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Effect of Borax and Boric Acid  

on Thermal/Flammability Properties of Rice Husk Reinforced 

Recycled High-Density Polyethylene Composite 

 
Christian Dwight C. Dolotina¹² and Luis Maria T. Bo-ot²1 

¹ Caraga State University, Butuan City, Philippines, cdwightdol21@gmail.com 
²University of the Philippines, Diliman, Quezon City, Philippines, ltboot@up.edu.ph 

ABSTRACT 

Various studies have found rice husk and plastic appears potentially viable in the production of composite 
materials. However, one important parameter that limits various applications of such materials is flammability. 
Thus, the aim of this experimental research is to develop and test new products and investigate the thermal and 
flammability properties of Rice Husk (RH) reinforced Recycled High-Density Polyethylene (rHDPE) integrated 
Maleic Anhydride Polyethylene (MAPE) as binding agent, with Borax (BX) and Boric Acid (BA) as fire retardant 
agent. For this study, production is divided into three stages. Firstly, RH is impregnated with BX and BA (1:1) 
solution at 2, 3, and 4 wt% concentration and oven-dried after 7 days at 105 °C for 24 hours. Secondly, RH/BX/BA 
and rHDPE is blended using a twin roll mill machine with 3 and 5 wt% concentration of MAPE. Finally, the 
blended composite is molded by hot compression machine at 180 °C with compression strength of 50 kg/cm² for 
5 minutes. It was recorded that only 40–45 wt% of fire-retardant BX and BA remains after impregnation process. 
Flammability results showed that adding RH to the composite enhanced flammability compare to the pure rHDPE, 
while adding MAPE as binding agent makes the composite more flammable. However, composite with BX and 
BA as fire-retardant showed significant improvement in flammability properties by reducing horizontal burning 
rate by 26% for 3 wt% and 46% for 5 wt% of MAPE. TGA exhibits increase in thermal stability on RH reinforced 
rHDPE than pure rHDPE, and further enhance by the addition of retardant BX and BA in the composition. 

Keywords: rice husk, high-density polyethylene, thermal, flammability 
 

INTRODUCTION 

To say that the Philippines is with problems in garbage handling is to put it very mildly. 
According to 2010 National Solid Waste Management, every Filipino throws away 
0.40 kilograms of trash every day, on the average. Consisting of 20% of plastic component 
contained in this disposal, a staggering 8,077 metric tons of non-biodegradable materials 
threatens the ecosystem every day [1]. Another environmental problem extends in the field of 
agriculture, i. e. rice husk (RH). Amounting to 20% of the total rice production, rice husk 
becomes one of the widely available agricultural wastes in the country [2]. An estimated 
3.6 million metric tons of rice husks per year are just considered refused; burnt, disposed or 
somehow put to practical use [2]. 

 
© Dolotina Christian Dwight C., Bo-ot Luis Maria T., 2019 
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Over the past few years, rice husk has been found viable in manufacturing particle boards, 
ceiling boards and insulation boards [3]. Studies have reported on rice husk (RH) composite 
using recycled plastic, namely, recycled high-density polyethylene (rHDPE), recycled low-
density polyethylene (rLDPE) and recycled polyethylene terephthalate, or with two or more 
thermoplastic blend (rTPB). Adding agents such as maleic anhydride grafted polypropylene 
(MAPP) and maleic anhydride grafted polyethylene (MAPE) improved interfacial adhesion and 
compatibility with RH at 30 wt% enhances the thermal stability and properties of the 
composite [4]. 

One aspect to consider that limits the various applications of the materials is the reaction-to-
fire property of the composite. Boron compounds have been used as fire retardant since the 
1980s on wood, wood products, and polymer in terms of being non-toxic, eco-friendly, high 
thermal and biological resistance [5]. This present study was done to develop and test new 
products of RH reinforced rHDPE as a coupling agent and BX and BA as a fire-retardant agent. 
The paper thus aims to answer the following: 

1. How does the incorporation of RH affect the thermal and flammability properties of RH 
reinforced rHDPE composite? 

2. How does the integration of MAPE as coupling agent enhance the thermal and 
flammability properties of RH reinforced rHDPE composite? 

3. How does the addition of BX and BA as fire-retardant agent improve thermal and 
flammability properties of RH reinforced rHDPE composite? 

Zhao at al. showed that flame retardancy is closely related to the RH loading level where the 
mechanism for the improved flame retardancy was due to the thermal shielding and diffusion 
barrier effects yielded by the effective silica layer formed during the combustion process [6]. 
The same observation was found by Bilal etal.in 2014 [7]. Arora et al. found out that Poly(vinyl 
alcohol)/Rice Husk/Boric Acid and Poly(vinyl alcohol)/Rice Husk composites are thermally 
more stable than pure PVA. Flammability shows more retardancy on PVA/RH/BA and 
PVA/RH than pure PVA. On burning, RH produce ash which mainly contains silica that shields 
the composites from heat and obstructs the oxygen supply whereas boric acid resists 
dehydration of PVA by protecting the easiest degradable site in PVA [8]. 

Nagied et al. further showed that the increased concentration of fire retardant decreases the 
bending strength of the material. However, addition of boric acid and borax is a good factor for 
good flame protection of the composite [9]. Cadvar et al. also concluded that composite samples 
with borax provided better mechanical properties compared to those of the sample with boric 
acid. Moreover, burning rate of the composite was enhanced with the application of the fire 
retardant than the controlled non fire-retardant samples. Thermogravimetric analysis (TGA) 
also showed that the control samples had lower initial temperature and higher weight loss speed 
of thermal decomposition than the sample with fire retardant [5]. 
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1. METHODS 

1.1.Production 

In preparation, collected rice husk from milling industry was oven-dried at 105 °C for 24 hours 
to reduce its moisture content and ensure its dryness and store in polyethylene plastic bag before 
mixing with BX and BA. Collected bleach plastic bottles was cut into pieces and washed 
thoroughly to remove any remaining residue, rinse and soaked in warm water for 30 minutes 
before sundried for 8 hours. 

1.2.Impregnation 

Before the immersion, oven-dried rice husk was weighed (W1). BX and BA were diluted in 
80 °C distilled water before rice husk was soaked in water with fire retardant solution 
percentage as indicated in the Table 1. After 24 hours, excess water was removed and condition 
at room temperature. After 7 days, rice husk with borax and boric acid was oven dried at 105 °C 
for 24 hours and was weighed (W2) to calculate their percentage gain weight (PGW) according 
to equation 1 [5]. 

    2 1 100
 %

1

W W
PGW

W

 
  (1) 

1.3.Blending RH/BX/BA with rHDPE and MAPE 

Twin-roll mill was prepared by heating the back and front roller to 180 °C. rHDPE was placed 
in the machine where it reaches the stage of plasticity. MAPE with the 3 and 5 wt% was added 
as indicated in the Table 1. Impregnated RH/BX/BA was then added to complete the 
composition. The rolling plastic was kept for few minutes to ensure the homogeneity of the 
composite. 

