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Abstract: Existing studies about the modeling of urban housing price have figured out sets of
factors and the main focus is on the relative spatial location. Generally, this line of research is
descriptive rather than modeling in nature. The underlying reasons for the distribution of
housing price are largely unexplored and more research is needed. The paper therefore at-
tempted to systematically explore the spatial heterogeneities of urban housing price based on
the urban activity interaction rule. Using Beijing as a case study, this study first developed a
new measurement of accessibility which directly depicts the cost and possibilities to access
opportunities of different activities such as employments, educational, shopping and medical
services. From the perspective of demands of different households, the paper then modelled
the relationships between urban housing price and these accessibilities and found that the
distribution pattern of housing price can be relatively well represented by this model that the
R? could achieve 0.7. We investigated the relationship between housing price and the de-
mands of different kinds of households categorized by households of one-generation,
two-generation, three-generation and four-and-plus-generation and found that the demands
of household of four-and-plus-generations is the most highly correlated with housing prices.
The reason might be that this kind of household has more household members and the de-
mands are more diverse and complex, which is more similar to the distributions of all kinds of
activity opportunities in the real world. In the end of the paper, some implications for pol-
icy-making are proposed based on the results of the analyses.
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1 Introduction

Urban house price, as an important content of urban research, has received widespread at-
tention form sociology, urban geography and economics areas. The existing research shows
that home values are determined by architectural feature, location features and public service
facilities (Rosen, 1974). Research on simulation and analysis of house price can be traced
back to Thunen Agricultural Location Theory (Thunen, 1826). Thunen theory is proposed
for agricultural products distribution, but its nature is a highly abstract model for city
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land-value spatial distribution based on a series of simplified assumptions (Krugman, 1996).
Alonso’ s (1964) bid-rent theory is the application of Thunen theory in the urban space. The
theory holds that the determinant of urban land rent is location accessibility to the city center.
Bid-rent theory is also developed under the assumption of single-core city and limited land
use types. After that, overseas and domestic scholars have done a great deal of research on
urban housing price, which involving distribution characteristics and influencing factors of
housing price mainly include building quality (building features, the fixed number of year of
building, etc.) (Gao, 2010), environmental quality (Wen, 2012; Gao, 2010; Li, 2010; Shi,
2006; 2010), public transit facilities (Yu, 2013; Feng, 2010; Dong, 2011; Gao, 2010; Li,
2010; Gu, 2010; Shi, 2009; 2010; Zhang, 2003; He, 2004; Benjamin, 1996; Al-Mosaind,
1993; Voith, 1993; Gatzlaff, 1993; Cervero, 1993; Koutsopoulos, 1977; Cockerill, 2002;
Weinstein, 2002), commercial center (Yu, 2013; Li, 2010; Zheng, 2008; Ding, 2010; Shi,
2006; TSE, 2003), school (Yu, 2013; Li, 2010; Gao, 2010), and hospital (Dong, 2011) etc.
Among these studies, as the most important factor, location is the key influencing factor of
the urban house price. In terms of evaluation methods of location, most methods always
adopt the accessibility indicator, e.g., the distances from the location to public transportation
station, special schools, hospitals, CBD, park and other related facilities. The common con-
clusion is that the price of house, which is close to rail or bus stations, key school, business
center area, is higher. In terms of the model simulation effect, related studies on local (or
limited sample) house price differentiation simulation can achieve a certain effect, but the
effect on the whole city is not very well, even the simulation results are different in different
cities or in different case study areas within the same city (Gu, 2009).

