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abstract. Currently, the subject of housing in China is of great interest to many research-
ers, since improvements in living conditions for the largest population in the world have not 
kept pace with the territory’s economic growth. This paper describes basic social housing situa-
tions in China, and assesses the inequality in housing reform since 1990s as a result of overall 
economic improvement. In order to reduce the degree of inequality in China’s social housing, 
this paper is focusing on the policy management of access to economically affordable housing 
because housing affordability in China is a pressing social and economic issue, particularly for 
low-income families due to an unreasonable mechanism. The related policies are analyzed in is 
paper by using incentive mechanism design, which reveals that supervision and announcement 
system, the restriction in current mechanism, and the area of economically affordable house are 
critical for the effectiveness of present polices. furthermore, a housing area calculation model 
based on the incentive mechanism design is presented and an illustrated case of Beijing City 
is also conducted, which can maximize the utility of government considering incentive compat-
ibility. finally, some policy suggestions are explored including enhancing external environment 
and establishing internal mechanism. 
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1. introduction

Since 2006, Chinese Central Government 
made great efforts to start new housing reform 
on the housing security system due to the so-
cial problems resulting from high speed eco-
nomical development in China (General Office 
of the State Council of the People’s republic 
of China, 2006). Though lots of achievements 

have been made in the housing reform in China 
from 1990s to present, many social problems 
occurred with the development (Wang, 2004). 
actually, many important international and 
national issues, like worldwide economic crisis 
in 2008 and very high housing price in Chi-
nese market, force Chinese government adjust 
macro-control policies to protect and safeguard 
the benefits of low-income families (General  



J. Zhang et al.232

Office of the State Council of the People’s Re-
public of China, 2006; General Office of the 
State Council of the People’s republic of China, 
2007; Ministry of Construction of the People’s 
republic of China, 2007; Stephens, 2010). an 
important change is that the populations to be 
safeguarded by economically affordable hous-
ing are transferred from lower middle-income 
families to low-income families (General Office 
of the State Council of the People’s republic of 
China, 2007; Ministry of Construction of the 
People’s republic of China, 2007). The respon-
sibility of social security for Chinese govern-
ment has been paid more and more attention 
to by Chinese government itself, which means 
more and more social housing demands of low-
income families should be met. 

New Housing Reform in China focuses on 
how to further improve the housing conditions 
of Chinese low-income families (General Office 
of the State Council of the People’s republic 
of China, 2006). Since 1990s, Chinese hous-
ing market has been commercialized step by 
step. However, house market price becomes 
higher and higher, and the housing demands 
in market can not be met, where an important 
problem is that less than 40% Chinese people 
can afford the market house price (China Sta-
tistical yearbook, 2007-2009; Huang, 2009). 
Though some measures had been made to 
help residents buy house (e.g. Provident Fund 
Scheme, National Comfortable Housing Project, 
and Jingji Shiyong Fang, etc.) (Burell, 2006), 
general public in China still believe that they 
can not afford the price and the government 
should adjust housing security system (Zhao 
and Bourassa, 2003; Wang, 2004). In May 
2006, the Ministry of Construction investigated 
China’s housing security system together with 
relevant policy research institutes to overcome 
the shortcomings of the economically afford-
able housing system, and draw a final con-
clusion that China’s housing security system 
needed an adjustment (Guo and Chang, 2008). 
The proposed method is to further segment the 

groups with the meddle-to-low incomes allow-
ing the coexistence of the low-rent housing, the 
economically affordable housing and the com-
modity housing at restricted price, and provide 
the housing security product at different levels 
for different groups. Therefore, New Housing 
Reform is not a new policy, but a development 
of prior policies to build more affordable and 
accessible social housing and to establish an 
adequate supply of economically affordable 
housing and low-rent housing for urban poor 
to improve their housing conditions (Qi et al., 
2007).

as mentioned above, the background of 
New Housing Reform is actually that many 
social problems companied with China’s eco-
nomic development are questioned by domestic 
media, researchers, and general public. These 
social problems include that the gap between 
rich and poor is becoming wider than before, 
the population of low-income is increasing, the 
prices rising too fast including house prices, 
and many common people can not afford the 
house prices (Wang, 2004; Duda et al., 2005; 
Mostafa et al., 2006; Mak et al., 2007; Xiao, 
2010). Therefore, the government determined 
to strengthen the provision of economically af-
fordable housing and low-rent housing to en-
large the population that can be safeguarded 
(General Office of the State Council of the Peo-
ple’s Republic of China, 2006; General Office of 
the State Council of the People’s republic of 
China, 2007; Ministry of Construction of the 
People’s republic of China, 2007; Stephens, 
2010). However, many deceptive methods (e.g. 
providing false personal and family informa-
tion) are used by some unqualified applica-
tors when applying for the affordable houses. 
and many families do not quit the affordable 
housing when their incomes become higher 
than before and economic situation become 
well. Therefore, the population that should 
be indeed provided affordable houses can not 
be safeguarded, which strongly influence so-
cial fairness and justice. The authority and  
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credibility of government are also challenged. 
furthermore the housing affordability and so-
cial housing accessibility are weakened (rosen 
and ross, 2000; liu et al., 2008). as a result, 
strong measures should be made by govern-
ment to improve economically affordable hous-
ing provision. 

Usually, there are two types of affordable 
housing in China (Shaw, 1997; Mostafa et al., 
2006; Guo and Chang, 2008). The first one is 
low-rent housing targeting the lowest income 
families. for low-rent housing, the residents 
just pay very low rents (Guo and Chang, 
2008). The second one is economically afford-
able housing targeting low- and lower-middle-
income families before 2006, and low-income 
families after 2006, for which the residents 
can buy the house and obtain property rights 
by lower price than market price (Qi et al., 
2007; Wang, 2004). This paper aims to dis-
cuss how low-income families can obtain the 
approval to get the economically affordable 
housing. The second part intends to give an 
overview on China’s social housing system and 
tries to find the shortcomings of economically 
affordable housing in China by extensive lit-
erature review. The third part is the analysis 
on current policies of access to economically 
affordable housing. The fourth part presents 
a method using incentive mechanism design 
for the policy of access to China’s economically 
affordable housing by house area control, and 
case of Beijing City is also illustrated. finally, 
the conclusion is drawn in the sixth part.