1.4.Molding 

The composite material are then removed from twin-roll mill machine and placed in 203 × 
203 × 4 mm stainless steel molding and placed into a hot compression machine with 
temperature of 180 °C with a compression strength of 50 kg/cm² for 5 minutes. After 5 minutes, 
the sample is removed from a hot press and placed in a cold press machine with 50 kg/cm² for 
another 5 minutes. The sample was removed from the machine and air cooled for a few minutes 
before removing the composite product from the mold. Finish samples were air dried for 
another 2 days before cutting into a specific dimension required for testing. Samples were then 
cut to 13 mm long × 125 mm wide × 4 mm thick as required by testing standards. 

1.5.Testing 

Flammability tests were performed according to UL94 “Test for Flammability of Plastic 
Materials for Parts in Devices and Appliances” by horizontal burning test method [6, 8]. 
Thermal tests were performed according to ASTM E1131 “Standard Test Method for 
Compositional Analysis by Thermogravimetry” [10, 11]. 
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Figure 1. Samples for flammability test; 13 mm × 125 mm × 4 mm thk. 

2. DATA ANALYSIS 

2.1.Impregnation 

Table 1 shows the proposed RH reinforced rHDPE composite formulation in weight percentage. 
Figure 2 shows the corresponding weight percentage gain on samples with BX and BA before 
and after impregnation process. It has been observed that BX and BA were not entirely infused 
with RH in terms of weight after impregnation process whereby reducing the amount of BX 
and BA on actual composition. Data shows that only 40–45 wt% of the fire retardant remains 
after impregnation process. Table 2 shows the actual composition that exhibits an increase 
amount of RH as result of fire retardant weight loss during impregnation process. 

2.2.Flammability 

Figure 3 shows the average UL94 Horizontal Burning Rate of three specimens per sample. Data 
show that samples with RH (sample 2) have decreased burning rate compared to pure rHDPE 
material (sample 1). Addition of Maleic Anhydride Grafted Polyethylene as binding agent to 
the composite increases burning rate by about 13% with 3 wt% (sample 3) and 32% with 5 wt% 
(sample 7) of MAPE. 

Even though 3 wt% of MAPE increases flammability by 13%, addition of BX and BA to the 
composite clearly enhances flammability by reducing burning rate of the material. Sample 
4 with 1.28 wt% of BX + BA has 23%, sample 5 with 1.36 wt% of BX + BX has 24%, and 
sample 6 with 1.78 wt% of BX + BA has 32% burning rate reduction. 

Incorporating 5 wt% of MAPE increases flammability by 32%. However, addition of BX and 
BA as fire-retardant to the composite significantly enhances flame retardancy by reducing 
burning rate of the material. Sample 8 with 0.92% of BX + BA has 30%, sample 9 with 1.32% 
of BA+BA ha 64%, and sample 10 with 1.68% of BX + BA has 44% burning rate reduction. 

Overall, addition of fire-retardant BX and BA to the composite greatly enhances flame 
retardancy by reducing the burning rate by about 26% (samples 4,5,6) on average with 3 wt% 
of MAPE and about 46% (sample 8,9,10) on average with 5 wt% of MAPE. 
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Table 1. Proposed formulation in weight percentage. 

Sample 
No. 

rHDPE Rice 
Husk 

MAPE Borax Boric 
Acid 

1 100     

2 60 40    

3 58.20 38.80 3   

4 5820 36.80 3 1 1 

5 58.20 35.80 3 1.5 1.5 

6 58.20 34.80 3 2 2 

7 57 38 5   

8 57 36 5 1 1 

9 57 35 5 1.5 1.5 

10 57 34 5 2 2 

 
Figure 2. Percentage weight gain of rice husk with BX and BA. 

Figure 4 shows the actual horizontal burning test of the material. Comparatively, pure rHDPE 
(fig 4a) has blue flame while RH reinforced rHDPE (fig 4b) has yellow colored flame with char 
formation.  

Few seconds after the test started as it reaches 25 mm mark, pure rHDPE (fig 4c) has higher 
flame length in comparison to RH reinforced rHDPE (fig 4d) with char formation upon burning. 
Even though RH reinforced rHDPE composite sample appears to be flammable it significantly 
delays the spread of fire compare to pure rHDPE sample. 

Figure 5 shows one of three specimens per sample after horizontal burning test. Noticeably all 
9 samples exhibit a char formation except the pure rHDPE sample (sample 1). 
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Table 2. Actual formulation in weight percentage. 

Sample 
No. 

rHDPE Rice 
Husk 

MAPE Borax Boric 
Acid 

1 100     

2 60 40    

3 58.20 38.80 3   

4 5820 37.52 3 0.64 0.64 

5 58.20 37.44 3 0.68 0.68 

6 58.20 37.03 3 0.89 0.89 

7 57 38 5   

8 57 37.08 5 0.46 0.46 

9 57 36.68 5 0.66 0.66 

10 57 36.32 5 0.84 0.84 

 
Figure 3. UL94 Horizontal burning rate. 

Char formation of the 9 samples with RH is credited to the silica layer of RH formed during the 
combustion process. The mechanism can be attributed as heat shielding and transmission barrier 
which shields the remaining part of the composite film from heat and oxygen, leading to slow 
spread flame [8]. 

2.3.Thermogravimetric analysis (TGA) 

Approximately 35 to 50 mg per sample were heated from 28 °C to 650 °C at a heating rate of 
10 °C/min under oxygen flow condition were analyzed. Figure 6 shows the investigated TGA 
curves of the RH reinforced rHDPE composites.  
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 a) b) 

   

 a) b) 

Figure 4. UL94 horizontal burning rate. 

 
Figure 5. UL94 horizontal burning rate (after test). 

Sample 1 with pure rHDPE underwent a dramatic weight reduction in the temperature range 
245 °C to 330 °C that losses 78 wt% within 20 to 32 minutes, whereas composite with RH 
underwent three stage degradation process; first stage of weight reduction occurred in the range 
of 28 °C to 225 °C, which corresponded to the moisture evaporation [9]. Second and third stages 
of weight reduction happen at 225 °C to 380 °C and 400 °C to 425 °C that correspond to 
decomposition of rice husk. Composite with fire retardant BX and BA on the other hand 
underwent four stage degradation processes. 

Figure 7 shows the comparison between pure rHDPE (sample 1), RH reinforced rHDPE 
(sample 2), RH reinforced rHDPE with 3 wt% MAPE (sample 3), and 5 wt% MAPE (sample 7). 
3 wt% MAPE doesn’t show any significant contribution compare to sample 2, however addition 
of 5 wt% MAPE exhibit another slight stage of degradation in the process. 
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Figure 6. Thermogravimetric analysis (TGA) of the composites. 

 
Figure 7. TGA with 3 wt% and 5 wt% MAPE. 

Figure 8 shows the contribution of fire retardant BX and BA in the composite with 3 wt% (a) 
and 5 wt% (b) of MAPE as binding agent. Data exhibits thermal stability with the addition of 
fire retardant agent however sample with 3 wt% MAPE shows better thermal stability 
performance than sample with 5 wt% of MAPE. 

Figure 9 shows the homogeneity of the composite through random sampling of samples 6, 9, 
and 10. Data shows that stage 1, 2, and 3 degradation were quite the same, addition of fire 
retardant however display different result on stage 4 degradation per area which signifies that 
BX and BA was not equally distributed in the composition. 

3. CONCLUSION 

Flammability and thermal stability performance of RH reinforced rHDPE composite was 
significantly improved with the addition of RH compare to pure rHDPE sample. A 7% 
horizontal burning rate reduction of the composite was attributed to silica layer created during 
combustion of RH. 