A city is a complex integrated system and urban spatial development process is the inter-
action between different urban activities through transportation. Urban location conditions
should be the results from the integrated impacts of all facilities in the city, thus urban
housing price is the projection of all these facilities in the whole city. Hence, a more rea-
sonable calculation method should include the number of all kinds of “activity opportuni-
ties” of the whole city and transport conditions. Besides, the generally adopted methods are
to focus on the facilities in a certain range (e.g., the number of facilities within a 1 km radius
or an hour's journey). A threshold value is always needed, but the threshold value is difficult
to determine in science (e.g., the opportunity works within the 1 km, but it does not work at
the 1.1 km). In addition, it is the spatial distribution pattern of urban activities but not certain
facilities that determine the urban operating mechanism (Hansen, 1959; Lowry, 1964;
Wegener 2004; Torrens, 2000), so the core meaning of location should be the “opportunity
and cost” for obtaining some kinds of activities, rather than facilities as the substitution
variable for “activity opportunity”. Therefore, if the location is direct depicted by the acces-
sibility for various kinds of activity opportunities in the whole city rather than substitution
variable, the results not only can show the information of location and transport conditions,
but also can show the size and quality of related “facilities”, that is the number of activity
opportunities which are involved in different facilities; the location can be analyzed on the
whole city not on a limited distance; and the location conditions can be depicted dynami-
cally rather than statically. And still another point, city residents always select residential
location with family as unit. The housing location selection is the comprehensive reflection
for the various kinds of household demands, so household demands provide an important
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approach to model housing price.

When location analysis is drawn in details, it can be identified that the location conditions
include two main factors: urban activity opportunity distribution and transport conditions
connected to these opportunities. A household location selection is based on its accessibili-
ties to different activities according to family structure. Hence, in this paper, Beijing is used
as a demonstrative example. Based on the integrated urban traffic system and the social eco-
nomic activities distribution, a model is developed to calculate how easy to get to various
kinds of activities in the whole city, i.e. transport accessibility (employment accessibility,
education accessibility, consumption accessibility, and medical accessibility). Accessibility
is estimated by zone and activity. Based on these activity accessibilities, the value of each
location for a household is calculated according to household structure, called household
accessibility, which is used to model housing price. Through discussion of city spatial struc-
ture at micro and systems level, this paper aims to provide decision-making basis for gov-
ernment to adjust and optimize urban space structure reasonably, provide reference for
model method of spatial research of housing market.

2 Methodology and study area
2.1 Model

The accessibility of a location (zone) is expressed as the convenience of access to various
kinds of economic activities in city from this location. Accessibility is the comprehensive
expression of urban traffic conditions and the economic activities distribution. Traffic condi-
tions between urban zones are depicted as the convenience to travel between different zones,
which is always expressed by the shortest distance, the minimum time costs or economic
costs, or can be expressed by generalized cost (g) considering time and economic costs
comprehensively. The minimum time is adopted in this paper. Based on traffic network
(formed by transit lines at different levels), GIS shortest path algorithm is adopted to calcu-
late the minimum cost between zones from the minimum time. The estimate result of traffic
condition is an m *m matrix, i.e. traffic cost between each pair of zones.

Based on the discussed above, the model in this paper can be developed as equation (1).
Where, 4;is the traffic accessibility of zone i, /; is the weight of zone j (opportunity distri-
bution), g;; is the transport cost from zone i to zone j, which is represented by time, « is the
distribution coefficient, which represents the sensitive degree of different traffic patterns for
distance change. As we do not split transport mode in this paper, « is assigned value 1.
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According to the equation (1), when assessing the traffic accessibility of zone i, all zones
in the city should be considered with the weight of each zone and transportation distance
from each zone to zone i. In equation (1), the coefficient (-a)) for distance parameter g;; is
negative. When the distance increases, the value of exp() decreases, and the weight of j (W)
is discounted. Hence, if zone j is difficult to reach from i (high transportation costs), the op-
portunity in zone j will become meaningless; conversely, if zone j is easy to reach from i




622 Journal of Geographical Sciences

(low transportation costs), the influence of opportunity in zone j will become big. After tak-
ing logarithm, the dimension of accessibility 4, is same with transportation cost g. Hence, it
is that the higher the value of 4;, the lower the accessibility. If computer program is adopted
to achieve the above model, the algorithm will include two-lever loops: inner loop which is
used to calculate accessibility in the specific zone, and outer loop which is used to assess the
accessibility of all zones. Equation (1) is the extensive application of random utility theory
(McFadden, 1978) based on a huge number of simulations.

