݇݃.	Without	 loss	 of	 generality,	ܽ െ ݌ܾ ൐ 0, ݌ ൐ ݓ ൐ ܿ,	 which	 ensures	 positive	
profit	of	supply	chain	sales.	
3)	To	 satisfy	 the	green	demand	of	 consumers,	 companies	 increase	 their	R&D	 investment	 to	
improve	the	technology	level.	Following	the	settings	in	[20],	the	R&D	results	are	quadratically	
related	 to	 the	 R&D	 investment.	 Assuming	 that	 the	 R&D	 costs	 are	 all	 borne	 by	 the	 green	

manufacturer,	the	R&D	cost	of	green	products	is	ఎ௚
మ

ଶ
.	

4)	Under	the	basic	subsidy	policy,	the	unit	product	subsidy	obtained	by	the	green	manufacturer	
is	ݏ .	 Under	 the	 conditional	 subsidy	 policy,	 after	 the	 supplier	 pays	 the	 cost	φ	to	 become	 a	
compliant	 supplier	 and	 is	 purchased	 by	 the	 green	manufacturer,	 the	 government	 gives	 the	
green	 manufacturer	 an	 additional	 subsidy	 ݐ 	per	 unit	 product,	 at	 which	 time	 the	 potential	
market	demand	 for	 green	products	becomes	higher,	 and	 the	 increase	 coefficient	 is	ߤ, ߤ ൐ 1,	
then	 the	 demand	 for	 green	 products	 is	 ݍ ൌ ܽߤ െ ݌ܾ ൅ ݇݃ .	 The	 assumption	 ensures	 that	
suppliers	 have	 an	 incentive	 to	 pay	 a	 certain	 cost	φ ,	 and	 become	 a	 compliant	 supplier	 by	
obtaining	the	government	qualification	and	moving	into	the	industrial	park.	
5)	Following	the	settings	of	carbon	emission	and	trading	mechanism	in	[20,	24],	it	is	assumed	
that	 the	carbon	quota	given	by	 the	government	can	be	 traded	 twice	 in	 the	carbon	emission	
rights	trading	market,	the	carbon	emission	per	unit	of	product	produced	by	the	manufacturer	
is	݁	the	price	per	unit	of	carbon	emission	right	is	ݎ,	and	the	maximum	carbon	emission	given	by	
the	government	to	the	manufacturer	is	ܧ.	In	fact,	the	government	will	give	extra	subsidies	to	
the	enterprises	purchasing	products	in	the	park,	which	will	reduce	the	carbon	emission	in	the	
transportation	and	carbon	emissions	in	the	production	process.	In	this	paper,	we	assume	that	
ߣ 	is	 the	 emission	 reduction	 rate	 when	 using	 raw	 materials	 from	 compliant	 suppliers	 for	
production.	

3.3. Modeling	
We	denote	the	aforementioned	four	cases,	i.e.,	supplier‐dominated	scenario	in	the	basic	subsidy,	
the	 green	 manufacturer‐dominated	 scenario	 in	 the	 basic	 subsidy,	 the	 supplier‐dominated	
scenario	 in	 the	 conditional	 subsidy	 and	 the	 green	manufacturer‐dominated	 scenario	 in	 the	
conditional	 subsidy	 using	 the	 index	 ݆ ൌ ,ܦ ܶ, ,ܦܵ ܵܶ .	 The	 superscript	 indices	 denote	 the	
equilibrium	solutions	in	the	four	scenarios,	the	lower	corners	ܵ	and	ܯ	denote	the	suppliers	and	
green	manufacturers.	Based	on	the	above	assumptions,	it	is	known	that	the	supplier	profit	Πௌ

௝	
and	the	green	manufacturer	Πெ

௝ 	profit	under	the	basic	subsidy	policy	can	be	expressed	as	the	
following:	

max
௪

Πௌ
௝ ൌ ሺݓ െ ܿሻሺܽ െ ݌ܾ ൅ ݇݃ሻ ሺ1ሻ 

max
௣,௚

Πெ
௝ ൌ ሺ݌ െ ݓ ൅ ሻሺܽݏ െ ݌ܾ ൅ ݇݃ሻ െ ሺ݁ሺܽݎ െ ݌ܾ ൅ ݇݃ሻ െ ሻܧ െ

ଶ݃ߟ

2
ሺ2ሻ	

The	compliance	supplier	profit	Πௌ
௝	and	the	green	manufacturer	Πெ

௝ 	profit	under	the	conditional	
subsidy	policy	are:	

max
௪

Πௌ
௝ ൌ ሺݓ െ ܿሻሺܽߤ െ ݌ܾ ൅ ݇݃ሻ െ φ ሺ3ሻ 
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max
௣,௚

Πெ
௝ ൌ ሺ݌ െ ݓ ൅ ݏ ൅ ܽߤሻሺݐ െ ݌ܾ ൅ ݇݃ሻ െ ሺ݁ሺ1ݎ െ ܽߤሻሺߣ െ ݌ܾ ൅ ݇݃ሻ െ ሻܧ െ

ଶ݃ߟ

2
ሺ4ሻ	

4. Solutions	and	Analysis	

The	 optimal	 decisions	 and	 profits	 of	 the	 Stackelberg	 game	 between	 suppliers	 and	 green	
manufacturers	are	solved	and	compared	under	four	scenarios,	with	symmetric	information	and	
neutral	 risk	 aversion	 among	 green	 supply	 chain	 members.	 The	 effects	 of	 carbon	 quota	
constraints,	consumer	green	preferences	and	different	government	subsidy	policies	on	green	
supply	chain	decisions	are	analyzed.	Then	the	revenue	sharing	contract	is	introduced	to	adjust	
the	firm's	revenue	to	the	level	under	centralized	decision	making.	The	equilibrium	solutions	of	
decision	variables	and	profits	under	each	scenario	are	shown	in	Table	2.	
	