Integrating MAPE as binding agent increases flammability of the composite without fire 
retardant.  
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 a) b) 

Figure 8. TGA (a) 3 wt% MAPE (b) 5 wt% MAPE. 

   

 a) b) 

 
Figure 9. Random TGA (a) sample 6 (b) sample 9 (c) sample 10. 

Adding 5 wt% MAPE show a little improvement on thermal stability of the composite while 3 
wt% MAPE doesn’t show any significant different compare to RH reinforced rHDPE 
composite without MAPE. 

Addition of fire retardant BX and BA clearly shows significant enhancement on flammability 
by reducing horizontal burning rate by 26% with 3 wt% and 46% with 5 wt% of MAPE. On the 
other hand, thermal stability was further improved with the addition of BX and BA to the RH 
reinforced rHDPE composite. 
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ABSTRACT 

In order to ease the influence of the global warming, to cut the emission of the greenhouse gases, the government 
promote the metro as a cleaner and more sustainable mode of transport, causing the rapid development of the 
metro. This article mainly focus on the network centrality to analysis the metro network structure evolution on 
urban form in the time aspect. Moreover, we compare the degree of spatial density and intensity which is measured 
by the intersection ratio, the volume ratio and the building coverage ratio. Moreover, we choose the catchment 
area near the metro in the downtown of Guangzhou as the study pilot. Actually, in the metro network, the “shortest 
distance” is not the geometric distance but the least hubs in the route. Through this analysis, we can analyze the 
impacts that the metro construction takes to the urban form. 

Keywords: metro network, centrality, catchment area, hub, urban form 
 

INTRODUCTION 

Accompanied with the rapid development of the urbanization, the citizens are accustomed to 
use the cars, causing the demand of energy increase rapidly. To face such challenge, many 
developing countries advocate the measures to encourage public transportation. Since the 
Guangzhou Metro Line 1 was built in 1997, the Guangzhou Metro has entered a leap-forward 
development and large-scale network operation era.  

Accompanied with the development of the metro construction and the information of the urban 
agglomeration, the land development and the utilization around the metro stations is also 
developed towards to high density and intensity. 

In the past, the research mainly focused on observing the urban form changes before and after 
the land development, such as the “TOD” theory (Zheng Siqi 2009). After that, the researchers 
found the impact of market segmentation on the research results, but the existing domestic 
research lacked. Location theory is the basis of systematic theory and empirical analysis, so the 
new study proposes a rent competition model to discuss the impact of urban form in the 
catchment area of central area and suburbs (Zhou Jiazhong 2013). 

In this paper, we mainly focus on the impact that different roles take to the urban form in the 
catchment area, not only discuss from the perspective of space and time, but also from the 
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network construction method. For example, the impact taking by the hubs in the urban and 
suburban open sites, and that taking by the beginning and end stations in the metro lines are 
different. We mainly choose Guangzhou as the study pilot because it has a relative 
comprehensive urban functions and more extensive content of urban development and urban 
construction. During the 15 years from 2000 to 2015, the working methods and technical means 
of urban planning have been updated. It also experienced a rapid change in metro network and 
urban form. Therefore, using the data in Guangzhou can make us know more about the impact 
of metro network construction on urban form.  

1. METHODS 

1.1.Study pilot 

1.1.1. Development of Metro in downtown of GZ 

The figure 1 visualizes the metro line before and after the 15-year construction. In 2000, there 
is only one line and ten stations in the metro network while it develops to 8 lines and 66 stations 
in 2010. This period is the main construction period. In 2015, the line6 is added and the whole 
network has around 81 stations. The line6 fill in the vacancies in the middle of the city. The 
specific metro construction schedule is shown in the table 1.  

The paper mainly analysis the urban form differences of the five districts in the historical 
evolution. From the Guangzhou After several adjustments, Guangzhou’s administrative 
subordinate relations and administrative divisions can be divided into the following districts: 
Yuexiu District, Liwan District, Haizhu District and Tianhe District. In addition, the suburbs 
include Panyu District, Huangpu District, Baiyun District, Luogang District and Nansha 
District and Huadu District, municipal county-level cities: Conghua City, Zengcheng City. 

Baiyun District and Luogang District are a little special because they are relatively large. That 
means the location close to the urban area basically belongs to the urban area but to the 
periphery is entirely rural. That’s because the Guangzhou’s jurisdiction shows an elongated 
inverted triangle shape. Thus, the north Huadu District and the south Nansha District are far 
away from the urban area, Conghua City (north of the urban area) and Zengcheng City 
(northeast of the urban area) are farther away. Among these urban districts, this paper mainly 
chooses Baiyun District, Tianhe District, Haizhu District, Liwan District and Yuexiu District. 
Most of the Liwan and Yuexiu districts are old urban districts. Tianhe district is generally new 
urban districts. 

1.1.2. Spatial evolution during 2000–2015 

In recent years, the land supply in Guangzhou mainly focus on Baiyun District, Tianhe District 
and Haizhu District. The main types of the land supply are residential, external transportation, 
public facilities and industrial land. The supply of land for greening and municipal facilities is 
on the low side. Between 2000 and 2015, the construction in the urban area has achieved rapid 
development. The density of high-rise buildings and the average number of floors have 
increased significantly, and the leap-forward development has been achieved. We can see it 
clearly that the Tianhe and Yuexiu Districts have the most significant increase in the floor of 
the building. It mainly concentrate on the new urban area. 
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Figure 1. Metro map in 2000 and 2015. 

Table 1. The railway construction. 

Line Start End number of stations Time 

LINE1 XI LANG GUANG ZHOU 
EAST 

16 1997.06.28 

LINE2 GUANG ZHOU 
SOUTH 

JIA HE WANG 
GANG 

24 2002.12.29 

LINE3 TIAN HE FANYU SQURE 17 2005.12.26 

LINE4 NORTH AIRPORT TIYU WEST 13  

LINE5 HUANG CUN NANSHA PORT 23 2005.12.26 

LINE6 JIAO KOU WEN CHONG  24 2009.12.28 

LINE7 XUN FENG GANG XIANG XUE 31 2013.12.28 

LINE8 WAN SHENG WEI FENG HUANG 
XIN CUN 

13 2002.12.29 

LINE AMP GUANG ZHOU 
TOWER 

LIN HE XI 9 2010.11.08 

LINE GUANGFO XIN CHENG EAST LI JIAO 25 2010.11.03 

1.1.3. Street network evolution during 2000–2015 

In the past 15 years, the Guangzhou government has intensified its efforts to promote road 
infrastructure construction to further improve the urban road function classification system and 
adapt to the trend of family car use . There will be a development and improvement in the high-
speed road system with circular radiation (central urban area) and grid (new development area). 
In the central urban areas, the government will continue to upgrade roads and actively increase 
supply to gradually improve the road system. In the new development zone, it is emphasized to 
build high-speed roads according to the needs of traffic development and the actual situation of 
the region. 
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Figure 2. Building height (Year 2000, Year 2015). 

 
Figure 3. Road Network (Year 2000, Year 2015). 