This paper aims to assess the location traffic accessibility by activity type, i.e. work, edu-
cation, consumption, medical service. In terms of working trip, traffic accessibility of a city
zone i is influenced by the quantity of jobs in all zones among this city and traffic conditions
between all other zones and zone i. In terms of travel for consumption activity, traffic acces-
sibility is influenced by the market distribution around. Similarly, in terms of travel for edu-
cation and medical service, traffic accessibility is influenced by education or medical service
distribution around. Opportunities of each type of activity in each zone (i.e. variable W in
equation 1) are counted by the number of jobs of that type of activity.

2.2 Study area and data

Beijing central urban area is inside the 6th ring road, and the other 4 suburban counties are
outside the sixth ring road. In order to fully explore the evolution and extension of urban
space, we take the whole Beijing as the case study area. For districts inside or intersecting
with the sixth ring road, data at township (jiedao) level is used and for the suburban counties
data at county level is used. In this way, the study area is disaggregated into 243 zones as
shown in Figure 1.

There are four kinds of data needed in this paper: housing prices data of Beijing; road net-
work data of Beijing based on the digitization of 2010 administrative division atlas (including
highways, urban expressway, national highway, provincial roads, county roads, subway lines,
etc.); the 6th national population census of Beijing (for the household structure data); economic
activity data of Beijing. Among these,
housing prices data comes from real
estate agent (Sofang). The housing
price of each zone is represented by the
average available housing price in this
zone.

The employment activity data with
detailed employment distribution of
Beijing is prepared based on Baidu
Map Point of Interest data (Baidu, 2013)

—— 4th, 5th, 6thringroad  and Beijing Economic Statistics Year-
Housing price distribution:

B High book (CSP, 2013), which covers com-
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[ Middle-low tals, etc. with more than 700,000 re-
[JLow . .
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Figure 1 Study area and housing price spatial distribution assets, employees, etc.
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3 Traffic accessibility

Traffic accessibility of one zone reflects the influence of urban economic activities on this zone.
Based on equation (1) we calculate employment accessibility, education accessibility, con-
sumption accessibility and medical services accessibility. According to equation (1), the
weight of each zone needs to be defined to calculate accessibility of various activities, i.e.,
variable ¥;. The number of employees in each type of activities is used as zonal weight. Com-
parison with adopting the number of work units/facilities, this calculation method can avoid the
deviation of statistics due to different scales of units. The evaluation results of various kinds of
traffic accessibility are shown in Figure 2. Evaluation value in each zone expresses the conven-
ience of residents engaged in various kinds of economic activities, and the advantage of loca-
tion.

——4th, 5th, 6th ring road

& — 4th, 5th, 6th ring road
Employment accessibility:

Education accessibility:

MM High M High
I Middle-high I Middle-high
I Middle [ Middle
[ Middle-low 1 Middle-low

Low ILow
0 20km 0 20km
| — | E—
(a) Employment accessibility (b) Education accessibility

——4th, 5th, 6th ring road
Consumption accessibility:
I High
I Middle-high
[ Middle
I Middle-low