Table	2.	Equilibrium	solutions	and	profits	of	the	model	under	different	scenarios	
	 D	 T	 SD	 ST	

	∗ݓ
ܾሺΜ ൅ 2ܿሻ ൅ ܽ

2ܾ
	
ሺܾሺܯ ൅ 4ܿሻ ൅ ܽሻߟ െ ܿ݇ଶ

Υ

ሺΝ ൅ 2ܿሻܾ ൅ ܽߤ
2ܾ

	
ሺܾሺΝ ൅ 4ܿሻ ൅ ߟሻܽߤ െ ܿ݇ଶ

Υ
	

	∗݌
ܾΑΜ ൅ ܽΒ

2ܾΧ
	

ΑΜ ൅ ߟ3ܽ
Υ

	
ܾΑΝ ൅ Βܽߤ

2ܾΧ
	

ΑΝ ൅ ߟߤ3ܽ
Υ

	

݃∗	
݇ሺܾΜ ൅ ܽሻ

2Χ
	

݇ሺܽ ൅ ܾΜሻ
Υ

	
݇ሺܾΝ ൅ ሻܽߤ

2Χ
	

݇ሺܾΝ ൅ ሻܽߤ
Υ

	

	∗ݍ
ሺܾΜ ൅ ܽሻܾߟ

2Χ
	

ሺܾΜ ൅ ܽሻܾߟ
Υ

	
ሺܾΝ ൅ ܾߟሻܽߤ

2Χ
	

ሺܾΝ ൅ ߟሻܾܽߤ
Υ

	

ௌߎ
∗	

ሺܾΜߟ ൅ ܽሻଶ

4Χ
	

ଶܾሺܾΜߟ ൅ ܽሻଶ

Υଶ
	

ሺܾΝߟ ൅ ሻଶܽߤ

4Χ
െ φ	

ଶሺܾΝߟܾ ൅ ሻଶܽߤ

Υଶ
െ φ	

ெߎ
∗ 	

ሺܾΜߟ ൅ ܽሻଶ

8Χ
൅ 	ݎܧ

ሺܾΜߟ ൅ ܽሻଶ

2Υ
൅ 	ݎܧ

ሺܾΝߟ ൅ ሻଶܽߤ

8Χ
൅ ሺ1ݎܧ െ 	ሻߣ

ሺܾΝߟ ൅ ሻଶܽߤ

2Υ
൅ ሺ1ݎܧ െ 	ሻߣ

ௌାெߎ
∗ 	

ሺܾΜߟ3 ൅ ܽሻଶ

8Χ
൅ 	ݎܧ

ߟሺ6ܾߟ െ ݇ଶሻሺܾΜ ൅ ܽሻଶ

2Υଶ
൅ 	ݎܧ

ሺܾΝߟ3 ൅ ሻଶܽߤ

8Χ
൅ ሺ1ݎܧ െ ሻߣ െ φ	

ߟሺ6ܾߟ െ ݇ଶሻሺܾΝ ൅ ሻଶܽߤ

2Υଶ
൅ ሺ1ݎܧ െ ሻߣ
െ φ	

The	meanings	of	the	relevant	parameters	in	the	table	are	as	follows.	
	

Table	3.	Meaning	of	the	relevant	parameters	
Parameter	 Meaning	 Parameter	 Meaning	

Μ	 ݏ െ ݎ݁ െ ܿ	 Α	 ݇ଶ െ 	ߟܾ
Ν	 ݏ ൅ ݐ െ ܿ െ ሺ1 െ 	ݎሻ݁ߣ Β	 ߟ3ܾ െ ݇ଶ	
Χ	 ߟ2ܾ െ ݇ଶ	 Υ	 ߟ4ܾ െ ݇ଶ	

4.1. Analysis	of	Game	Results	under	Different	Scenarios	

Proposition	 1	 (1) ௌݓ
஽∗ ൐ ௌݓ

்∗;	݃ெ
஽∗ ൐ ݃ெ

்∗; 	0 ൏ ݇ ൏ ඥܾߟ, ெ݌
்∗ ൐ ெ݌

஽∗;	ඥܾߟ ൏ ݇ ൏ ඥ2ܾߟ, ெ݌
஽∗ ൐

ெ݌
ௌߎ  ;∗்

஽∗ ൐ ௌߎ
்∗; 	0 ൏ ݇ ൏ ටସ௕ఎ

ଷ
, ெߎ

஽∗ ൏ ெߎ
்∗;	ටସ௕ఎ

ଷ
൏ ݇ ൏ ඥ2ܾߎ,ߟெ

஽∗ ൐ ெߎ
்∗;  