1.2.Research workflow 

This research workflow about the Guangzhou Metro can be divided into the following parts: 

4. To get the metro network in 2000, 2010 and 2015 by using the topology structure; 

5. To define the suitable catchment area; 

6. To define the suitable catchment area; 

7. To get the three urban form indexes: the spatial intensity, the spatial density and the 
street density; 

8. To analysis the centrality of the metro network in three years; 

9. To find out the correlation relationship between the metro network structure and the 
urban form indexes in the catchment area. The three spatial indexes: the building 
coverage ratio, the volume ratio and the street intersection number. 
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Figure 4. The research workflow. 

1.3.Metro network construction and analysis 

1.3.1. The metro network construction 

According to the actual situation, tourists pay more attention to the number of hubs and the 
route in the process. Therefore, the primary feature of the metro network is the topology 
distance, which is more important than the number of stations and the geometric distance. 

In the network construction process, the first step is to sum all the topological distance from the 
beginning site to the other sites. The topological distance refers to the number of points that 
need to pass on its way. After that, the result is divided by the total number of stations to get 
the average hub number. The smaller the number is, the higher the centrality is and the higher 
the transfer efficiency is. 

   1,  2,  ...,  1

N

i i nV N    (1) 

 i

V
A

S
  (2) 

V : the number of passing points 

iN :the topological distance between two points 

S : the sum station number 

iA : the average number of the hubs 

1.3.2. The network centrality analysis 

There are three conventional centrality index: the degree, betweenness and closeness. We 
mainly regard the metro network as the non-direction network. The degree and closeness refer 
to the connection number and the average distance that one station to all the other stations. The 
betweenness refers to passing point number between two points. With the help of the UCINET, 
we can get the three indexes in each station (CSDN): 

1. Degree centrality: 
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  degree InDegree v  (3) 

v: number of node 

2. Betweenness centrality: 
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d
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d
  (4) 

 std : the shortest path from s to t 

std : the number of nodes passing through the shortest path from s to t 

3. Closeness centrality: 
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id : average Shortest Distance of a Node 

 CC i : the closeness centrality of node iV  

1.4.Measure of urban form in catchment area 

1.4.1. The catchment area 

In the human geography, a catchment area is the area from which a city, service or institution 
attracts a population that uses its services (the Wikipedia). In this article, we choose the 400 m 
as the most suitable range and try to discover the spatial pattern in this area. 

1.4.2. Indexes of urban form 

In this paper, we mainly choose three indexes to analysis the urban form. It can be divided into 
three aspects: the spatial intensity, density and the street density. 

1. Spatial intensity: it’s measured by the building volume ratio: 

 1
i iA H

S
M


   (7) 

1S : the spatial density 

1A : each building area 

1H : each building height 

M : the catchment area 
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Figure 5. The catchment area. 

2. Spatial density: it’s measured by the building coverage ratio: 

 2
iA

S
M

   (8) 

2S : the spatial density 

3. Street density: it’s measured by the number of street intersection. 

1.4.3. Correlation analysis method 

We mainly choose the downtown area of Guangzhou as the research area. In this area, we create 
400 m buffer to analyze the degree of land development. According to the research, this 
distance is a standard accessible distance and can make sure that there is no overlap between 
the station buffer. 

Besides this, due to the different government development strategies in different districts, some 
districts have relatively small and uneven changes because some ancient building area is 
protected in the old town. Thus, the following analysis will be divided by the district. 

The analysis is divided into five areas: Bai Yun District, Hai Zhu District, Li Wan District, Tian 
He District and Yue Xiu District like the following picture shows. In these research areas, the 
changes of Guangzhou Metro Line in 2000, 2010 and 2015 can be found. 

2. EVOLUTION OF METRO NETWORK STRUCTURE 

2.1.Changes of degree centrality 

From the maps, we can conclude that the hub’s degree is significantly higher than the non-
transfer site. 

The number of red points has a significant increase with the change of year, and the point of 
the highest degree is transferred from Sports West to Zhujiang New Town. The construction of 
the line6 makes the degree of the JINGXI SOUTH HOSIPITAL station increase to highest 
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degree position. It can be seen from figure 6 (c) that the point with a higher degree value in 
2015 has increased significantly. 

2.2.Changes of betweenness centrality 

The point of high betweenness means that this point has the greatest impact on the transmission 
of the whole network. As can be seen from the figure, the point that has the greatest impact on 
the whole network has changed from Guangzhou Railway Station in 2010 to Zhujiang New 
Town, Dongshankou, Yang Qi and Jing Xi Southern Hospital staiton are bustling sites in 
Guangzhou. From the three-year change chart, we can see that the area with high betweenness 
moves from the old city to the new city, that is, the center of gravity of the whole network 
moves towards the new city. The betweenness of the whole network increases and the 
connectivity of the network becomes better. 

2.3.Changes of closeness centrality 

In the closeness diagram, the position with a small closeness value has changed from the west 
side of 2010 to the center of the city, that is, it becomes easier from the urban center population 
and residential-intensive areas to other points in the metro network. It fits the reality very well. 

3. EVOLUTION OF URBAN FORM IN CATCHMENT AREA 

3.1.Changes of spatial intensity 

It can be seen from the trend of the building coverage ratio that the change in the building 
coverage ratio is mainly concentrated in the flying park station, and the value of the newly 
added station on the 6th line is also large. The left picture shows the value of building coverage 
ratio in each year and the right shows the change value. From these two tables, we can see that 
the most obvious change is in Hai Zhu District. This district is mainly made by the new town 
and there is less ancient building protection there. 

3.2.Changes of spatial density 

In order to find the impact of these changes to the land development.We have selected three 
factors: the bottom area, the floor area ratio and the number of intersections. Through these 
three factors change in 15 years, the relationship of centrality can be obtained. 

The following maps shows the data we use: 

From 2010 to 2015, the density of road network has increased significantly.Using these data, 
we can get the change map of three index. Through these maps, we can find the area that change 
most. Through these pattern, we can get the relationship of the centrality and the three spatial 
index. 

3.3.Changes of street density 

In the meantime, the change of floor area ratio has a relatively scattered pattern. However, as 
can be seen from the chart, the change in Tian He District is the biggest. One reason is that 
Guangzhou’s New Town is in the Tian He District, the ancient buildings in Tianhe District are 
relatively less protected, too. 
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 a) year 2000 b) year 2015 

 
c) change of degree centrality 

Figure 6. The change of degree centrality from 2000 to 2015. 

  

 a) year 2000 b) year 2015 

Figure 7. The change of degree centrality from 2000 to 2015. 

The place that has the largest change of road intersections is mainly concentrated in the western 
part of the urban area. The center of the urban area has the second largest change. From the 
regional perspective, it has a relatively large change in Haizhu District, Liwan District and 
Tianhe District. 
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 a) year 2000 b) year 2015 

Figure 8. The change of degree centrality from 2000 to 2015. 

 
a) The volume ratio 

 
 b) The volume ratio in each year c) The volume ratio change 

Figure 9. The volume ratio. 
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a) The building coverage ratio 

 

 b) The building coverage ratio table c) The building coverage ratio 
 in each year change table 

Figure 10. The coverage ratio. 