2. economically affordable 
housing in china

2.1. social housing system in china

The social housing development in China 
is divided by three stages by Mostafa et al. 
(2006) based on the different economy mod-
els, which are Planned economy (1950–1977), 
Socialist market economy (1978–1989), and 
Rapid economic growth (1990–now). In the 

first stage, housing sectors were partially na-
tionalized and managed by collectively or state 
owned enterprises, or work units (Danwei) at 
the local level from 1949-1957, and over 90% 
of the urban housing stock was under the con-
trol of the state. Housing investment restricted 
due to Cultural revolution from 1958-1977. In 
the second stage, initial reform measures were 
made. Work units were allowed to invest in 
housing for their employees. The sale of pub-
licly owned housing was carried out. The State 
Council’s leading team for Housing System re-
form was set up. In the third stage, the 1991 
Housing reform Program is a milestone is the 
history. During this stage, the watershed event 
is that premier Zhu rongji made accelerating 
residential development and elevating urban 
homeownership as a top policy priority after 
taking office in 1998 (Yu, 2006). 

Many prior researches have focused on the 
China’s social housing system, most of which 
focused on the second and third stages as 
mentioned above, and have offered a general 
picture of the housing market behavior at dif-
ferent stages of modern China (Zhang, 2006). 
These researches can be divided to two stages. 
In 1990s, many researches provided overview 
of the Chinese housing reform (Barlow and re-
naud, 1989; Wu, 1992; Tong and Hays, 1996; 
Shaw, 1997; Wang and Murie, 1996). Since 
2000, the studies were more diversification, 
whose emphasizes are not much diverted to 
housing conditions, tenure, problems of afford-
ability, housing prices, housing investment, 
housing policies and their interactions (rosen 
and ross, 2000; Hui, 2001; Huang, 2002; liu 
et al., 2002; Zhao and Bourassa, 2003; Sun et 
al., 2004; ye and Wu, 2008). Zhang (2006) pre-
sented that housing reforms have paved the 
way to changing Chinese housing conditions, 
accelerate urbanization, and facilitate econom-
ic reform in China, which deserve further in-
vestigation into improvement of present hous-
ing provision mechanism. actually, there are 
few studies on New Housing Reform in recent 
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three years, which can not provide a closer 
view on the latest change in China’s housing 
policies. Thus this paper aims to fill this re-
search gap. 

So far, the housing reform in China has 
made great achievements (Stephens, 2010). 
as presented by Mak et al. (2007), the hous-
ing conditions in China have been improved 
largely since housing reform. In 1985, the first 
household survey on housing conditions was 
carried out in urban China, which revealed 
that the majority of urban residents experi-
enced very poor living conditions at that time. 
over 27% of the urban population shared their 
dwellings with others, and 7.4% had an aver-
age living space below 4m2. Compounding the 
situation was the poor housing quality. about 
76% of urban residents did not have their own 
toilets, 37% had to share their kitchens with 
others, and 27% did not have running water 
(Ho and Kwong, 2002). By the late 2000s, 
it was due to the economic and housing re-
forms that per-capita living space in China 
approached almost 10m2, a more than 100% 
increase (Mak et al., 2007).

2.2. the inequality in housing reform

However, the affordability of social housing 
in China has been questioned greatly in recent 
years. The complete abandonment of the social-
ist housing allocation system in the late 1990s 
has led to profound changes in housing pro-
vision and consumption in urban China (yu, 
2006). Housing reform seems to be successful 
in increasing distributional inequality as a way 
to introduce market-based incentives and im-
prove productivity. Through housing reform, 
those who were in power, who formerly are rich, 
who originally have ownership appear to have 
maintained and extended their advantages in 
the new system (yu, 2006; Zhang, 2006; Mak 
et al., 2007; Wong et al., 2006). Consequently, 
the inequality of housing distribution system is 
resulted from housing marketisation, housing 
privatization, and urbanization. 

In fact, housing marketisation is the pri-
mary method used by housing reform. The 
role of the government or the state-centered 
system has been greatly reduced since 1990s, 
and the role of non-state institutions such as 
work units, households, developers, coopera-
tives and financial institutions in housing has 
been greatly increased (Wong et al., 2006). 
Therefore, the demands of vulnerable groups/
the disadvantaged (e.g. rural-urban migrants, 
college graduates, low-income groups, and ur-
ban poor, etc.) have been relatively ignored in 
recent years. Since 2000, the housing price in 
China has become higher and higher, which 
strongly influence housing conditions of vul-
nerable groups/the disadvantaged (Huang, 
2004). Evidently, housing privatization is the 
result of housing reform, which means more 
residents in China can live in their own hous-
es. Homeownership rate in urban China shot 
up sharply in recent ten years, from about 30% 
in 1995 to more than 82% in 2006 (Ma et al., 
2010). However, those vulnerable groups/the 
disadvantaged can not share the achievements 
of housing reform. on the contrast, they are 
the victims. It is urbanization in China put 
them into cities or makes them earn very low 
wages. Thus urbanization is the catalyst for 
the inequality of housing distribution system 
(Deng et al., 2010). This kind of inequality in 
housing reform also was revealed by (Sato, 
2006; Stephens, 2010), which confirms to the 
findings that the biggest winners in China’s 
housing reform are those who were favored in 
the previous system, based on such factors as 
residence status, education, and occupation 
(logan et al., 2010). like income inequality, 
housing inequality in urban China is strongly 
affected by state policies that give preferential 
treatment to insiders (logan et al., 2009). In 
this case, the responsibility of government is 
to help vulnerable groups/the disadvantaged 
improve their housing conditions, of which af-
fordable housing provision is a very important 
method. 
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2.3. research problem in the provision 
of economically affordable housing  
in china

Currently, China’s economically affordable 
houses are supplied to the urban low-income 
families that have housing difficulty, and the 
target users of such houses shall be linked up 
with the target of the low-rent housing securi-
ty; the building area shall be controlled within 
about 60 square meters; the buyers shall only 
own the limited property right, and shall not 
directly enter the market for sale within five 
years after the purchase; when it is indeed 
necessary to transfer the house, the house 
shall be bought back by the government in 
line with the original price, the depreciation, 
and the general price level; and in the case 
of the transfer five years after the purchase, 
the buyer shall pay a specified proportion of 
the difference between the price of the common 
commodity housing in the same area and the 
price of the economically affordable housing to 
the government as the profit from land (Gen-
eral Office of the State Council of the People’s 
Republic of China, 2006, General Office of the 
State Council of the People’s republic of China, 
2007; Ministry of Construction of the People’s 
republic of China, 2007; Stephens, 2010).

However, the problem is that the policy 
for access to economically affordable housing 
is not clear (yu, 2006). The applicator for eco-
nomically affordable house would hide private 
information and provide false information in 
order to obtain economically affordable house 
because the economically affordable house 
price is much lower than market price (li  
et al., 2009). especially in China, the informa-
tion is not perfect and symmetrical. nobody 
can completely grasp other’s private informa-
tion. Hence the applicator can carry on stra-
tegic selection act, and can not be revealed 
by others. The management of government is 
therefore very important in economically af-
fordable housing provision.

