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Abstract: As the government pays more attention to the ecological environment, the momentum of green
buildings in China has developed rapidly in recent years. However, the continuous and good development
of green buildings is also related to the attitude of developers and consumers. This paper analyzes the game
from the perspectives of the government, developers and consumers, and provides feasible suggestions for

the development of green buildings in China.

1 Introduction

In recent years, the momentum of green buildings(GBs)
in China has developed rapidly. A series of laws and
regulations have been successively promulgated to
promote the development of green buildings. For
example, in 2006, China issued the " Assessment
standard for green building" (GB/T50378-2006), and in
2015, implemented the new version of the "New
Assessment  standard  for  green  building" .
(GB/T50378-2014), and also implemented the "Green
Buildings Evaluation Marking System" in 2008.

1.1 The Obstacles of Green Buildings

Besides the government supports the implementation of
green buildings, the attitudes of other stakeholders also
influence the development of green buildingsm. Albert P.
C. Chan™ thought that Resistance of stakeholders to
change and higher cost are identified as the most critical
barriers to implementing GB technologies. Wang Min""
and others believed that China’s construction market
participants at present are less willing to actively
participate in the development of green buildings.

1.2 The Game Theory of Green Buildings

Now, stakeholders of researches for green buildings
mainly include government, developers, owners
(consumers) and other related parties. Huang Dingxuanm
conducted a research on the basis of profit-risk
evolutionary game theory of developers and owners
(consumers), and found that projects size, incremental
costs, pure benefits and risk for green building projects
will affect the game behaviors of developers and owners.
Liu Jia" pointed out that under the government’s
increasing economic incentives for green buildings and
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raising the taxation standards for non-green buildings,
these measures will promote the game between the
government and the developers, so as to promote the
development of green buildings.

Therefore, this paper proposes to establish a static
game model of incomplete information for the
government, developers, and owners (consumers) that
influence the implementation of green buildings, and
integrates the benefits, costs, risks, and coping strategies
of the three parties into a unified game model.

2 Stakeholders Affecting the
Development of Green Buildings

2.1 Government

Under the current conditions of China, the government's
incentive strategies for the large-scale development of
green buildings are mainly carried out in the following
three ways: (1) government subsidies: because of the
high incremental costs of green buildings to developers
in the early stage, the government reduces developers'
costs and mobilizes the enthusiasm of developers through
subsidies (2) taxation policies: government reduces
taxation of green buildings developers and raises taxation
of traditional buildings developers (3) sponsor of green
technologies development: the government needs
supporting research and development units to conduct
research on green buildings’ technical standards,
materials, evaluations, and energy efficiency.

2.2 Developers

Some large real estate developers have formulated green
buildings development strategies, continuously improved
the green level and quality of buildings and obtained
green buildings logos. Although the number and area of
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green projects have also rapidly increased, due to high
incremental costs, some developers still hesitate to build
green buildings. Most companies understand that the
implementation of green buildings can achieve financial
incentives, increase sales expectations, and gain good
social influence. However, there are still large
uncertainties and risks in the development of green
buildings.

2.3 Consumers

Consumers choose to buy green buildings or not. When
consumers purchase green buildings, they can enjoy the
health and environmental protection functions of green
buildings. However, due to the current imperfect green
buildings market, consumers are still skeptical about the
purchase of green buildings. This will affect the
relationship between supply and demand of green
buildings, affecting developers' willingness of
development.

3 Three-Party Game Model Affecting the
Development of Green Buildings

3.1 Assumptions and Construction of the
Three-party Game Model

Assume that the government, the developer, and the
consumer are all “rational economic people” (remarked
as G, D, C).The government’s strategic space is:
incentive, denoted as G+; no incentive, as G-
developer’s strategic space: development, recorded as D+;
no development, as D—; consumer’s strategic space is:
purchase, marked as C+; no purchase, as C-". Based on
the above assumptions of the model, the strategy
combinations of the three parties in the game model are
(G+, D+, C+), (G+, D+, C-), (G+, D-, C+), (G+, D-, C-),
(G-, D+, C+), (G-, D+, C-), (G-, D-, C+), (G-, D-, C-).
Assume that the probabilities of government incentive,
developer development, and consumer purchase are
respectively a, B, and y (a, B, yE[0,1]).

3.2 Three-Party Game Parameters and Revenue
Matrix

(1) the parameters in this paper are shown :

Table 1. Parameters

Parties | Parameters The meaning

R Basic income when the government does not take incentives
Riz Social reputation and influence gained from the supports to development of GBs
Ris Increases taxation to Non-GBs Developers

G Cn Subsidies for GBs developers
Ci2 Subsidies for GBs consumers
Cis Governance costs for traditional buildings developed by developers
Cus Government Fund R&D Units for Research on GBs Technology
Roi Corporate credibility increased by the development of GBs
R The incentive subsidies from government obtained by the development of GBs
Ros Increased revenue from the development of energy ,water, electricity saving for GBs

D Ros The benefit from the development of Non-GBs
Ca the increased risk of no purchase of consumers when the developers develop GBs
Cn Incremental costs for green operations
Cos Incremental tax costs when developing traditional buildings
Ra1 The basic utility enjoyed by consumers when purchasing traditional buildings
Ra2 Better living, product and environment for consumers to buy GBs

C Ra3 The incentive subsidies from government obtained by the purchase of GBs
Csi The incremental costs when consumers purchase GBs
Cs2 The incremental risk faced by consumers in purchasing GBs