4. IMPACTS OF METRO NETWORK ON URBAN FORM 

4.1.Impacts of metro network degree centrality on urban form 

When degree is used to judge the correlation, Tianhe District shows a significant correlation, 
while the other districts have no significant correlation. What’s more, Tianhe District belongs 
to a new town. According to the Guangzhou Urban Plan Map, the subway in the new town area 
is not affected by the protection area of ancient buildings, from which we can see the influence 
of degree on the new town. It is bigger than the other two centrality indexes. 

4.2.Impacts of metro network closeness centrality on urban form 

As for the closeness, it has an impact on the urban form around the metro in many districts 
except the Haizhu District, it has a balanced impact on Liwan, Tianhe and Yuexiu. However, 
when we analyze the spatial building density, the correlation between the building density in 
Baiyun District and closeness is the greatest. 
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a) The street intersection 

 

 b) The street intersection in each year c) The street intersection change 

Figure 10. The street intersection number. 

Table 2. The degree relationship with the urban form in 5 districts. 

 LiWan TianHe YueXiu BaiYun HaiZhu 

The spatial 
intensity 

 0.388**    

The spatial 
density 

 0.465**    

** represents it has a significant correlation relationship 

Table 3. The closeness relationship with the urban form in 5 districts. 

 LiWan TianHe YueXiu BaiYun HaiZhu 

The spatial 
intensity 

0/576** 0.568** 0.517**   

The spatial 
density 

   0.658**  

** represents it has a significant correlation relationship 
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Table 4. The betweenness relationship with the urban form in 5 districts. 

 LiWan TianHe YueXiu BaiYun HaiZhu 

The spatial 
intensity 

0.552*
* 

0.496**    

The spatial 
density 

 0.708**    

** represents it has a significant correlation relationship 

 
Figure 11. The correlation between the hubs and the network structure. 

 
Figure 12. The Guangzhou Urban Plan Map. 

4.3.Impacts of metro network betweenness centrality on urban form 

When we study the betweenness, we can see that the centrality of betweenness has the greatest 
impact on Tianhe area, especially on the volume ratio of the area, and has a slightly smaller 
impact on the floor area of Liwan area. But it has no obvious effect on other areas. 

When the number of intersections is calculated together with the centrality of all the sites in the 
study area, the correlation is not very strong, so we discuss the points of the hub and the non-
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transfer sites separately, and we can see the transfer site. The correlation between centrality and 
closeness is the highest, positive correlation, 0.547, and the correlation with degree is 0.533. 
However, for those non-transfer stations, the relationship between the number of road 
intersections and the importance of the sites in the network is relatively small and can be 
neglected. 

5. CONCLUSION 

From this map, we can see that most of the stations in Yue Xiu District have obvious overlap 
with the protected area, causing the construction in this area doesn’t have a significant increase 
and the correlation coefficient with the centrality is pretty low or even have no correlation 
relationship. Although the Li Wan District is the same with Yue Xiu District and close to the 
protected area, it has no significant overlap and just passes the protected area. Thus, there is a 
satisfied and positive correlation relationship in Li Wan District. 

Without any protected area, Tian He District’s spatial index have the most significant positive 
correlation relationship with the centrality. Among them, the relationship between degree and 
betweenness is the most obvious.  

In the relationship between degree and betweenness, the areas with high closeness value in 
Tianhe District are all on the edge of the network, while Haizhu Square with the highest volume 
ratio is just in the center of the network. These extreme values cause abnormal results. 

In the opposite, Yue Xiu District has the negative correlation because the protected area.Liwan 
District also has protected areas, but the relationship is still proportional, because these 
protected areas are not directly covered by the site area, the site of Liwan District just avoids 
the building protection area of Liwan District. 

Without many protected area, Hai Zhu District also has a relative low correlation relationship. 
Observed from the metro line structure, we can see that it has a significant liner distribution 
when others have the random distribution. We can know that the liner distribution has relative 
small influence on the land development.  

In conclusion, if the government wants the construction of metro can promote the land 
development, they need to decrease the overlap between the protected area and the station 
buffer. What’s more, the station can has a relative random and uniform distribution. 
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ABSTRACT 

The allocation model of urban vitality is an important issue in urban planning and construction. Existing studies 
mostly explore the impact of different factors on urban vitality from the perspective of variables and results, and 
pay close attention to the relationship between vitality and space. Firstly, this paper describes the urban vitality of 
Tianhe new town in Guangzhou from the perspective of vitality and space, and puts the vitality space under 
different network place relations, explores the dynamic spatial coupling relationship under the two patterns of 
global functional network and local community network, which further makes dynamic progress on the vitality 
space explanation. 

Keywords: urban vitality, urban network, new town area, spatial-vitality coupling mode 
 

INTRODUCTION 

The city is the place where people live. The interaction of human activities behind the material 
form influences and decides the development of the city. Understanding the different allocation 
of urban block vitality is of great significance to urban planning and design. According to Jane 
Jacobs’s (1961) definition of urban vitality, urban vitality is related to street life. She believes 
that cities are energized by the interweaving of human activities and living places. John 
Montgomery (1998) proposed the view that a successful city design must combines these three 
basic elements together: physical space, sensory experiences and activities.  

From the perspective of urban fabric, Tongming (2014) elaborated their relationship with urban 
vitality, and represent urban fabric as the combination of city form such as architecture and 
blocks as well as urban web consisting of multiple element nodes. On a smaller scale, Wangyi, 
Lu Jiwei et al. (2016) put forward the concept of building a distinctive vitality zone in view of 
the North Bund area of Shanghai and regard the pedestrian system and public space as the two 
essential elements of the dynamic zone.  

On the scale of time dynamic change, urban vitality tends to a suitable building density and 
form with the passage of time, and gradually has a sufficient degree of functional mixing and 
gathers to high accessibility plots. Yeyu and Zhuangyu (2017) studied and validated this 
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hypothesis on the basis of three new towns, Lelystad, Almere and Zoetermmer, aiming at the 
evolution of urban spatial form and vitality over a long period of time.  

Spatial morphology, as a place for carrying behavior, will have an impact on social activities, 
and the interaction between life activities and habitat space will affect the vitality of the city. 
This study aims to explore the interactive manifestations of vitality under the two different 
relationship patterns of community and global, which can help us understand characteristics of 
urban vitality from a dynamic perspective, and put forward more pertinent suggestions on the 
design and construction of new urban areas.  

4. METHODS 

4.1.Study pilot 

Guangzhou is one of the most developed cities which is in the central of the Pearl River Delta 
urban agglomeration of China. The study focuses on Tianhe New District, which is the new 
urban center of Guangzhou, located on the new central axis of the city. connects Huangpu 
District in the east, Pearl River in the south, Yuexiu District in the West and Baiyun District in 
the north. The administrative area covers an area of about 1373.38 km². By the end of 2018, the 
Tianhe New District had 939.2 million registered residents and 174.66 million permanent 
residents. 

Tianhe New District plays an important role in the new urban development planning process. 
According to the urban spatial development plan, the construction of Guangzhou Pearl River 
New Town and Tianhe Central Business District in Tianhe New Area will push the focus of 
urban development to the east, centralize the traditional industries in the old city central area to 
the front line of Huangpu-Xintang, and form a dense Industrial Development Zone in the east 
wing. 

The study first identifies the characteristics of Tianhe new town in the two respects of vitality 
and space morphology, and then explore the coupling mode of these two factors in two different 
network relationships.  