During the management process of econom-
ically affordable housing in China, the public 
sector is the manager of economically afford-
able houses and the client of general public, 
which lacks the related information of appli-
cators for economically affordable houses, e.g. 
their economic status and family structure. as 
the result of tending to pursue the economic 
benefits, many unqualified applicators also 
apply for the economically affordable houses, 
some of which would be approved. although 
these unqualified applicators do not directly 
take the resource of qualified applicators, 
they invade and occupy the benefits of those 
qualified applicators, which will create the in-
equality and unfairness of society and waste 
of resource because the resources provided by 
Chinese government are very limited (Wang 
et al., 2005; Sato, 2006; Stephens, 2010). The 
public sector is very subjective in the process 
of making policy, during which the asymmetry 
of information can not be carefully considered. 
The result is that many policies have been 
made one by one, while the effect is unsatis-
factory (Dong et al., 2010; Zeng and lu, 2005). 
In term of access to economically affordable 
housing, a perfect mechanism is very neces-
sary and should be designed carefully to keep 
the equality and fairness of economically af-
fordable housing provision (Zhao and Bouras-
sa, 2003).

2.4. research methodology to analyze 
and resolve the problem: incentive 
mechanism design

The theory of incentive mechanism design 
was originally introduced in 1970s (Demsetz, 
1969; Hurwicz, 1973), which have been applied 
in many fields like market design, distributed 
scheduling, and combinatorial resource alloca-
tion (Baliga and Sjöström, 2007). The theory 
of mechanism design helps us understand in-
stitutions ranging from simple trading rules 
to political constitutions. We can understand 
institutions as the solution to a well-defined 
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planner’s problem of achieving some objective 
or maximizing some utility function subject to 
incentive constraints (Bergemann and Morris, 
2005). 

The main idea of incentive mechanism 
design is to design a mechanism by planner. 
firstly, the mechanism can be deconstructed 
into a frame model for analyzing the problems 
and can be refined to unified variables (Hur-
wicz, 1973). The value of variables will be dif-
ferent because of the difference amongst dif-
ferent mechanisms. The purpose of incentive 
mechanism design is to induce agent to select 
favorable activities for planner by the way of 
adjusting the value of variables. actually, the 
planners intend to maximize their expected 
utility by using incentive mechanism design. 
The agents also satisfy the hypothesis of finite 
rationality economic man, which means they 
will also maximize their expected utility in a 
given mechanism. The agents can determine 
whether they will participate in the mecha-
nism and which kind of actions they will select 
(Demsetz, 1969). As a result, the maximization 
of clients’ expected utility can be converted to 
constraints that should be considered by the 
planners when they design incentive mecha-
nism, which are participation constraint and 
incentive compatibility constraint. 

Mathematically, the model of incentive 
mechanism design can be defined as

max ( ( ) ( ))
( , ) ,...q t k k o k k k

k

k

k k

u q t q p
={ } =

− ×∑1 1
π  (1)

s.t.  (Ir) u t q C q u k kk k k( ( )) ( , ) , ( , )− ≥ ∈θ 1  (2)

(IC) u t q C q u t q C qk k k i i k( ( )) ( , ) ( ( )) ( , ),− ≥ −θ θ 
u t q C q u t q C qk k k i i k( ( )) ( , ) ( ( )) ( , ),− ≥ −θ θ ( , ) ( , ),i k k i k∈ ≠1  (3)

where: θk(k	≠	0) is the type of agent; qk is the de-
cision vector provided by planner to agent; pk 
is the possibility that agent belongs to θk; π(qk) 
is the outcome of planner; t(qk) is the payoff  

to agent from planner based on qk, also can 
be called as incentive fee; u0(π(qk) – t(qk)) is 
the V-n-M utility function of planner; ui(i	≠	0)  
(t(qk)) is the outcome of agent to select qk;  
u  is the reservation utility of agent, which is 
the expected utility of agent to reject the con-
tract; C(θk, qk) is the costs of agent to select 
qk.

3. the analysis on the access 
policy of economically 
affordable housing in china

Based on the Management Instrument of 
Economically affordable House (Ministry of 
Construction of the People’s republic of China, 
2007) jointly released by seven ministries of 
the State Council of the People’s republic of 
China in December 2007, family income and 
family structure are the most important infor-
mation, which will directly and strongly influ-
ence the economical benefits of applicators as 
well as social outcome. Therefore, these two 
kinds of information should be carefully con-
sidered in the analysis on current mechanism 
of access to economically affordable housing.

3.1. present mechanism of access to 
economically affordable house in china

Players and preferences
The planner of allocation mechanism for ec-

onomically affordable housing is government, 
and the applicator of economically affordable 
housing is the subordinate and the owner of 
private information. Thus government and ap-
plicator can be respectively called planner and 
agent of mechanism design (Hurwicz, 1973). 

The preferences of mechanism analysis are 
shown in appendix 1.

Actions
according to the Management Instrument 

of Economically affordable House (Ministry of 
Construction of the People’s republic of China, 
2007), three optional actions of applicators can 
be described as followed. 
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(1) Do not apply for the economically af-
fordable house; 

(2) apply for the economically affordable 
house and purchase, the approved pur-
chase area is S*;

(3) apply for the economically affordable 
house and purchase, the approved pur-
chase area is S*. additionally, the ap-
plicator will buy excess area. Hence 
total purchase area is S*+ S’.  

Based on the current regulation, govern-
ment will approve the application upon the 
applicator can pass the qualification. Thus the 
action space of government just has only one 
value, which is to approve. 

Payoff
1) The analysis on applicators
(1) Income
The regulator can obtain the land to build 

economically affordable housing as free. The 
land area is m, and floor area ratio is η. The 
land price is P. The potential applicators select 
to accept or reject. The area of one economically 
affordable house is S*. If applicators decide to 
accept, the degree of support from government 
to each applicator (also is each house) is

t S S
m

m P S P( )
* *

=
×

× × =
×

η η
 (4)

Although, the floor area ratio η is controlled 
by government to some extent, η has strong 
proportional relation with land market price P. 

Therefore, the degree of support from govern-
ment to each applicator can be changed to

t S S P( )* *= × ′  (5)

where: P’ is the land-price of floor, which is 
to some extent controlled by market. neither 
government nor applicators can not change 
P ′. It can be concluded that government can 
influence its degree of support to each appli-
cators by regulating the area of economically 
affordable house. Thus the income of potential 
applicator is 

* *( ( )) %u t S S P t′= × ×   (6)

The applicators can not obtain all land in-
come transferred from government because the 
construction of economically affordable house 
shall be conducted by developers. Some of in-
come will be obtained by the developers. t% is 
the percent of land income transferred from 
government for applicators.  