(2) ௌݓ	
ௌ஽∗ ൐ ௌݓ

ௌ்∗; 	݃ெ
ௌ஽∗ ൐ ݃ெ

ௌ்∗ ; 	0 ൏ ݇ ൏ ඥܾߟ, ெ݌
ௌ்∗ ൐ ெ݌

ௌ஽∗ ;	 ඥܾߟ ൏ ݇ ൏ ඥ2ܾߟ, ெ݌
ௌ஽∗ ൐

ெ݌
ௌ்∗;	ߎௌ

ௌ஽∗ ൐ ௌߎ
ௌ்∗; 0 ൏ ݇ ൏ ටସ௕ఎ

ଷ
, ெߎ

ௌ஽∗ ൏ ெߎ
ௌ்∗;	ටସ௕ఎ

ଷ
൏ ݇ ൏ ඥ2ܾߎ,ߟெ

ௌ஽∗ ൐ ெߎ
ௌ்∗.  
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Proposition	1	reveals	that	the	optimal	wholesale	price,	product	greenness	and	supplier	profit	
are	greater	in	the	supplier‐dominated	model	than	in	the	green	manufacturer‐dominated	model,	
regardless	of	the	subsidy	method.	This	is	because	that	the	suppliers	have	more	power	of	speech	
in	 the	 "seller's	 market",	 while	 the	 green	 manufacturer‐dominated	 model	 is	 equivalent	 to	
corporate	“tendering”.	This	is	due	to	the	fact	that	suppliers	in	the	"seller's	market"	have	more	
speech	power,	while	the	green	manufacturer‐led	model	 is	equivalent	 to	corporate	"bidding"	
behavior,	and	suppliers	must	reduce	the	wholesale	price	to	obtain	orders,	thus	compressing	
profit	 margins.	When	 consumer	 green	 preferences	 are	 low,	 the	 retail	 prices	 and	 profits	 of	
products	are	higher	when	green	manufacturers	dominate	 than	when	suppliers	dominate.	 In	
contrast,	when	consumer	green	preferences	are	high,	the	opposite	is	true.	This	indicates	that	
green	manufacturers	are	more	sensitive	to	the	perception	of	consumers'	green	preferences	due	
to	 their	 direct	 contact	with	 consumers,	 and	 consumers'	 green	 preferences	 have	 a	 stronger	
influence	on	their	decision‐making	behavior.	

Proposition	2	  
డ௽ಾ

ೕ

డா
൐ 0;	

డ௽ೄ
ೕ

డ௘௥
൏ 0,

డ௽ಾ
ೕ

డ௘௥
൏ 0,

డ௪ೄ
ೕ

డ௘௥
൏ 0,

డ௚ಾ
ೕ

డ௘௥
൏ 0; 	0 ൏ ݇ ൏ ඥܾߟ,

డ௣ಾ
ೕ

డ௘௥
൐ 0,ඥܾߟ ൏ ݇ ൏

ඥ2ܾߟ,
డ௣ಾ

ೕ

డ௘௥
൏ 0, where ݆ ൌ ,ܦ ܶ, ,ܦܵ ܵܶ. 	

Proposition	2	shows	that	regardless	of	the	subsidy	method,	the	green	manufacturer	profit	is	an	
incremental	function	of	the	government‐given	carbon	allowance.	This	is	because	that	with	the	
establishment	of	the	carbon	trading	market,	carbon	emission	rights	become	an	asset	of	the	firm	
itself	due	to	its	tradable	nature.	The	optimal	wholesale	price,	product	greenness,	and	supplier	
and	green	manufacturer	profits	decrease	as	the	cost	of	carbon	increases,	and	the	retail	price	
increases	and	then	decreases	with	the	cost	of	carbon	as	consumer	green	preferences	increase.	
Green	suppliers	can	offset	part	of	the	negative	effect	of	carbon	emission	cost	with	the	carbon	
allowance	given	by	the	government.	
Proposition	3	(1) ߮ ൏ ߮ଵ,	ߎௌ

ௌ஽∗ ൐ ௌߎ
஽∗; ߣ ൐ ெߎ	,ଵߣ

ௌ஽∗ ൐ ெߎ
஽∗;  

(2) ߮ ൏ ߮ଶ,	ߎௌ
ௌ்∗ ൐ ௌߎ

ߣ ;∗் ൐ ெߎ	,ଶߣ
ௌ்∗ ൐ ெߎ

்∗. 