—— 4th, 5th, 6th ring road
Medical accessibility:
I High

I Middle-high
I Middle

[ Middle-low
CLow

0 20km
[E—

Low

0 20km
[—

(c) Consumption accessibility (d) Medical accessibility

Figure 2 Urban traffic accessibility by economic activity

As shown in Figure 2, we divided each kind of traffic accessibility into five grades: high,
medium-high, medium, medium-low and low. The spatial distributions of various kinds of
traffic accessibility are basically similar: areas with higher degree are mainly located in city
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center; the degree shows a decreasing trend from city center to suburb. The reasons are that
all kinds of economic activities are mainly concentrated in the central city, and the number
of them declines gradually from city center to suburbs. 1) Travel for employment: Areas
within the 4th ring road of Beijing still have the strongest geographical advantage. Most of
employment opportunities are still distributed in the main urban area with convenient traffic
conditions within the 4th ring road. 2) Travel for education: Western areas within the Sth
ring road have distinct advantage, and the suburb areas between the 4th ring and the 5th ring
roads also have high accessibility degree. Thus it can be seen that Xicheng district and
Haidian district have good education resources, which make travel for education in these
areas convenience. The other reason is that there are a large number of high quality primary
and secondary schools and universities in the region. 3) The distribution of traffic accessi-
bility for consumption and that for medical services are basically similar. Areas with high
degree mainly locate within the 5th ring road especially central urban areas within the 4th
ring road, which is induced by the surrounding construction of pie-style development. Due
to the worsening traffic conditions in Beijing, it is imperative to evacuate medical and other
activities.

Based on the evaluation results, we will calculate household demand, which is used to
model housing price below.

4 Modeling housing price based on urban household demand

Location demand of the household determines household location selection. The household
location selection is the comprehensive reflection for the various kinds of household de-
mands which is determined by household composition. In order to assess the comprehensive
demands of various kinds of household, this paper divided the household members into three
types: children, people of prime working age, the aged (retirement), and assume that chil-
dren need to get to education, worker and the aged need to get to employment and medical
services. Besides that, all kinds of household need consumption (to get to different markets).
We define household accessibility to represent how easy or difficult for a household to get to
different activities from residential places. We will use weighted summation of different ac-
cessibilities calculated above to get the household accessibility according to household
structure.

4.1 Household accessibility

According to the 6th national population census of Beijing, household is divided into four kinds:
1-generation household, 2-generation household, 3-generation household and 4-and-plus gen-
eration household. Besides, the number of children, people of prime working age and the re-
tirement also can be obtained from the population census. Based on that, the average number of
various kinds of household members can be calculated as shown in Table 1.

Based on travel frequency, referencing household structure, the weights of various kinds
of economic activities on different households are calculated, as shown in Eq. 2. Where,
Weight means the weight of each economic activity, Person means the number of a certain
kind of household members, Frequency means the frequency of people engaged in each
economic activity each month, and 2 as a constant expresses the travel for back and forth.

Weight = Person * Frequency * 2 2)
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Table 1 Demographic structure of households

Houschold Housghold Children Workers Retired
proportion (%) (per household) (per household)  (per household)
1-generation household 50.4 0.34 1.34 0.16
2-generation household 39.4 0.71 2.71 0.25
3-generation household 10.1 1.09 4.11 0.32
4-and-plus generation household 0.2 1.47 5.56 0.32

For employment or education activities, Person represents the number of people of prime
working age or children. There are five working days in each week, 23.7 working days on
average in each month. Thus, the Frequency of each person engaged in this economic activ-
ity each month is 23.7. For consumption activity, empirical value 4 is used as the weight to
show that a household needs to go out for consumption four times every month. For medical
services, Person is the number of the aged, the Frequency of each person for medical ser-
vices each month is calculated as 2. The value of person is shown in Table.2, and based on
that, the weights of various kinds of economic activities on different families are calculated
as shown in Table 2.

Table 2 Weights of various kinds of economic activities on households

Household omployment  odueation consumption_ mdica services
1-generation household 58.15 14.82 3.68 0.32
2-generation household 117.66 30.99 7.35 0.50
3-generation household 178.50 47.10 11.03 0.64
4-and-plus generation household 241.26 63.87 14.71 0.65

According to the weights calculated above, household accessibility of a location can be
calculated by aggregating the accessibilities for these economic activities together (equation 3).
Where, Val;, is the value of location i for household v, A(J);, A(E);, A(S);, and A(M); are the
accessibilities of location i for employment, education, consumption and medical services
respectively, w(J),, w(E),, w(S),, and w(M), are the weights of accessibilities for employ-
ment, education, consumption and medical services.