The basic block units of the study are divided according to different type of land use and road 
forms, which possess the vitality characteristics of social activities as well as economic 
activities occurring on different spatial forms. 

We use Point of Interest (POIs) obtained from Baidu API to capture the vitality based on lively 
social, which is measured by transportation, business, hotels, residential, retail, public service 
facilities, education, bank, catering and cultural and sports services. In addition, housing price 
obtained from Home Link China and Anjuke represent the vitality based on economic income 
level. 

Since that the study area is an urban area, natural landscape factors such as terrain are not taken 
into account from the perspective of spatial form, and the spatial morphological database mainly 
comes from buildings and roads data. 
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Figure 1. Technical Flowchart. 

The second part of this study is identify the communities in Tianhe new town from two different 
relationship patterns, one is under the global scale which use block gravity model to measure 
the interactions between blocks according o their functions, the other one is the 500-meter 
access which describe the community from the neighborhood scale. A spatial-vitality coupling 
mode is obtained by the correlation analysis in the two network scales above. 

4.2.Measure of vitality 

The POI density obtained by dividing the number of POIs by the area of each block can 
indicates the heat of social activities per unit area of land. As for economic activities, housing 
price is used to describe the economic input per unit area. 

ArcGIS’s interpolation method is applied to get the unit price distribution of housing in the 
whole region of Tianhe District since that housing price data obtained from Home Link China 
is a point dataset. The interpolation result can be seen in figure 2. Warm colors of the color bar 
represent higher house prices, while cold colors represent lower house prices. The map shows 
that Pearl River New Town area possesses the highest housing price among the whole district, 
which indicates the economic vitality there is also the highest. 

Because of the inconsistency of POI density and house price data in magnitude, we standardized 
the two sets of data and principal component analysis shows that they can explain 50.879% and 
49.121 variables respectively, so they can be approximated as having the same weight. Thus, 
the standardized arithmetic average is used to represent the vitality of human activities. 
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The formula for calculating the vitality is as follows: 

 
POI density Housing prise

2
V


  (1) 

where POI density and housing price both refer to standardized data. 

4.3.Measure of spatial form 

Floor area ratio and building density can be used to characterize the construction intensity. A 
relatively high floor area ratio or building density often means that it can provide more use 
functions. Getting weights of floor area ratio and building coverage by the principal component 
analysis, the spatial utilization index is as follows: 
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  (2) 

where FAR is floor area ratio and BC refer to building coverage of each block: 
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  (3) 

 
building area

block area
BC   (4) 

Other indexes to describe the morphology of urban blocks are the standard score (z score) of 
the area of the block and functional mix. Z-score can reflect the discrete degree of functional 
land size, and the calculation formula is as follows: 

 
block shape area mean block area

z score
standart deviation


  (5) 

Functional mix applies the Shannon entropy function and the formula is: 

 
1

ln
n

i ii
MIX P P


    (6) 

Where Pi is the proportion of the ith functional type of POI in each block, and the POIs used are 
divided into four different main types, housing, office, commercial and public. Classically, the 
larger the value of functional mix indicates a relatively higher level of use mix. 

4.4.Urban network construction 

4.4.1. Walkable access of road network 

On the scale of community neighborhood, walking is the main transportation way of business 
activities and we consider 500 meters as a relatively comfortable walking distance. Thus, the 
criteria within a 500-meter walking distance is set to measure the access of each block. If two 
blocks are within the 500-meter walking distance, then it is regarded as a link exists between 
them, which is given the weight of 1. If two blocks are not connected in the 500-meter walking 
distance, we consider the weight between them as 0, which means there is no link between these 
two blocks from the perspective of walkable access. 
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Figure 2. Interpolation of Housing Price in Tianhe District. 

4.4.2. Gravity model of block network to measure the interaction between blocks 

We divided the blocks into six different types of land use, they are SECH (Land for Science, 
Education, Cultural and Health), business area, green space, industrial zone, residential area 
and others. Table 1 shows the score of interaction between different land-use types. The higher 
the score, the more interactivity of the blocks. We establish a gravity model as follows, which 
also take distance into consideration (based on the hypothesis that close neighborhoods are 
more likely to interact): 

 
i i j j

ij

s POI FAR POI FAR
G

d

  
  (7) 

Where s refers to the weight score according to the land relationship, i and j represent ID number 
of block and dij is the distance between block i and block j. 

The centrality index calculated by the gravity model result is used as the index of block network. 

4.5.Community detection and spatial-vitality coupling 

Consider the blocks as nodes and the relations between them as edges, we can establish the 
urban network in two different scales above and further detect communities in each scale of 
urban network using Pajek software.  

On the basis of community discovery, we first count the vitality of each community and rank 
them by means. Secondly, through SPSS correlation analysis, we can further identify the 
coupling relationship of spatial activity. 
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Table 1. Score table according to land relationship. 

  SECH  Business 
Green 
space 

Industrial Residential Others 

SECH  0.5 1.2 0.5 0.5 1.2 0.1 

Business 1.2 1 0.5 0.5 1.5 0.1 

Green space 0.5 0.5 0.8 0.1 1 0.1 

Industrial 0.5 0.5 0.1 0.5 1 0.1 

Residential 1.2 1.5 1 1 0.8 0.1 

Others 0.1 0.1 0.1 0.1 0.1 0.1 

Analyzing the correlation between human activities and spatial morphological indicators under 
two different relationship patterns of community and global can reveal the differences of urban 
vitality manifestations in different blocks. 

5. FEATURE ANALYSIS ON URBAN VITALITY AND URBAN FORM 

5.1.Spatial distribution of POI data 

Statistical discovery of different kinds of POI data (figure 3) shows that high POI density area 
tends to be clustered near Pearl River new area while low POI density pattern is found in the 
northern part. 

Blocks of university usually cover a large area, which lead to the existence of larger POI number 
in those blocks (figure 4). And in well-planned but smaller blocks, the number of POIs is 
relatively small. However, bigger area doesn’t mean that the vitality is higher than other blocks. 
Compared with the number of POIs, the data of POI density can better reflect the actual vitality 
of the block. 

5.2.Vitality calculation 

Refer to the previous formula, the vitality index is calculated as the average of the standardized 
data of POI density and housing price. According to the distribution of proportion of the vitality 
pyramid, we divide the vitality index into four different grades, as can be seen in figure 5. The 
shade of color is used to indicate the degree of vitality. The darker the color is, the higher vitality 
index it represents. 

The Pearl River New Area in the southwestern region has the highest vitality value, which is in 
consistent with the distribution of POI density data. Medium level vitality is found in blocks 
near the central axis of Tianhe New District while northwest and east area possess the lowest 
vitality. 

5.3.Spatial Morphology 

Statistics description including minimum, maximum, mean and standard deviation or 
standardized POI number, POI density, Housing price, floor area ratio and original z-score are 
presented in Table 2.  



Chinese University of Hong Kong, Harbin Institute of Technology 

 

45 

 
Figure 5. Vitality distribution of Tianhe New District. 

Table 2. Descriptive of normalized POI, POI density, housing price, FAR and z-score statistics. 