Where ߮ଵ ൌ
ఎ൫௕ሺଶ௦ା௧ିሺଶିఒሻ௘௥ିଶ௖ሻା௔ሺఓାଵሻ൯൫௕ሺఒ௘௥ା௧ሻା௔ሺఓିଵሻ൯

ସሺଶ௕ఎି௞మሻ
, 
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ସ
ቁ
ଶ
ቍ	 

Proposition	3	compares	the	optimal	profits	of	both	suppliers	and	green	manufacturers	under	
different	 subsidy	policies.	 It	 is	 found	 that	only	by	 setting	 appropriate	 compliance	 costs,	 the	
profits	 of	 suppliers	 after	 compliance	 can	 be	 greater	 than	 those	 before	 compliance,	 and	 the	
compliance	cost	thresholds	under	supplier	and	green	manufacturer	domination	are	߮ଵ	and	߮ଶ,	
respectively,	 which	 are	 positively	 related	 to	 the	 market	 expansion	 coefficient	 and	 carbon	
reduction	 rate.	߮ଵ ൐ ߮ଶ 	indicates	 that	 the	 compliance	 cost	 threshold	 is	 lower	 under	 green	
manufacturer	domination.	Meanwhile,	 the	carbon	reduction	rate	needs	 to	be	greater	 than	a	
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certain	 threshold	 for	 the	profit	of	 green	manufacturers	under	 the	 conditional	 subsidy	 to	be	
greater	than	the	basic	subsidy,	and	thresholds	of	the	carbon	reduction	rate	under	supplier	and	
green	manufacturer	domination	are	ߣଵ	and	ߣଶ,	respectively.	Therefore,	the	compliance	cost	is	
reasonably	 set	 to	meet	a	 certain	 carbon	 reduction	 rate	 for	procurement	 in	 the	park	 for	 the	
conditional	 subsidy	 policy	 to	 effectively	 promote	 industrial	 agglomeration	 and	 green	
development.	
Proposition	4	 ௌݓ 

ௌ஽∗ ൐ ௌݓ
஽∗, ௌݓ

ௌ்∗ ൐ ௌݓ
்∗;  ݃ெ
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݇ ൏ ݇ଵ, ெ݌
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where	݇ଵ ൌ ටܾߟ൫ܾሺ݁ߣݎ ൅ ሻݐ ൅ ܽሺ3ߤ െ 1ሻ൯, ݇ଶ ൌ ටߟ൫ܾሺ݁ߣݎ ൅ ሻݐ ൅ ܽሺ3ߤ െ 1ሻ൯.	

Proposition	4	shows	that	the	optimal	wholesale	price,	greenness,	market	demand	and	supplier	
profit	 are	 higher	 under	 the	 conditional	 subsidy	 policy	 than	 under	 the	 basic	 subsidy.	When	
consumer	 green	 preferences	 are	 low,	 the	 conditional	 subsidy	 policy	 will	 make	 green	
manufacturers	 reduce	 retail	 prices	 voluntarily,	 and	 green	manufacturers	who	 receive	more	
subsidies	choose	to	give	profits	to	consumers;	while	when	green	preferences	are	high,	the	retail	
prices	 of	 green	 manufacturers	 under	 conditional	 subsidies	 are	 higher	 than	 under	 a	 single	
subsidy,	indicating	that	consumers	care	more	about	the	greenness	of	products	at	this	time,	and	
their	acceptance	of	prices	increases	accordingly.	
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From	 Proposition	 5,	 we	 know	 that	 under	 the	 conditional	 subsidy	 policy,	 wholesale	 price,	
greenness	and	profit	of	each	firm	are	incremental	functions	of	government	conditional	subsidy,	
market	increase	coefficient	and	carbon	reduction	coefficient,	and	retail	price	is	an	incremental	
function	of	market	increase	coefficient.	When	consumer	green	preference	is	low,	the	retail	price	
of	 green	 manufacturers	 is	 a	 decreasing	 function	 of	 the	 emission	 reduction	 rate	 and	 the	
government	conditional	subsidy;	when	consumer	green	preference	is	high,	the	retail	price	of	
green	 manufacturers	 is	 an	 increasing	 function	 of	 the	 emission	 reduction	 rate	 and	 the	
government	subsidy.	Combined	with	Proposition	2,	the	green	manufacturer	will	transfer	part	
of	the	carbon	emission	cost	to	the	supplier,	and	the	supplier	increases	the	wholesale	price	to	
maintain	its	own	profit;	the	strength	of	the	government	conditional	subsidy,	the	expansion	of	
market	demand	can	offset	part	of	the	negative	effect	of	the	increase	of	carbon	emission	cost,	
and	 the	 supplier	 tends	 to	 obtain	 the	 government	 compliance	 qualification;	 and	 the	 direct‐
selling	 green	manufacturer	 is	 in	 the	 downstream	 of	 the	 supply	 chain,	 the	 consumer	 green	
preference	 has	 a	more	 sensitive	 impact	 on	 the	 green	manufacturer's	 pricing	 The	 impact	 of	
consumer	green	preferences	is	more	sensitive	to	the	pricing	decisions	of	green	manufacturers,	
and	green	manufacturers	can	use	carbon	allowances	more	rationally	to	obtain	higher	returns.	