(2) The costs of payoffs
as shown in figure 1, there are two types 

of applicators that are θhigh and θlow. In fig-
ure 1, V(θk , S) is marginal utility of house area 
for different types of applicators (the detailed 
descriptions for the costs of payoffs can be 
found in appendix 2). Therefore, the cost for 
applicator to adopt the strategy to apply for 
the economically affordable house with area 
S* is defined based on Eq. (13) (see in Appen-
dix 2) as followed.

 

A
B

C

D

SA SBS*

θ low

θ high

Market price C

House area S

Marginal revenue and Marginal 
cost measured by currency, V 

figure 1. Function figure of consumer costs
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where: S*>SA according to the real status, oth-
erwise the government need not to implement 
the policy of economically affordable housing. 
on the other hand, the relationship between 
S* and SB is uncertainly. 

The retained earnings for applicator to 
adopt the strategy not to apply for the eco-
nomically affordable house is described as fol-
lowed.

u

V S S c S

V S S c S

A k
S

S S

B k

A
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× − × =

× − × =

=

=

∫ ( , ) ,

( , ) ,
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
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 (8)

(3) net income
The net income for applicator to adopt the 

strategy to apply for the economically afford-
able house with area S* is described as fol-
lowed. 
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eq. (9) can be converted to
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accordingly, the net income of applicator 
can be demonstrated by figure 2. Thus the re-
tained utility of applicator not to apply for the 
economically affordable house respectively is 
the area surrounded by line AK2, line K2V1 and 
curve AV1 (AK2V1) and the area surrounded 

figure 2. The net income of applicator
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by line BK2, line K2V2, and curve BV2 (BK2V2) 
when the type of applicator is θlow and θhigh.  
on the other hand, the retained utility of ap-
plicator to apply for the economically afford-
able house respectively is the area of OS*T4V1 
and the area of OS*T3K1 when the type of ap-
plicator is θlow and θhigh. 

as shown in figure 3, the value of S* will 
increase when S* moving from SA to the right. 
During this process, the utility for applica-
tor with type θlow and θhigh will also change 
with the change of the value of S*. The rule of 
change is indicated by figure 3.

When S* changes on the interval (SA, ST), 
the applicator with type θlow will apply for eco-
nomically affordable house, and the applicator 
with type θhigh will not apply for economically 
affordable house;

When S* changes on the interval (ST, SA′, 
the applicator with type θlow and θhigh will all 
apply for economically affordable house;

When S* changes on the interval (SA′, SC), 
the applicator with type θlow and θhigh will all 
apply for economically affordable house;

When S* changes on the interval (SC, SC′), 
the applicator with type θlow will not all apply 
for economically affordable house, and the ap-
plicator with type θhigh will apply for economi-
cally affordable house;

When S*> SC, the applicator with type θlow 
and θhigh will all not apply for economically af-
fordable house;

evidently, S* should be on the interval (SA, 
ST), so that really qualified applicator would 
apply for economically affordable house, and 
unqualified applicator would not apply for eco-
nomically affordable house.

The Phenomenon “Adverse Selection” will 
occur when S* changes on the interval (SA′, 
SC), which means really qualified applicator 
would not apply for economically affordable 
house, and unqualified applicator would apply 
for economically affordable house. The quali-
fied will squeezed by the unqualified under 
this kind of situation. even if “Adverse Selec-
tion” is not completely, the unqualified would 
go into the applicators as long as 

S*> ST. 

Currently, the applicators in China can be 
agreed to purchase extra area apart from al-
lowed area, and the favorable policies will not 
be applied in excess area. In this case, the un-
qualified can not be excluded from applicators. 
although S* changes on the interval (SA, ST), 
consumer surplus obtained by the qualified can 
make net income exceed retained income when 

figure 3. The change of net utility for applicator  
with the change of value of S*

SA ST SC′CB′A′

θlow

θ high

SB S S S S*

U – C

2P

1P
1a

2a



J. Zhang et al.240

the unqualified increase purchase area (e.g. 
SB) regardless of any value of S*. The reason 
is that 

S P t c S V S SB high
S

S SB
* % ( ( , ) )× ′× − × − ×

=

=

∫ θ
0

 

is always greater than

V S S c S
S

S S

B

B

( , )θhigh × − ×
=

=

∫
0

 

Consequently, the unqualified will give 
false information of income to apply for eco-
nomically affordable house regardless of any 
value of S*. 

2) The analysis on the action of govern-
ment 

at the present stage in China, the govern-
ment can not completely know the economical 
information of applicators. If the real economi-
cal information of applicators is divided into 
two types, corresponding payoff matrixes of 
two types are respectively proposed as shown 
in Table 1 and 2. 

table 1. applying for economically affordable 
house: qualified applicator (Type 1)
Player Government

action approve Do not approve

applicator
apply 100, 150 0, –50

Do not 
apply – 0, 0

table 2. applying for economically affordable 
house: unqualified applicator (Type 2)
Player Government

action approve Do not approve

applicator
apply 100, –150 0, 150

Do not 
apply – 0, 150

In this game, the government do not know 
real type of applicator, but know that the pos-
sibility that applicator is qualified is p, and 

the possibility that applicator is unqualified is  
1 – p. therefore, the expected income when 
government selecting to approve the applica-
tion are 150p – 150(1 – p), and the expected 
income when government selecting not to ap-
prove the application are –50p + 150(1 – p). 
In this case, the expected income to approve 
will be more than the expected income not to 
approve when p > 0.6. Thus to approve the ap-
plication is optimal. 

although the values in the above-mentioned 
payoff matrixes are not static data, the char-
acteristics of them can indicate the optimal 
strategic of government. as the representation 
of the benefits of qualified applicator in the pro-
posed model, the utility that is assumed as 100 
obtained by qualified applicator when the eco-
nomically affordable house being approved will 
be viewed as one part of government income. 
Meanwhile, government can obtain good social 
reputation that is assumed as 50. accordingly, 
government will obtain 150 utility because the 
application of qualified applicator is approved. 

The zero-sum relationship between quali-
fied applicator and unqualified applicator in-
deed exists for the reason that the quantity of 
economically affordable housing is fixed, which 
means qualified applicator will lose an oppor-
tunity when unqualified applicator obtaining 
the economically affordable house. Hence gov-
ernment will lose 100 utility, moreover bad 
social reputation will be obtained by govern-
ment. Then the utility of government is –150 
when the application of unqualified applicator 
is approved. 

When government does not know real type 
of applicator, the optimal strategic depends on 
the influence from the actions of applicator and 
the identified possibility of type of applicator 
by government. Therefore, strict qualification 
is very necessary, so that the possibility that 
unqualified applicators can obtain economical-
ly affordable houses will be reduced greatly, 
although small part of unqualified applicators 
will also obtain houses. as a conclusion, the 
only action for government is to approve. 
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Based on the above-mentioned analysis, the 
supervision on the agent is very significant, 
which can provide more information of appli-
cator and increase the accuracy to identify the 
type of applicator. 