 Minimum Maximum Mean Deviation 

POI 0.0000 1.0000 0.0490 0.0872 

POI density 0.0000 1.0000 0.1448 0.1588 

Housing Price 0.0000 1.0000 0.2855 0.1840 

FAR 0.0000 1.0000 0.1164 0.1224 

z-score −0.4773 14.3636 0.0000 1.0009 

Deviation data indicates that housing price and POI density both have significant spatial 
differences. 

From the land use map (figure 6) we can find that southern parts of Tianhe New District are 
mainly residential and commercial areas, which account for larger weights in the weight matrix. 

The overall distribution pattern of floor area ratio in Tianhe New District is also in consistent 
with previous figure of POI density and housing price. The highest FAR is located near the 
Pearl River New Town and decreasing gradually from southwest to northeast. 

6. SPATIAL-VITALITY COUPLING MODE BASED ON GLOBAL NETWORK 

6.1.Community detection under global scale 

The block network obtained by the gravity model is used to study the relationship of activities 
and morphologies on a global scale, for that blocks were able to interact with all other blocks 
cover the whole study region.  
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Figure 6. Block divided by road network and land use. 

 
Figure 7. FAR and Spatial utilization index distribution pattern of Tianhe New District. 

Community detection is used to identify the community structure in a network. The result of 
this analysis indicates different kind of community in which closer interaction exists within the 
community. 

Referring to Figure 10, there is no clear boundary among each kind of communities, especially 
in the central region of Tianhe New District where different communities are highly mixed. 
Only Pearl River New Town and the blocks in the northern part of Guangyuan Expressway 
formed continuous region of community. 

From the statistical description table, community 1-4 is divided in order of vitality values. The 
vitality decreased gradually from community 1 to community 4. 

The block network obtained by the gravity model is established based on the weight of land-
use type relationship and distance, refer to the formula in chapter 2.4.  
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Table 3. Descriptive of vitality in communities. 

  community 1 community 2 community 3 community 4 

means 0.3723 0.2639 0.1980 0.1492 

Std. Deviation 0.1115 0.1196 0.0950 0.0837 

Gravitational values between different blocks, served as the edge weights, form a network 
matrix of blocks, which can be furthered analyzed in the global scale. 

Betweenness centrality of this block network indicate the number of blocks that interact most 
closely with this block. Warm tones denote a larger number of neighborhoods with the highest 
degree of interaction with that block, while cold tones denote the opposite. 

From the statistical description table, community 1-4 is divided in order of vitality values. The 
vitality decreased gradually from community 1 to community 4. 

The block network obtained by the gravity model is established based on the weight of land-
use type relationship and distance, refer to the formula in chapter 1.4. Gravitational values 
between different blocks, served as the edge weights, form a network matrix of blocks, which 
can be furthered analyzed in the global scale. 

Betweenness centrality of this block network indicate the number of blocks that interact most 
closely with this block. Warm tones denote a larger number of neighborhoods with the highest 
degree of interaction with that block, while cold tones denote the opposite. 

6.2.Spatial-vitality coupling mode in communities 

Correlation results in Table.4 suggest that vitality of communities is positively correlated with 
FAR from the perspective of global network. The first two community with higher vitality are 
similar in relationships between vitality and other space morphology factors. They both possess 
the negative correlation between vitality and z-score, with the correlation coefficients −0.338 
and −0.315 respectively. The functional mix, however, is not correlated with vitality in 
community 1 and community 2. Blocks in community 3 and 4 disperse in the periphery area of 
Tianhe new town. We find it interesting that in the community with the lowest vitality means, 
functional mix tends to have a negative relationship with vitality level, with the coefficient of 
−0.136, which suggest that in the periphery of Tianhe new town, the increase of POI diversity 
will not have a positive impact on urban vitality. 

7. SPATIAL-VITALITY COUPLING MODE BASED ON GLOBAL NETWORK 

7.1.Community detection under global scale 

Neighborhood-scale network relationships are determined based on the 10-minute walking 
range. Thus, we use the 500-meter walkable area to study the community distribution at the 
neighborhood scale. 

The results obtained by the Pajek software’s community discovery divide the 500-meter 
walking network into five different communities, as shown in Figure 9.  
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Figure 8. Betweenness Centrality of Block Network. 

Table 4. Descriptive of vitality in communities. 
   

MIX z-score FAR BC 

COMMUNITY 1 vitality Correlation Coefficient 0.013 −0.338* 0.533** 0.203 
  

Sig. (2-tailed) 0.929 0.017 0 0.161 

COMMUNITY 2 vitality Correlation Coefficient 0.087 −0.315** 0.538** 0.085 
  

Sig. (2-tailed) 0.258 0 0 0.265 

COMMUNITY 3 vitality Correlation Coefficient -0.036 −0.151 0.217* 0.064 
  

Sig. (2-tailed) 0.726 0.145 0.035 0.54 

COMMUNITY 4 vitality Correlation Coefficient -0.136* −0.084 0.262** 0.031 
  

Sig. (2-tailed) 0.044 0.215 0 0.649 

Community agglomeration presents a circular sector centered on the Pearl River New Town in 
the southwest direction. We mark the community from the middle to the periphery in order of 
1–5. Discriptive statistics including mean and standard deviation can be seen in Table 5.  

According to the order of vitality from high to low, the five communities are community 1, 
community 2, community 3, community 5 and community 4. Standard deviation shows that 
distribution of vitality difference in the first and second communities is relatively large, with 
the value 0.099 and 0.119. At the same time, community 3, 5 and 4 all possess the vitality means 
between 0.1–0.2. 
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Table 5. Descriptive of vitality in communities. 

  Mean Std. Deviation N 

Community 1 vitality 0.342 0.099 51 

Community 2 vitality 0.311 0.119 143 

Community 3 vitality 0.177 0.083 188 

Community 4 vitality 0.123 0.064 93 

Community 5 vitality 0.143 0.076 62 

Total vitality 0.215 0.123 537 

 

Figure 9. Community detection of 500-meter walkable network. 

7.2.Community detection under global scale 

From the results of correlation analysis (Table 6), we can see the coupling relationship between 
the vitality and spatial form of different communities. 

The correlation coeffiecient of vitality and spatial index is the highest in community 1, with the 
number of 0.864, which indicates that in the central business area (Pearl River New Town) the 
bearing capacity of building space is highly positively correlated with social vitality. Floor area 
ratio and building ratio both influence the social and economic activities. It is found that in this 
community, the blocks are well divided and the unit area is relatively small. Z-score was 
negatively correlated with spatial morphology and vitality index. 

Although there is a positive correlation (all of them passed the significance test at the 0.01 level) 
between all vitality indicators and spatial morphological indicators, the correlation coefficient 
decreases gradually from 0.559 to 0.375 in the second to fourth communities with the increase 
of the radius from the first community.  



24th Inter-University Symposium on Asian Megacities 

 

50 

 
Figure 10. Community detection result of global scale. 

The Z-score value, which represents the size of the block, has no significant correlation with 
the vitality index in the third to fifth communities, which shows that the size of blocks is has 
little to do with the urban vitality pattern in these areas. 

8. SPATIAL-VITALITY COUPLING MODE BASED ON GLOBAL NETWORK 

This study described the vitality pattern of Tianhe new town of Guangzhou from two aspects 
of human activities and spatial morphologies. Vitality pattern is described using POI density 
and housing price and spatial index is mainly consists of floor area ratio, building density 
z-score and functional mix. 