4.2. Supply	Chain	Coordination	Strategy	based	on	Revenue	Sharing	Contract	
According	to	the	above	proposition,	it	is	known	that	the	profit	of	each	firm	in	the	supply	chain	
under	 situation	 SD	 is	 higher	 than	 other	 models,	 but	 the	 double	 marginal	 effect	 due	 to	
decentralized	decision	making	often	makes	the	overall	supply	chain	revenue	not	yet	achieved	
a	Pareto	optimum.	Cooperation	among	supply	chain	members	can	improve	the	overall	revenue	
and	environmental	benefits	 [25].	Therefore,	based	on	 the	 case	SD,	we	developed	a	 revenue	
sharing	contract	following	the	settings	in	studies	[26,	27].	Our	goal	is	to	guide	decentralized	
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decision	making	 to	 reach	 the	 level	of	 centralized	decision	making	and	achieve	 supply	 chain	
coordination.	The	revenue	sharing	contract	ሺߠ, ߬ሻ	coordination	mechanism	 is	as	 follows:	 the	
green	manufacturer	bears	ߠ	proportion	of	the	carbon	emission	cost	and	green	R&D	cost,	and	
the	 rest	 ሺ1 െ ሻߠ 	is	 borne	 by	 the	 compliant	 supplier;	 meanwhile,	 the	 green	 manufacturer	
transfers	ሺ1 െ ߬ሻ݌	of	 the	 sales	 revenue	 to	 the	 compliant	 supplier	 after	 selling	 the	 product,	
where	0 ൏ ,ߠ ߬ ൏ 1.	In	this	paper,	the	superscripts	SC	and	SH	are	used	to	denote	the	centralized	
decision	 making	 scenario	 under	 conditional	 subsidies	 and	 supplier‐led	 contractual	
coordination	 case,	 and	 the	 profit	 functions	 of	 the	 compliant	 supplier	 and	 the	 green	
manufacturer	in	the	SH	case	can	be	denoted	as: 
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Proposition	 6	
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ௌ஽∗.	
Proposition	 6	 shows	 that	 when	 the	 parameters	ߠ, ߬	of	 the	 revenue	 sharing	 contract	 satisfy	
certain	conditions,	the	retail	price	and	greenness	of	the	product	under	the	coordinated	contract	
are	equal	to	the	optimal	results	under	the	centralized	decision.	The	profits	of	both	the	compliant	
supplier	and	the	green	manufacturer	are	improved	more	after	the	introduction	of	the	contract,	
and	 the	 overall	 profit	 of	 the	 supply	 chain	 is	 equal	 to	 the	 level	 at	 the	 centralized	 decision,	
indicating	 that	 the	 contract	 can	 effectively	 coordinate	 the	 green	 supply	 chain	 under	 the	
decentralized	decision	and	eliminate	the	double	marginal	effect.	

Proposition	7	డஈೄ
ೄಹ∗

డఏ
൏ 0,

డஈೄ
ೄಹ∗

డఛ
൏ 0,

డஈಾ
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ೄಹ∗
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Proposition	7	shows	that	in	the	process	of	introducing	a	revenue	sharing	contract	to	coordinate	
the	 supply	 chain,	 the	 compliant	 supplier	 and	 the	 green	 manufacturer	 can	 decide	 the	
distribution	of	supply	chain	profits	by	adjusting	the	values	of	the	contract	parameters,	and	as	
the	contract	parameters	ߠ, ߬	increase,	the	profits	of	the	compliant	supplier	decrease	while	the	
profits	of	the	green	manufacturer	increase.	

5. Numerical	Simulation	Results	

Considering	that	the	expressions	in	the	above	model	are	complex	and	have	many	parameters,	
this	section	will	use	Matlab	and	Maple	software	to	conduct	numerical	simulations	to	further	
analyze	the	above	theoretical	results.	Combining	with	the	assumptions	proposed	before	in	this	
paper,	 let	 ܽ ൌ 100, ܾ ൌ 1, ܿ ൌ 20, ݇ ൌ 2, ߟ ൌ 10, ݁ ൌ 0.01, ߣ ൌ 0.36, ܧ ൌ 1000, ݎ ൌ 35, ݏ ൌ
10, ݐ ൌ 20, ߤ ൌ 5,φ ൌ 2000. 

5.1. Analysis	of	the	Effect	of	Government‐given	Carbon	Quota	Amount	on	
Supply	Chain	Profit	in	Different	Scenarios	

Figure	2	shows	that	under	the	basic	subsidy,	the	power	structure	has	little	effect	on	the	overall	
profit	of	green	supply	chain;	under	the	conditional	subsidy	policy,	the	overall	profit	of	supply	
chain	 under	 supplier‐led	 is	 higher	 than	 that	 of	 manufacturer‐led.	 The	 overall	 profit	 of	 the	
supply	chain	under	the	conditional	subsidy	policy	is	significantly	higher	than	that	of	the	basic	
subsidy,	achieving	economies	of	 scale.	As	 the	amount	of	carbon	quota	 increases,	 the	overall	
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profit	gap	between	the	two	subsidy	policies	becomes	smaller,	which	is	caused	by	the	tradable	
nature	of	carbon	quota.		