3.2. the discussion on current 
mechanism

(1) Strengthening supervision and an-
nouncement system is reasonable and 
necessary; 

(2) The restriction in current mechanism 
of economically affordable housing in 
China is excessively loose. for exam-
ple, sometimes the applicator could be 
agreed to purchase extra area, which 
means unqualified applicator has incen-
tive to deceive the government. This sit-
uation does not meet the requirements 
of incentive compatibility. although 
certain measures have been taken to 
verify the qualification of applicators, 
some unqualified applicators can apply 
for economically affordable houses. 

(3) The area of economically affordable 
house is able to greatly affect whether 
the policy is incentive compatibility. 
However, there are no explicit strate-
gies in present policy about the house 
area. Based on the analysis, to deter-
mine the house area does not have the 
relationship with economical income 
and current house area of applicator as 
well as regional situation, but also have 
strong relationship with the type of ap-
plicators. 

Therefore, the house area is a very complex 
issue, in which the influence of economical and 
living status of applicator should be considered. 
Meanwhile, the most important point is that the 
preferences of applicators can be considered in 
the rule of incentive compatibility to protect the 
benefits of qualified applicators based on their 
real status as well as to strengthen the reputa-
tion of government. Thus following mechanism 
design will focus on how to determine the area 
of economically affordable house. 

4. incentiVe mechanism design 
for the policy of access to 
economically affordable 
housing in china

4.1. the objectives and principles of 
mechanism design

Objectives
The objective of proposed incentive mecha-

nism is designed to legally avoid the situation 
that unqualified applicators pretend to be the 
qualified to apply for and purchase economi-
cally affordable house. 

Principles
1) The principle of participation: to ensure 

that qualified residents have drive to pur-
chase economically affordable houses;

2) The principle of incentive compatibil-
ity: to ensure unqualified applicators’ 
incomes obtained from pretending to be 
the qualified to apply for and purchase 
economically affordable house will be less 
than their incomes obtained from not 
pretending. 

The model of mechanism design
Government actually is the representation of 

qualified applicators when economically afford-
able house being facilitated. Therefore, the gov-
ernment’s incomes can be represented by quali-
fied applicators’ incomes (Bergemann and Mor-
ris, 2005). another important issue is the value 
of social reputation M. When the application of 
unqualified applicator obtains approval from 
government, government will lose an opportu-
nity to provide house to qualified applicator. In 
this case, government will loose social reputa-
tion M, and the utility of government is –M. In 
proposed model, all preferences are as same as 
the preferences of mechanism analysis. 

a model of mechanism design for the mech-
anism of access to economically affordable 
house in China under information asymmetry 
is presented in eq. (11) based on eq. (14) - eq. 
(20) in appendix 3 (The detailed process can 
be found in appendix 3). 
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4.2. case study of access to economically 
affordable house in beijing city

In China, applying for the economically af-
fordable house is conducted by family as the 
unit. Household population, especially the pop-
ulation that has economical ability, can influ-
ence the family purchasing ability. In fact, the 
local governments of different cities have put 
income of family that could be composed of dif-
ferent members into consideration when setting 
the standard for application. In the presented 
case as followed, Beijing City as the capital of 
China will be taken as an example to illustrate 
the proposed model as mentioned above.

In released standard for application of Bei-
jing City in oct. 5, 2007, the annual family 
income of a family of one, a family of two, a 
family of three, a family of four, and a fam-
ily of five respectively is 22,700 RMB, 36300 
rMB, 45,300 rMB,52,900 rMB, and 60,000 
rMB. and standard household net assets 
respectively are less than 240,000 rMB, 
270,000 rMB, 360,000 rMB, 450,000 rMB, 
and 480,000 rMB (local Government of Bei-
jing City, 2007). Before this standard being re-
leased, the standard annual family income for 
applying for economically affordable house in 
Beijing City is 60,000 RMB, which is a unified 
standard for all kinds of family structure and 
does not distinguish based on the number of 
family member. Therefore, new released stan-
dard in 2007 intended to focus on the differ-
ent family structure, on the basis of which the 
standard economically affordable house area 
for a family of three in Beijing City will be dis-

cussed because it is primary family structure 
in China right now.

Based on the data presented before, annual 
income of qualified applicator is set as 45,000 
RMB and income of unqualified applicator is 
set as 60,000 rMB. Thus θlow = 45,000, θhigh = 
60,000.

In 2007, average market price of house 
transaction is 14,411 rMB/m2 according to 
government transaction data (research Group 
on Beijing Housing Price, 2007). for the con-
veniences of calculation, market price is set as 
14,400 rMB/m2 in illustrated case that is c = 
14,400. Meanwhile land price per floor area in 
2007 is 3,799 rMB/m2, which is set as 3.800 
rMB/m2 in illustrated case that is P’=3,800. 
according to the suggestions of experts from 
Ministry of Construction, t% is set as 85%. 
Thus the reference value of parameter in pre-
sented case can be shown in Table 3.

table 3. reference values of parameters in 
illustrated case

Parameter θlow θhigh c P ′ t%

reference value 45000 60000 14400 3800 85%

Based on the calculation in appendix 4, the 
house area should be controlled on the interval 
(11.89, 36.93). In this case, qualified applica-
tors will have incentive to apply for economi-
cally affordable houses. on the contrary, un-
qualified applicators will have no incentive to 
submit the application. 

The utility of government is then can be 
calculated by eq. (12).
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accordingly, the utility of government can 
achieve maximum when S*=29.46≈30, which 
can make qualified applicators apply for the 
economically affordable houses and unquali-
fied applicators not apply for the economically 
affordable houses. The maximum utility of 
government is 81700 + M.

4.3. discussion 

The illustrated case shows how to calcu-
late the economically affordable house area 
for a family of three to maximize the utility 
of government considering incentive compat-
ibility. Slightly unsatisfactory is that the aver-
age area for each person is only 10 m2 that is 
relatively small, but this result is also rescan-
nable. The average housing area per person 
in China right now is about 25 m2, which in-
cludes urban housing and a great amount of 
rural housing. for a family of three in urban, 
a house with 30 m2 can meet basic require-
ments for live. 

1) The range of numerical value for S is 
on the interval (11.89, 36.93), which is 
small. This range is based on the survey 
on the house consumption tendency of 
residents, and is also related to the in-
comes of unqualified applicators θhigh and 
the characteristics. The former focuses on 
the influence on the area that unqualified 
applicator is willing to purchase. The lat-
ter focuses on the position of range on the 
axis. actually, the incomes of residents 
will strongly influence their house con-
sumption activities. 