Val,, = A(J); -w(J), + A(E); - W(E), + A(S), - w(S), + AM); - w(M), 3)

With this equation, household accessibilities of the zone i for various kinds of household
can be calculated. As shown in Figure 3, the values of the same zone for different household
are different.

As shown in Figure 3, household accessibility distribution pattern for different household
are basically similar, i.e. the value decreases gradually from central city to the suburbs. The
main reason is the density of each type of economic activities decreases from central city to
the suburbs. Although the overall pattern is similar, the distribution details are not the same.
For the real estate development, location demands for various kinds of families need to be
considered to determine the house structure, so this research provides a good reference for
real estate development. In the next chapter, the relationship between housing price distribu-
tion pattern and location demands of households are further explored.
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Figure 3 Household accessibility

4.2 Household location demand and housing price

In fact, household accessibility reflects the demand degree of various kinds of families for
each zone. Housing price is determined by various kinds of household accessibilities to-
gether. There is power function relationship between housing price and household accessi-
bility. In this paper, the function relationship is set as:

P =Val"' *Val"} *Val"; * Val"} *¢& 4)
where P; is the housing price in zone i, Val;; is the household accessibility of zone i to
household type j, and m is undetermined index.

Ln transformation is adopted in this function, and OLS method is used for regression
analysis. The obtained results are shown in Figure 3. The overall simulation results of this
model achieve the ideal results all over the city, which provide a good simulation method for
simulation and analysis of housing prices.
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Table 3 The estimation results of household accessibility and housing price

Values of

Variables Descriptions Exponentials . T-test
exponentials

Val,, HousF:hold a-ccesmblhty of 1-generation house- ml 0.002 Insignificant
hold in zone i

Val, Househgld accessibility of 2-generation household m2 B Insignificant
in zone i

Val, s Househ(?ld accessibility of 3-generation household m3 0.004 Insignificant
in zone i

Val, Household accessibility of 4-and-plus generation ma 074 17.20%%

household in zone i

Note: R*=0.70, F=296, “**” means significant at 1% level.

As shown in Table 3, household accessibilities of 1-generation household, 2-generation
household, 3-generation household are not significant, while household accessibility of
4-and-plus generation household and housing price distribution show a high correlation.
There are huge differences among the different household structures. Comparison with the
4-and-plus generation household, household members are relatively few in 1-generation
household, 2-generation household and 3-generation household, thus the travel demand are
often concentrated and have different foci. There are normally many household members in
a 4-and-plus generation households, thus the travel demands are more comprehensive.
Hence, the location selection needs consider demands from various aspects comprehensively.
The consistency of location advantage of 4-and-plus generation household and housing price
distribution expresses that the household location selection is the result of considering all
kinds of travel demands, and it is also proved that housing price is the result of joint action
of various kinds of economic activities.

The size of 2-generation household is bigger than 1-generation household, but its correla-
tion is the weakest, and is excluded in the regression. The 2-generation families usually have
their children in school, thus the spatial distribution of 2-generation household is influenced
greatly by education resource distribution. So it could be drawn that educational resources is
not the key factor of housing price at city level. The reason is that some key primary schools
or middle schools only affect housing price of their surrounding zones. Other reasons are
that in the past many households only have one kid under the one-child policy, so education
travel is only their demand during certain period.

5 Discussion and conclusions

City is an organic whole including the interaction between transportation and land use. It
usually adopts spatial position relationship to characterize the spatial heterogeneity of hous-
ing price, but without the deeper analysis on the quantitative relationship between housing
prices and traffic system, and relationship between housing prices and economic activities.
Hence, it is difficult to achieve a good simulation effect at the city level, especially for
mega-city like Beijing. The internal connection between the spatial heterogeneity of housing
price and urban traffic or economic activities was analyzed in this paper. Based on the con-
struction of urban traffic accessibility model, the influences of employment, education,
consumption and medical services on housing price, and the relationship between the
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household location demand and the housing price are analyzed with model simulation. Spe-
cifically, this paper has improved the existing research in the following three aspects.