	
Figure	2.	Effect	of	government‐given	carbon	quotas	on	the	overall	profit	of	green	supply	

chain	

5.2. Analysis	of	the	Impact	of	Government	Subsidy	Policy	on	the	Greenness	of	
Products,	Market	Demand	and	Profit	under	Different	Scenarios	

The	 conditional	 subsidy	 policy	 mainly	 involves	 several	 variables	 such	 as	 potential	 market	
demand	increase	factor,	compliance	cost,	emission	reduction	rate,	and	conditional	subsidy.	In	
this	section,	the	impact	of	each	of	these	variables	on	profits	is	analyzed.	
Figure	3‐8	shows	that	after	the	implementation	of	the	conditional	subsidy	policy,	the	greenness	
of	 the	 product,	 the	 market	 demand	 for	 green	 products	 and	 the	 market	 potential	 demand	
increase	 coefficient.	 The	 emission	 reduction	 rate	 and	 the	 conditional	 subsidy	 are	 positively	
proportional,	and	the	implementation	of	the	conditional	subsidy	policy	can	provide	consumers	
with	products	with	higher	greenness,	expand	the	scale	of	market	demand,	and	promote	 the	
development	of	the	local	green	economy.	

	
Figure	3.	Effect	of	potential	market	demand	
increase	factor	on	greenness	of	products	

	
Figure	4.	Effect	of	market	potential	demand	
increase	factor	on	the	market	demand	of	

green	products	
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Figures	 9‐11	 show	 that	 the	 coefficient	 of	 increase	 in	 potential	 market	 demand	 for	 green	
products	μ	and	supplier	compliance	cost	φ	need	to	meet	certain	conditions	before	suppliers	are	
willing	to	enter	the	park	to	become	compliant	suppliers,	which	is	consistent	with	Proposition	
3.	The	profit	of	suppliers	increases	with	the	increase	of	conditional	subsidies,	which	achieves	
the	 government's	 purpose	 of	 implementing	 conditional	 subsidy	 policies	 to	 promote	 local	
economic	development.	
Figure	 12	 shows	 that	 the	 overall	 profit	 of	 green	 supply	 chain	 under	 conditional	 subsidy	 is	
significantly	higher	than	the	basic	subsidy	regardless	of	who	is	the	dominant	player,	suppliers	
and	green	manufacturers	are	motivated	to	accept	the	conditional	subsidy	policy,	and	the	overall	
profit	increases	with	the	increase	of	conditional	subsidy	intensity.	

	
Figure	5.	Effect	of	emission	reduction	rate	

on	greenness	of	products	

	
Figure	6.	Effect	of	emission	reduction	rate	
on	market	demand	for	green	products	

	

	
Figure	7.	Effect	of	government	conditional	
subsidies	on	the	greenness	of	the	product	

	
Figure	8.	Effect	of	government	conditional	
subsidies	on	the	market	demand	for	green	

products	
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Figure	9.	Effect	of	potential	market	demand	

increase	factor	on	supplier	profit	

	
Figure	10.	Impact	of	supplier	compliance	

cost	on	supplier	profit	
	

	
Figure	11.	Impact	of	government	

conditional	subsidies	on	supplier	profits	

	
Figure	12.	Impact	of	government	

conditional	subsidies	on	overall	profit	of	
green	supply	chain	

5.3. Analysis	of	the	Impact	of	Introducing	Revenue	Sharing	Contracts	on	Supply	
Chain	Profits	

Figure	 3‐8	 and	 Figure	12	 show	 that	 after	 the	 introduction	 of	 revenue	 sharing	 contract,	 the	
greenness	of	the	product,	the	market	demand	for	green	products	and	the	overall	profit	of	green	
supply	have	increased	significantly	compared	with	the	previous,	 indicating	that	the	revenue	
sharing	 contract	 can	 eliminate	 the	 double	marginal	 effect	 caused	 by	 decentralized	 decision	
making,	which	is	consistent	with	the	content	of	Proposition	6.	
Figure	13	gives	the	range	of	values	of	contract	parameters	θ	and	τ	(the	shaded	SH	part)	when	
the	profits	of	the	compliant	supplier	and	green	manufacturer	are	improved	respectively	in	the	
SH	case.	Figures	15	and	16	show	the	profit	changes	of	the	compliant	supplier	and	the	green	
manufacturer	in	the	SH	case,	respectively,	the	dark	gray	is	the	profit	of	the	supplier	and	the	
green	manufacturer	before	the	introduction	of	the	contract,	and	the	light	gray	is	the	profit	after	
the	introduction	of	the	contract.	From	Figures	14	and	15,	it	can	be	seen	that	with	the	increase	
of	the	contract	parameters	θ	and	τ,	the	profit	of	the	green	manufacturer	tends	to	increase	while	
the	profit	of	the	compliant	supplier	tends	to	decrease,	which	is	consistent	with	Proposition	7.	
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Figure	13.	Range	of	contract	parameters	
when	revenue	sharing	contract	is	effective	

	

Figure	14.	Profit	of	suppliers	before	and	
after	the	introduction	of	the	covenant	

	

Figure	15.	Profit	of	the	green	manufacturer	before	and	after	the	introduction	of	the	covenant	