2) The rule of incentive compatibility was 
well utilized in proposed model. The ratio 
of housing price to income based on the 

calculation result is 30m2 × 3800/45000 = 
2.533, which is much lower than the ratio 
25 according to the latest reports from 
Beijing (lu et al., 2010). If the ratio 
achieves the UK level between 3 and 61, 
the annual family income will be between 
38,000 rMB and 19,000 rMB. This is 
the level that should apply for low-rent 
housing in China. on the other hand, the 
ratio will be 1.9 if applicators θhigh get 
the houses, which will be very low and 
unreasonable. Thus the proposed model 
can well protect the benefits of qualified 
applicators and exclude unqualified ap-
plicators. furthermore, a relatively small 
result (30m2) can further control the op-
portunistic practices of applicators θhigh. 

3) The utility function of government in 
Eq. (1) is difficult to model and param-
eterization. The Table 1 and Table 2 are 
used to qualitatively describe the current 
action of government. The utilities of 
government and applicators in the game 
are assumed based on the real status in 
China, which are not used in proposed 
model. actually, the government’s in-
comes are described by qualified applica-
tors’ incomes as shown in eq. (11) and 
appendix 3. Meanwhile, the value M of 
utility for government to obtain social 
reputation is a constant and could be in-
fluenced by macro environment. M would 
be related to the area of economically af-
fordable house. When S is changing larg-
er, M will be larger. 

1 Data source: http://www.mortgageguideuk.co.uk/
blog/house-prices/house-prices-income/
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5. policy suggestions

Therefore, some suggestions can be made to 
help Chinese decision-maker improve system 
of economically affordable housing according to 
the analysis on present mechanism and area 
calculation as mentioned above, which focus 
on how to enhance external environment and 
establish internal mechanism. 

5.1. enhancement of external 
environment

Credit evaluation and income monitor 
The credit evaluation system of residents 

should be established, which has very close 
relationship with social security system. In 
China, social security system completely relies 
on the information of population to be safe-
guarded that can be provided by the popula-
tions themselves, the companies or work unit 
(Danwei) they work in, and the communities 
they live in (Duda et al., 2005; ye and Wu, 
2008; Guo and Chang, 2008). Though there are 
some channels to obtain the private informa-
tion of applicators, the information are still 
imperfect for government. Under this situa-
tion, the credit evaluation can help govern-
ment identify who are the most appropriate 
people should be safeguarded, which can give 
an objective measurement on the applicators 
relating to their income level and the possibil-
ity that they deceive the government. Thus the 
incomes of applicators should be monitored, 
which can provide scientific and accurate defi-
nition for the applicator type and application 
standard benefiting the external environment 
for the system of economically affordable hous-
ing provision. 

Long-term investigate on house consump-
tion psychology 

Whether the consumers will apply for eco-
nomically affordable houses and how much area 
they will purchase depend on their measure-
ment of incomes by the purchasing activities, 
which has weak relationship with whether the 

activities are permitted, especially in the case 
that the punishment is not strict (Wang and 
li, 2006; li, 2009). In order to make appropri-
ate policies, the house consumption psychology 
and preferences of different type of consumers 
should be deeply and accurately analyzed from 
a long-term perspective.

5.2. establishment of internal 
mechanism

Further specification and verification of 
population to be safeguarded

Based on the classification of China Statis-
tical yearbook (2007), the residents are clas-
sified to 7 groups, which are the lowest, low, 
lower middle, middle, higher middle, high, and 
the highest. However, this kind of classification 
is not accurate enough for making policies. 
Present security objectives for economically 
affordable housing are low-income families in 
China, which means at least 50-60% families 
can benefit from this policy based on a wide 
definition of Population to be safeguarded1 
(China Statistical yearbook, 2007-2009). no 
matter which model and means adopted by 
the policy of public housing, the governmental 
resource should be ensured in an affordable 
range, which is the basis of long-term sus-
tainable development of economically afford-
able housing system (liu et al., 2008). Due to 
present situation in China, prior consideration 
should be put into the most needed population. 
Thus real safeguarded objectives should be 
further specified and verified. 

Scientific	and	transparent	policy	 for	appli-
cation standards

Setting standards of house area for qualified 
applicators should not only meet the require-
ment that maximize the benefits of applicators, 

2 Based on the China Statistical yearbook (2006-
2009), the percent of lowest-income families in China 
is about 10%, the percent of low-income families is 
about 30%, and the percent of lower middle-income 
families is about 20%
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but also prevent unqualified applicators from 
strategic selective actions. In present policies, 
family population and local average house area 
are main indicators when approving the area 
of qualified applicators (Guo and Chang, 2008; 
Stephens, General Office of the State Council 
of the People’s republic of China, 2007). The 
indicators that have incentive function are ig-
nored in the decision-making process, which 
will make unqualified applicators apply for 
economically affordable houses seeking eco-
nomical benefits. Hence some measures should 
be taken to limit the utilities of unqualified ap-
plicators when they obtain the houses, all of 
which the most effective and directive method 
is to control house area. 

Controlling the actions to develop economi-
cally affordable houses and limiting their unit 
area

In China, many economically affordable 
houses are developed by private sectors based 
on the requirements of local governments 
(Wong et al., 2006). Thus some developers 
would facilitate sales of economically afford-
able houses by increasing the area of unit, 
which could make approved applicators obtain 
additional area. Therefore, it is more difficult 
to control those applicators. Meanwhile social 
resources are still wasted. 

Increasing the degree of punishment
In present laws and regulations relating 

to economically affordable housing, the pun-
ishment on the fraudulent activities to pur-
chase economically affordable houses is just 
to make up a deficiency as same as market 
price. The detailed punishment is relatively 
vague and lack of strength, which would not 
an alert for the one intend to deceive. The ap-
propriate method is to increase the degree of 
punishment and reduce the expected incomes 
of unqualified applicators based on the above-
mentioned calculation, which can effectively 
reduce the occurrence of fraudulent purchas-
ing and the waste of social resources.

6. conclusions

Given the increased rates of housing mar-
ketisation, housing privatization, and urban-
ization in China, tremendous challenges have 
been imposed on governments as well as the 
low-income families to improve their housing 
conditions to cope with the increasing dynam-
ics and uncertainties derived from economical 
development. To address these challenges ef-
fectively, Chinese government has adjusted so-
cial housing policies to protect and safeguard 
the benefits of low-income families since 2006. 
Despite the government’s efforts to improve 
low-income families’ living standards, the in-
equality in present housing distribution system 
still exists due to an unreasonable mechanism 
in social housing system. among the problems, 
the policies on access to economically afford-
able housing are widely questioned, which need 
to be carefully analyzed and re-designed to ex-
clude those unqualified applicators and include 
those qualified applicators to ensure the social 
fairness and not to waste the social resources. 