Firstly, a traffic accessibility model was constructed. According to the deep analysis of
accessibility, the accessibility indicators in the existing research (distances to certain facili-
ties) are substitute variables which are just similar with these kinds of “activity opportuni-
ties”. These accessibility indicators only reflect the number and scale of facilities, rather the
number of “activity opportunities”; these indicators are static, not dynamic, thus a certain
space threshold is needed but there are some scientific questions in the setting of space
threshold. Therefore, this paper proposed a traffic accessibility model to abandon the substi-
tution variables methods, and calculate the accessibility based on economic activities distri-
bution and transport system throughout the whole city. This model is based on the rule of
interaction between urban activities.

Secondly, a household accessibility model is developed to calculate household location
demand based on household composition. Household accessibility depicts the demand of
every member comprehensively. A household is the basic unit to select house, so household
demand helps analyze the influencing factors of housing price systematically. The model
helps to decide what kind of house structure to develop relating to household demand at
certain location.

Lastly, an urban housing price distribution simulation model based on the household de-
mands was developed according to the household structure. The simulation results show that:
there is a significant correlation between 4-and-plus generation household location demands
and housing price spatial distribution. Generally household members in 4-and-plus genera-
tion household are relative more, thus the travel demands are more comprehensive. It proved
that housing price spatial heterogeneity is influenced by various kinds of economic activities
jointly. However, the number of 4-and-plus generation households is relatively small (0.2%),
thus the demands of this kind of household are not enough to determine the urban housing
price distribution pattern. But this does not deny the usefulness of the model, thus this model
provides an excellent way for the urban housing price simulation analysis.

Besides the contributions to theory, this paper is also helpful for the actual policy making.
At the time of proposing the “adjusting the population based on the industry distribution” as
the spatial structure adjustment in Beijing, the model proposed in this paper can be used to
simulate and analyze the influence of industrial activities distribution on housing price, so as
to provide references for policy scenarios analysis. “Adjusting the population based on the
industry distribution” is used to adjust the distribution of population through adjusting the
spatial distribution of economic activities. The simulation results of our model will change
according to the change of the traffic or the number of economic activities, i.e. variables g
and W in equation (1).

This paper also has some limitations, e.g., the characteristics of the house (quality, fixed
number of year, amenity, etc.), location and the adjacent public service facilities have been
identified as the main influencing factors on urban housing price in the existing research, but
in this paper, only location and the proximity to public service facilities were considered and
their interaction was emphasized. Urban economic activities are classified into four groups,
i.e. employment, education, consumption and medical services. More detailed data need to
be given in the future. The most detailed township dimension data which can be collected



NIU Fangqu et al.: Modeling urban housing price: The perspective of household activity demand 629

right now is adopted in this paper. The houses in the same town usually have different char-
acteristics, thus it is difficult to distinguish them on town scale. Therefore, the simulation
analysis of multiple factors should be further studied on micro-scale (e.g., community scale).
When calculating the traffic condition, the shortest path between zones was calculated based
on the urban traffic network in this paper. However, besides the network distance, the actual
condition of city traffic is also affected by the traffic demand and supply, e.g., too much de-
mand will lead to traffic jams; the weaker road traffic capacity will cause obstruction. Hence,
the further study of this paper is to develop more intelligent traffic model, and to calculate
the urban integrated transportation costs (g). In addition, different traffic patterns (e.g., bus,
self-driving) have different commuting time, thus the sensitivity to the distance is also dif-
ferent. Therefore, the parameter « in equation (1) should be characterized as different values,
which can make the model more perfect and effectively represent the real world.
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