6. Conclusion	

In	this	paper,	we	analyze	the	effects	of	the	power	structure	of	enterprises	and	different	subsidy	
policies	on	the	decision	making	of	green	supply	chain	members,	profits,	and	industrial	clusters	
under	the	assumptions	of	carbon	quota	constraint	and	different	government	subsidy	policies	
by	constructing	a	two‐stage	game	model.	We	found	that	the	greenness	of	products	is	higher	in	
the	supplier‐dominated	Stackelberg	game	than	in	the	manufacturer‐dominated	game,	and	the	
emergence	of	 a	 "buyer's	market"	will	 increase	 the	 greenness	of	 products.	 Furthermore,	 the	
government's	conditional	subsidy	policy	promotes	industrial	clusters,	provides	products	with	
high	greenness,	expands	domestic	demand	for	green	products,	and	promotes	the	development	
of	a	clean	and	low‐energy	economy.	Finally,	green	supply	chains	achieve	win‐win	situation	by	
introducing	 revenue‐sharing	 contracts	 for	 deeper	 cooperation	 and	 maximizing	 industrial	
clustering	effect.	
In	 the	 future,	 the	 incomplete	 information	 as	 well	 as	 the	 behavior	 of	 risk	 avoidance	 and	
reciprocal	 preference	 of	 enterprises	 can	 be	 incorporated	 into	 the	model.	 Furthermore,	 the	
situation	that	green	products	will	generate	secondary	sales	of	carbon	credits	has	not	yet	been	
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considered,	 however,	 some	 new	 energy	 vehicle	 manufacturers	 have	 already	 gained	
considerable	revenue	by	selling	carbon	in	reality.	This	will	be	the	next	step	of	research.	
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Proof	of	Proposition	2:	
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Proof	of	Proposition	3:	
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Proof	of	Proposition	4:	
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డሺ௦ା௧ሻ
ൌ ௞௕

ଶሺଶ௕ఎି௞మሻ
൐ 0;	డ௚ಾ

ೄವ∗

డఓ
ൌ ௔

ଶሺଶ௕ఎି௞మሻ
൐

0;	డ௚ಾ
ೄವ∗

డఒ
ൌ ௞௘௥

ଶሺଶ௕ఎି௞మሻ
൐ 0;	 డ௽ೄ

ೄವ∗

డሺ௦ା௧ሻ
ൌ ఎ௕ሺ௦ା௧ିሺଵିఒሻ௘௥ି௖ሻାఓ௔ሻ

ଶሺଶ௕ఎି௞మሻ
൐ 0;	డ௽ೄ

ೄವ∗

డఓ
ൌ ఎ௔௕ሺ௦ା௧ିሺଵିఒሻ௘௥ି௖ሻାఓ௔ሻ

ସሺଶ௕ఎି௞మሻ
൐

0;	డ௽ೄ
ೄವ∗

డఒ
ൌ ఎ௕௘௥ሺ௦ା௧ିሺଵିఒሻ௘௥ି௖ሻାఓ௔ሻ

ସሺଶ௕ఎି௞మሻ
൐ 0;	 డ௽ಾ

ೄವ∗

డሺ௦ା௧ሻ
ൌ ఎ௕ሺ௦ା௧ିሺଵିఒሻ௘௥ି௖ሻାఓ௔ሻ

ସሺଶ௕ఎି௞మሻ
൐ 0;	డ௽ಾ

ೄವ∗

డఓ
ൌ

ఎ௔௕ሺ௦ା௧ିሺଵିఒሻ௘௥ି௖ሻାఓ௔ሻ

଼ሺଶ௕ఎି௞మሻ
൐ 0;	డ௽ಾ

ೄವ∗

డఒ
ൌ ఎ௕௘௥ሺ௦ା௧ିሺଵିఒሻ௘௥ି௖ሻାఓ௔ሻ

ସሺଶ௕ఎି௞మሻ
൐ 0;	డ௣ಾ

ೄವ∗

డఓ
ൌ

௔൫ଷ௕ఎି௞మ൯

ଶ௕ሺଶ௕ఎି௞మሻ
൐ 0;	

(2)	డ௣ಾ
ೄವ∗

డఒ
ൌ

௘௥൫௞మି௕ఎ൯

ଶሺଶ௕ఎି௞మሻ
,
డ௣ಾ

ೕ

డሺ௦ା௧ሻ
ൌ ௞మି௕ఎ

ଶሺଶ௕ఎି௞మሻ
,	it	can	be	easily	derived	that	when	0 ൏ ݇ ൏ ඥܾߟ,

డ௣ಾ
ೄವ∗

డఒ
൏

0, డ௣ಾ
ೄವ∗

డሺ௦ା௧ሻ
൏ 0, ඥܾߟ ൏ ݇ ൏ ඥ2ܾߟ,

డ௣ಾ
ೄವ∗

డఒ
൐ 0, డ௣ಾ

ೄವ∗

డሺ௦ା௧ሻ
൐ 0;	

Proof	omission	in	the	݆ ൌ ܵܶ ∗	case.	
Proof	of	Proposition	6:	

For	(6),	we	find	the	partial	derivatives	and	let	the	first	order	partial	derivativesడஈೞ
ೄಹ

డ௣
ൌ 0, డஈೞ

ೄಹ

డ௚
ൌ

0,	and	find	the	optimal	selling	price	and	product	greenness	as	following:	
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∗ௌு݌ ൌ
ሺି௘௥ሺఒିଵሻఏି௦ି௧ା௪ሻ௕ାఛሺ௔ఓା௞௚ሻ