The present policies on access to economi-
cally affordable housing was analyzed in the 
paper by mechanism design, which indicate 
that strengthening supervision and announce-
ment system is reasonable and necessary for 
government, and the restriction in current 
mechanism of economically affordable housing 
in China should be strict. The most important 
finding was that the area of economically af-
fordable house could greatly affect whether the 
policy was incentive compatibility. Therefore, 
a housing area calculation model based on the 
incentive mechanism design was presented 
and an illustrated case of Beijing City was also 
conducted. The results showed that an econom-
ically affordable house that area was 30 m2 for 
a family of three can maximize the utility of 
government considering incentive compatibili-
ty, based on which some policy suggestions are 
made including enhancing external environ-
ment (Credit evaluation and income monitor, 
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Long-term investigate on house consumption 
psychology) and establishing internal mecha-
nism (Further	specification	and	verification	of	
population	 to	 be	 safeguarded,	Scientific	 and	
transparent policy for application standards, 
Controlling the actions to develop economically 
affordable houses and limiting their unit area, 
and Increasing the degree of punishment ). The 
discussion in this paper is expected to generate 
interest in a more thorough understanding of 
the current New Housing Reform and hence a 
more rounded research agenda of the applica-
tion of policy management in social housing 
system in the Chinese context. 

on the other hand, the limitation is that 
the paper mainly focuses on academic find-
ings based on many qualitative assumptions 
and aims to absorb the interests on affordable 
housing in China. further researches should 
focus on how to make model more applicable to 
be applied in different region and contribute to 
the real public policy decision making. 
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skaičiavimo modelis, pagrįstas skatinamojo mechanizmo projektavimu
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politikos krypčių veiksmingumui. Be to, pateikiamas skatinamojo mechanizmo projektavimu pagrįstas būsto 
ploto skaičiavimo modelis ir atliekamas Pekino atvejo tyrimas, kuris, atsižvelgiant į skatinamųjų priemonių 
suderinamumą, gali maksimaliai padidinti vyriausybės naudingumą. Pabaigoje nagrinėjami keli politiniai 
siūlymai, įskaitant išorinės aplinkos gerinimą ir vidinio mechanizmo sukūrimą.

http://dx.doi.org/10.1080/0042098992881
http://dx.doi.org/10.1080/00420980500231746
http://dx.doi.org/10.1016/j.habitatint.2005.04.001
http://dx.doi.org/10.1080/0042098966529
http://dx.doi.org/10.1177/0042098009356482
http://dx.doi.org/10.1080/08111140802301740
http://dx.doi.org/10.1016/j.habitatint.2004.02.010
http://dx.doi.org/10.1016/j.habitatint.2004.02.008
http://dx.doi.org/10.1080/02673030304254


The Analysis on the Policy of Access to Economically Affordable Housing in China: an Area ... 249

appendix 1

Θ: the applicators’ type space constituted by all possible type of applicators;

θk: a specific type of applicators, θk; Θ, k = 1, … n, θk can not only be one-dimensional but also be 
multidimensional. Meanwhile, θk can not only be continuous but also be discrete. In model proposed 
in this paper, the applicators can be divided into two types based on that whether the actual 
economical situation of applicator consistent with the economical situation regulated by Management 
Instrument of economically affordable Housing (Ministry of Construction of the People’s republic 
of China, 2007). Therefore, the type of applicators would be qualified and unqualified, which are 
respectively defined as θhigh, θlow;

pk: the possibility that applicator belongs to θk, which can be defied as

low high
1

1
k

k
k

p p p
=

= + =∑ ;

Sk: the decision vector determined by planner based on the agent’s type provided by agent itself. In model 
proposed in this paper, Sk is the area of economically affordable housing;

π(Sk): the outcome/benefits of planner;

t(Sk): the payoff of agent from planner based on Sk, also can be called as incentive fee;

π(Sk) – t(Sk): the V-n-M utility function of planner

u (t(Sk)): the outcome/benefits of agent to select Sk;

u : the reservation utility of agent, which is the expected utility when agent not applying for the 
economically affordable house; 

C(θk, Sk): the costs of agent to select Sk.

appendix 2

as house is also a kind of commodity, it also coincides with the law of diminishing marginal 
utility (Bergemann and Morris, 2005). In Chinese life, house is the most important fixed assets for 
common people. Meanwhile, the total assets of Chinese common people in housing consumption 
are primarily comprised of house and bank deposit. The percent of other type of assets is very low. 
Consequently, currency and house area constitute two interchangeable commodities. furthermore, 
they can be analyzed by indifference curve. 

In figure 4, the consumer believes that a house with 120 m2 plus cash of 6,000 rMB have the 
same utility with a house with 40 m2 plus cash of 14,000 rMB. according to figure 1, a series of 
indifference curves corresponding to each level of utility can be mapped, in which the indifference 
curve that has the longest distance with the origin. any indifference curve can not intersect with 
others, as shown in figure 5. The indifference curve, which is the ranking of preferences between 
two different houses, is completely determined by subjective consciousness of consumers despite 
of cost differences and income status. The final decision depends on the budget constraints of con-
sumers that are applicators in this paper (laffont and Martimort, 2000). Based on the hypothesis 
of finite	rationality	economic	man, equilibrium point of consumers to pursue utility maximization 
should be the intersection point that budget constraints line that can touch the indifference curve 
with the highest utility level, which is the cut point between budget constraints line and the indif-
ference curve as shown in figure 6. 
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figure 4. Indifference curve of currency and house area
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It can prove that the ratio of two commodity prices equal to marginal rate of substitution and 
ratio of marginal utilities of two commodities when at the equilibrium point of consumers. If 
the ratio of commodity prices is viewed as an objective evaluation made by the market, ratio of 
marginal utilities of commodities can be viewed as a subjective evaluation made by consumers. 
Thus consumers can achieve utility maximization when objective evaluation exactly accord with 
subjective evaluation as shown in figure 7.

The concept of Consumer Surplus can also be introduced by figure 7. Consumer Surplus means 
consumer can obtain net income, which can explain the reason for occurrence of purchasing be-
havior from another perspective. The area surrounded by vertical axis, demand curve, and price 
line is Consumer Surplus (Bergemann and Morris, 2005). V(θk ,S) indicates the marginal utility 
of house with area S: when θ is constant, V(θk ,S) is demand curve of S, which means the utility 
of economically affordable house per unit area intend to reduce for the applicators in pace with 
increase of area. although the indifference curve, which is the ranking of preferences between two 
different houses, is completely determined by subjective consciousness of consumers despite of cost 
differences and income status, the attitudes of common people will be strongly influenced by long-
term change of income. 

The consume costs of applicator can be expressed by the differences between market price and 
consumer utility according to the origin of Consumer Surplus (Bergemann and Morris, 2005), 
which is

C c S V Sk
S

S S

= × −
=

=

∫* ( , )
*

θ
0

 (13)

where: c is the unit market price for purchasing commercial house; V(θk, S) is marginal utility of 
house area for applicator. 

appendix 3 

1) π(θk)

When the applicator purchase economically affordable house with area S*, π(θk) is shown in 
eq. (14).