(2)Game strategies and revenue matrix

Table 2. Revenue Matrix

G
D-er ¢ 1 O Nol 1-O
D P Rii#+R12-C11-C12-Cia Ru
ﬂ ¥ R21+R22+R23+R24-C22 R21+R23+R24-Co2
R31+R32+R33-C31-Cs2 R31#R3-C31-Cx2
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Nop | RutRiz-Ci-Cis Ri o< 12 11 13 (7)
1-7 R21+R22+R23+R24-C21-Co2 R21+R23+R24-C21-C2 C13
Rai R3
+C,,+R
(a> 7C12 11 13 )’ (8)

P RiitR12tR13-C13-Cia Rii-Cis
¥ R24-Co3 R24-C23
Rs1 R3i
No
D
-
No P Ri+Ri2+R13-C13-Cia Rii-Ci3
-7 R24-Cas Ras-Co3
R31 Rsi

(G means government, D-er means developers, C means
consumers, | means incentive, D means development, P
means purchase)

3.3 Model Establishment and Results Analysis

(1) Let E; and E, represent the expected revenue of
government when it motivates and not-motivates to green
buildings’ development, respectively. Based on the
three-party game model,
E, =B[v(R, +R,,-C,,-C,-C,,)
+(1-VR;; +R;,-C;-C )]
+(1-PlyR; R, +R;-C5-Cyy) (1)
+(1-VR;; +R, +R;5-C-Cyy)]
=R, *R, *R};-C;5-C ) -B(yG, +C,; +R;-Cp5)
E, =BR; +(1-p)R,;-C;;) =R, +(B-1)C,; @
From the above, we can see that the government’s
revenue is:

E; =aE, +(1-0)E,
=aR,, +R;-C)-aB(yC,, +C; tR;)
+BC13 +R11 'C13 ©)

oE
an = (RIZ + R13 - C14)_ﬂ(7c1z + C11 +R13)

oE 4)
Tﬂc: Cy—a()C, +C +R)

oE,
Iy

Because of the government's subsidies to
consumers ,it can be seen that the greater the consumer's
purchase possibility, the smaller the government's
revenues. However, the government can increase its
revenue through its own motivation for the development
of green buildings and the response of developers.
Analyze as below:

=—ofC, <0

When
,B < R, +R; - C14 (5)
K +C + R,
(ﬂ > R12 +R13 _C14 ), (6)
K +C + Ry

the revenue of the government increases(decreases) with
the increase of the developer's probability of developing
green buildings;

When

13
the revenue of the government increases (decreases) with
its own possibility of supporting green buildings.

(2) Let the expected revenue of the developer's
development and non-development of green buildings be
Es; and Es, respectively. According to the three-party
game model,

E;=a[y(Ry +Ry ¥Ry Ry, -Cy)

T(I-7)(Ry +R,, +R ;3 Ry, -C, -Cyy)]
+(1-)[y(R,y +Ry +R,, -Cyy)

+(1-7(R,, R, TRy, -C,,-C)l ©)
=aR,, +7C, + R, +R; + R, -C, -C,,
E, =Ry~ Gy (10)
So, the developers’revenue is:
E, =BE; +(1-P)E, (11
=apR,, +ByC,, +B(R, TR -C,, -C,, +Cy)
oE,
° ZMZ2>O
oo
3,
aﬁ =R, +Y G+ R+ Ry, —C, =G, + (5 (12)
oE
> =C,,>0
dy

It can be seen that the higher the possibility of
government motivation, the greater the expected revenue
of developers; the higher the likelihood of consumers
purchase, the greater the expected revenue of developers.
However, the developer's degree of development has the
following effects on its revenue:

When

azR21+R23_C22_C2|+C23_}C21 , (13)

R22
the developer's revenue increases with the developers’
development level;

When

a< R, +R23_C22_C21 +C23_7'C2| , (14)

R22
the developer's revenue decreases with the developers’
development level.

When

y> R21 +R23 — sz — CZI + C23 _O‘Rzz
C21
the developers' revenue increases with the developers’
development level;

When

y< R21 +R23 _sz _C21 +C23 _aRzz ,
C21

the developer's revenue decreases with the developers’
development level.
(3)Let Es and E¢ represent the expected revenue for

(15)

(16)
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consumers purchase and non-purchase for green
buildings, respectively. Based on the three-party game
model,

E; =0[B(R;; ¥Ry +Ry;-C5y -Cyy) T (1-PRy ]
+(I-a)[B(Rs; +R;, -C5,-Cy) +(1-P)R 4 ]
=0pRy; PRy, -C;,-Cyy) TRy,
E, =R, (18)
So, the consumers’  revenue is:
E. =7E; +(1-V)E, =R, +BY(R,, -Cy, -Cy,) +R,, (19)

(17)

aEC = ;ﬂRB >0

oo

oE

a,bf = 0(74?33 + Y(R32 - C31 - Csz) (20)
oE

a}f = aﬂRB +IB(R32 - C31 _C32)

The higher level of government incentives, the
greater subsidies given to consumers and the revenue of
consumers. However, the developer's development
possibilities and consumers' own purchasing possibilities
have impacts on consumers' expected returns.

When

a> R32 _C31 _C32 (21)
33
R32 — C31 _C32 )
R,

the revenue of consumers increases(decreases) with the
possibility of developers' development and the possibility
of consumers' own purchase.

(a< (22)

4 Conclusions

In this paper, a mixed game strategy Nash equilibrium is
used to analyze the development of green buildings. The
conclusion shows that the higher the degree of
government motivation, the greater the expected income
of developers and consumers, and the more the

sustainable development of green buildings. Although the
more likelihood of consumers purchase will cause the
government's revenue be reduced, the main purpose of
the government as the macro-controller is to promote the
purchasing power of consumers. In addition, the
government can increase its own expectation of revenue
in social reputation through this move.
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