ଶ௕ఛ
,	݃ௌு∗ ൌ

ሺ௘௥ሺఒିଵሻఏା௣ఛା௦ା௧ି௪ሻ௞

ఎఏ
	

	
When	the	selling	price	and	greenness	of	the	product	 in	the	decentralized	mode	are	equal	to	
those	in	the	centralized	mode,	i.e.,	݌ௌு∗ ൌ ,∗ௌ஼݌ ݃ௌு∗ ൌ ݃ௌ஼∗,	the	solution	to	the	above	equation	
yields:	ݓௌு∗ ൌ ݏ ൅ ݐ െ ሺ1ߠ െ ݎሻ݁ߣ െ ߬ሺݏ ൅ ݐ െ ܿ െ ሺ1 െ 	.ሻݎሻ݁ߣ
Substituting	the	optimal	wholesale	price	ݓௌு∗,	the	optimal	selling	price݌ௌு∗	and	the	greenness	
݃ௌு∗into	equations	(5)	and	(6)	shows	that	 the	optimal	profits	of	 the	supplier	and	the	green	
manufacturer	after	introducing	the	contract	to	coordinate	the	supply	chain	are:	
	

ௌߎ
ௌு∗ ൌ

ሺ1ݎܧ2 െ ሻሺ1ߣ െ ଶߕሻߠ ൅ ሺ2ሺ1ߟ െ ߬ሻܾߟ െ ሺ1 െ ߋሻ݇ଶሻሺܾߠ ൅ ሻଶܽߤ

ଶߕ2
െ ߮ 	

ௌߎ
ௌு∗ ൌ

ሺ1ݎܧ2 െ ଶߕߠሻߣ ൅ ߟሺ2ܾ߬ߟ െ ߋଶሻሺܾ݇ߠ ൅ ሻଶܽߤ

ଶߕ2
	

	
From	 the	 above	 equation,	 the	 total	 supply	 chain	 profit	 of	 the	 green	 supply	 chain	 after	 the	

introduction	of	the	contract	is	Πௌାெ
ௌு∗ ൌ ఎሺ௕அାఓ௔ሻమ

ଶஎమ
൅ ሺ1ݎܧ െ ሻߣ െ φ.	

Under	the	coordination	contract,	the	overall	profit	of	the	supply	chain	is	equal	to	that	under	
centralized	decision	making.	Both	parties	are	willing	to	accept	the	contract	only	if	the	profits	of	
both	suppliers	and	green	manufacturers	are	improved,	i.e.,	ߎௌ

ௌு∗ ൐ ௌߎ
ௌ஽∗, ெߎ

ௌு∗ ൐ ெߎ
ௌ஽∗,	and	thus	

the	respective	comparisons	yield:	
	

ସா௥ሺఒିଵሻஎమାఎሺ௕அାఓ௔ሻమቀସ௕ఎቀఛିభ
మ
ቁା௞మቁ

ସா௥ሺఒିଵሻஎమାଶ௞మఎሺ௕அାఓ௔ሻమ
൏ ߠ ൏

଼ா௥ሺఒିଵሻஎమାఎሺ௕அାఓ௔ሻమቀ଼௕ఎቀఛିభ
ర
ቁା௞మቁ

଼ா௥ሺఒିଵሻஎమାସ௞మఎሺ௕அାఓ௔ሻమ
,଼ா௥

ሺଵିఒሻஎమሺଵିఏሻା௞మఎሺ௕அାఓ௔ሻమሺସఏିଵሻାଶ௕ఎమሺ௕அାఓ௔ሻమ

଼௕ఎమሺ௕அାఓ௔ሻమ
൏ ߬ ൏

ସா௥ሺଵିఒሻஎమሺଵିఏሻା௞మఎሺ௕அାఓ௔ሻమሺଶఏିଵሻାଶ௕ఎమሺ௕அାఓ௔ሻమ

ସ௕ఎమሺ௕அାఓ௔ሻమ
	

	
When	ߠ, ߬	satisfies	 the	 above	 conditions,	 the	 profits	 of	 both	 the	 compliant	 supplier	 and	 the	
green	 manufacturer	 are	 improved	 after	 the	 introduction	 of	 the	 contract	 compared	 to	 the	
absence	of	the	contract.	
Proof	of	Proposition	7:	
	

డஈೄ
ೄಹ∗

డఛ
ൌ െ

௞మఎሺ௕அାఓ௔ሻమ

ଶஎమ
െ ሺ1ݎܧ െ ሻߣ ൏ 0;

డஈೄ
ೄಹ∗

డఛ
ൌ െ2ܾߟଶሺܾΝ ൅ ሻଶܽߤ ൏ 0;

డஈಾ
ೄಹ∗

డఛ
ൌ

௞మఎሺ௕அାఓ௔ሻమ

ଶஎమ
൅

ሺ1ݎܧ െ ሻߣ ൐ 0;
డஈಾ

ೄಹ∗

డఛ
ൌ ଶሺܾΝߟ2ܾ ൅ ሻଶܽߤ ൐ 0.	

	