π θ

θ θ θ

( )

[ % ( ( , ) )] ,

[

* *

*

*

k

k
S

S S

S P t c S V S S M
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=
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− ×
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=

∫ low low
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



















=

=

∫P t c S V S S M k
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% ( ( , ) )] ,*
*

θ θ θlow high
0









 (14)

2) t(S*)

When the applicator purchase economically affordable house with area S*, t(S*) is shown in 
eq. (15).

* *( )t S S P ′= ×  (15)
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3) π(θk) – t(S*)

When the applicator purchase economically affordable house with area S*,

π(θk) – t(S*)=
[ % ( ( , ) )] ,

[

* * *

*

*

S P t c S V S S M S P

S

k
S

S S
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 (16)

4) Constraints
The objective of proposed mechanism for government is not about a specific action after signing 

the contract, but to accept or do not accept the application of applicators. Hence there is just the 
constraint of rule for participation, which can be developed by eq. (17) and eq. (18). 

S P t c S V S S V S S c S
S

S S

A
S

S S
* *% [ ( , ) ] ( , )
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× ′× − × − × > × − ×
=

=
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∫ θ θlow low
0 0

AA
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∫ θ θhigh

0 0
high

==

∫
SB

 (18)

5) objective function of government
By mechanism design, all applicators should be qualified, which means plow = 1. Unqualified 

applicators will not apply for economically affordable house. Thus the objective function of govern-
ment is shown in followed. 

max{[ % ( ( , ) )] }* * *
*

S P t c S V S S M S P
S

S S

× ′× − × − × + − × ′
=

=

∫ θlow
0

 (19)

6) Model of mechanism design
a model of mechanism design for the mechanism of access to economically affordable house in 

China under information asymmetry is described in eq. (20). 
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The data range of S* can be obtained from constraints, within which the maximum of objective 
function will be obtained (laffont and Martimort, 2000). 

appendix 4 

The marginal utility of applicator can be obtained on the basis of the prior research on the dif-
ferent income groups’ preferences to housing consumption (Wang and li, 2006; li, 2009). In the 
illustrated case, the applicators with type θhigh are willing to pay 50% annual income for houses 
when they have no houses, after that the price that applicator is willing to pay will decline 5% 
every 5 m2. on the other hand, the applicators with type θlow are willing to pay 45% annual in-
come for houses when they have no houses, after that the price that applicator is willing to pay 
will decline 5.5% every 5 m2. The detailed information is shown in Table 4.

table 4. The marginal utility of different type of applicators for different house area

       1–5 m2 6–10 m2 11–15 m2 16–20 m2 21–25 m2 26–30 m2 31–35 m2

θhigh 30000 28500 27075 25721.25 24435.19 23213.43 22052.76
θlow 20250 19136.25 17988.08 16908.79 15894.26 14940.61 14044.17

36–40 m2 41–45 m2 46–50 m2 51–55 m2 56–60 m2 61–65 m2 66–70 m2

θhigh 20950.12 19902.61 18907.48 17962.11 17064 16210.8 15400.26
θlow 13201.52 12409.43 11664.86 10964.97 10307.07 9688.649 9107.33

71–75 m2 76–80 m2 81–85 m2 86–90 m2 91–95 m2 96–100 m2

θhigh 14630.25 13898.74 13203.8 12543.61 11916.43 11320.61
θlow 8560.89 8047.24 7564.40 7110.54 6683.91 6282.87

for c = 14,400, it can be conclude that SA = 30 m2, SB = 75 m2 from Table 4. 

0 5

50,000

100,000

150,000

200,000

250,000

Consuming Utility 
measured by currency  

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105

House area SUnqualified applicator Qualified applicator

figure 8. The utility of different type of applicators

Type
of 
applicator

House
area



J. Zhang et al.254

The total utility figure of different type of applicators is shown in Figure 8, which can be de-
scribed by eq. (21).

V( )θ θ, ( )( )S S l S l S l S l S l l∫ × = + + + +1
4

2
3

3
2

4 5 6  (21)

By numerical simulation using MATLAB software, fitting curve can be obtained as shown in 
eq. (22)
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l e
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 (22)

The comparison between fitting curve and discrete data is shown in Figure 9. 

figure 9. The fitting curve when θ = 45000 and 60000

When θ is changing between 45000 and 60000, the fitting curves can be obtained as shown in 
figure 10.
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figure 10. The fitting curves when θ is changing between 45000 and 60000

furthermore, there are different values of S corresponding to	 ∫V(θ, S) for different combi-
nations of S and θ, which will constitute a camber in 3D total utility space. The camber for 
[θ∈(45000,60000), S∈(0,300)] is shown in figure 11.

figure 11. The camber of total utility
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Therefore, the total utility of residential in the illustrated case can be described as followed. 

V( )θ, [( . ) ( . ) . . )][( .S S e S e S S S∫ × = − − + − − +1 09 9 7 698 9 0 5445 135 1 64 3 2 0093 3 138 7e − −) . ]θ  (23)

eq. (23) is equivalent to eq. (24)
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135 1 60000. ],S θ θhigh

 (24)

Then eq. (24) can be put into eq. (17) and eq. (18), which is shown in eq. (25) and eq. (26).

135 485 1 09 9 7 698 4 0 5445 135 14 3 2. [( . ) ( . ) . . ]− − + − − + − >e S e S S S S11170

135 485 1 09 9 30 7 698 4 30 0 5445 30 135 1 304 3 2. [( . ) ( . ) . . )− − × + − × − × + ×e e ]]− ×14400 30  (25)

226 880 1 09 9 7 698 4 0 5445 135 14 3 2. [( . ) ( . ) . . )]− − + − − + −e S e S S S S11170 <<

226 880 1 09 9 75 7 698 4 75 0 5445 75 135 1 754 3 2. [( . ) ( . ) . . )− − × + − × − × + ×e e ]]− ×14400 75  (26)

eq. (25) and eq. (26) can be further converted to

( . ) ( . ) . . .− − + − − + >1 09 9 7 698 4 0 5445 52 66 374 414 3 2e S e S S S  (27)

( . ) ( . ) . . .− − + − − + <1 09 9 7 698 4 0 5445 85 87 2309 464 3 2e S e S S S  (28)

When S < 100, the value of (–1.09e – 9)S4 is very small and can be negligible. Thus eq. (27) 
and Eq. (28) can be simplified. Then

11.89 107.98S< <  or 593.43S >  is obtained by eq. (27), and 36.93S <  or 174.72.85 493.69S< <  
is obtained by eq. (28).