From the global scale, communities are discovered according to the global block interaction. 
Under different relationship patterns, the interpretation of the urban vitality coupling mode is 
also different and the scale is an important issue to be considered in the design and planning of 
new urban districts. In the core area with higher vitality, the spatial form represented by floor 
area ratio will have a greater impact on urban vitality while in the periphery area with lower 
vitality, the influence of spatial form, decrease gradually. Factors of functional mix of POI may 
even be negatively correlated with urban vitality. 

From the scale of neighborhood community, a 500-meter walking network is established and 
further divide the Tianhe New District into 5 different communities. The five communities are 
centered on the Pearl River New Town in the southwest and distributed annularly in the 
Northeast direction. Results of correlation analysis of each community show that the vitality 
and spatial morphological index is highly correlated in the central area (community 1), and 
correlation coefficients tend to decrease with the increase of radius.  
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Table 6. Correlation Result of vitality, spatial morphology and z-score. 

Community 1 

 spatial z-score 

Spearman’s rho vitality Correlation Coefficient 0.684** −0.360** 

Sig. (2-tailed) 0.000 0.009 

**. Correlation is significant at the 0.01 level (2-tailed). 

Community 2 

 place z-score 

Spearman’s rho vitality Correlation Coefficient 0.559** −0.185* 

Sig. (2-tailed) 0.000 0.027 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

Community 3 

 place z-score 

Spearman’s rho vitality Correlation Coefficient 0.402** −0.109 

Sig. (2-tailed) 0.000 0.136 

**. Correlation is significant at the 0.01 level (2-tailed). 

Community 4 

 place z-score 

Spearman’s rho vitality Correlation Coefficient 0.311** 0.168 

Sig. (2-tailed) 0.002 0.108 

**. Correlation is significant at the 0.01 level (2-tailed). 

Community 5 

 place z-score 

Spearman’s rho vitality Correlation Coefficient 0.375** −0.198 

Sig. (2-tailed) 0.003 0.122 

Sig. (2-tailed) 0.357 . 

**. Correlation is significant at the 0.01 level (2-tailed). 

In other words, different community possesses different vitality coupling pattern, the design 
and planning of new urban area should take these different coupling modes into consideration. 
However, other factors such as land use and pedestrian volume are not further studied in this 
research, which is also one of the shortcomings of this study. 
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ABSTRACT 

Identifying urban vitality in large cities is vital for optimizing the urban fabric. While great attention has been paid 
to find the vibrant areas in cities, related studies have been rarely focused on the diversity of vitality in large-scale 
cities. In this paper, we defined urban niches as the integration of an urban environment and different type of lively 
social activities. Taking Guangzhou as a case, we first conducted a cluster measurement to identify varied vibrant 
niches and their spatial pattern. Secondly, through community detection, we can demonstrate the relationship 
between different niches and assess the ultimate urban vitality. The framework of urban niches can be extended in 
other cities to analysis vitality with the consideration of diversified spatial interactions. 

Keywords: urban vitality, urban network, spatio-vitality coupling mode, urban renewal area 
 

INTRODUCTION 

Urban vitality is not a brand-new concept and has been discussed a lot in the field of urban 
planning. Back in the 1961, the gradual decline of many city centers in the U.S. began to puzzle 
urban planners. One of the researchers, the urban sociologist Jane Jacobs began a detailed 
investigation of the reasons and published her book in The Death and Life of Great American 
Cities (Jacobs 1961), an influential book that proposed four primary and two conditions that are 
critical for vibrant city life: land use mix, block size, building age, density, accessibility and 
border vacuums. (Smith et al.1997) Jacobs argued that vitality is more concentrated in spaces 
with mixed uses, together with short, walkable blocks, large concentrations of people and a mix 
of new and old buildings. (John 1998) 

Extensive research studies have investigated the measurement of urban vitality and what are 
the essential characteristics that are urgent to be explored. So far, while most scholars have been 
explored the region is vibrant or not from a static perspective. Additionally, some researchers 
suggested that objective built environment is important for urban vitality. Sung investigate the 
association of a diverse physical environment with street walking activity in Seoul city. 
(Sung,2013) Lopes proposed that in all urban areas, public sites and green spaces in particular 
which are available can bring benefits to urban vitality. (Lopes & Camanho,2013). little 
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attention is committed to systematically and scientifically assess the urban vitality and view it 
from different spatial scale.  

Since city is a complex integration of all kinds of urban fabric, the features of vitality and are 
quite different in types of built environment. Assessing the urban vitality, the same buildings 
in streets with rich histories in old urban area are bustling while recently-completed streets in 
some new areas, remain relatively empty. To address such gaps, this study uses downtown area 
of Guangzhou as a case study to shed insight on the features of urban vitality and recognize the 
vitality pattern from global and local perspective. 

The coexistence of aged and modern buildings and intensive roads is representative of unique 
culture of the downtown district. Therefore, this study aims to achieve the following objectives: 

1. Apply space form (e. g., floor area ratio, building density, block size), network centrality 
(e. g., degree, betweenness, closeness) to comprehensively analyze urban vitality. 

2. Propose a framework to quantify the social-economic vitality under different spatial 
dimensions. 

3. Provide significant insight for street vitality and studies regarding urban planning and 
sustainable development. 

1. METHODS 

1.1.Study pilot 

We choose the downtown area as the case study area (Fig.1), it contains two districts, Liwan 
and Yuexiu. As the oldest central city in Guangzhou, Yuexiu District not only has a long history 
and culture, but also has developed into the administrative, commercial, financial and cultural 
center of Guangzhou in the new century. The coexistence of aged and modern buildings and 
intensive roads is representative of unique culture of the downtown district. 

First of all, we choose the spatial scales of block as the basic observation units for study area. 
Block is the group of buildings surrounded by streets. And the scale is appropriate, at which the 
physical features of small community and the aggregated urban fabric can be identified. After 
digitizing and topology check, we get the road and block dataset. The second part of data is 
POIs and house price.in details, the POIs are collected via Baidu API with spatial location and 
categorical attribute. The coordinate system of the spatial location has been converted from 
Baidu coordinate system to WGS84 coordinate system.at the same time, we collect the house 
price of interest point via two websites: Anjuke and Lianjia. 

Figure 2 shows the flow chart for the methodology applied in this study.in the first step, this 
study defines the factors that influence space and vitality respectively. Upon the completion of 
measurements and data collection, we conducted two different ways to explore the relationship 
between the space morphology and social-economic vitality, one is using gravity model to build 
block network in the whole area, the second method is to consider pedestrian and create 
walkable network. Finally, we can detect the vibrant communities and compare their 
performance under different space dimensions. 
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Figure 1. Location of downtown area. 

 

Figure 2. Flow chart for the methodology applied in this study. 

1.2.Measure of vitality 

We view the vitality from two dimensions: functional and economical. Functional dimension 
can be reflected by the density of POIs, which can be used to reflect different sectoral 
developments. House price, on the other hand, is directly linked to the vitality of the city and 
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the consumption ability of young people.so it can indicate the economic dimension of urban 
vitality. (Yue 2017) 

We obtain 18 types of POI in the sectors of hotels, food, public service, administration service, 
infrastructure, education and training and so on. Mapping the POIs in the study area than 
calculate the density of each block as the value of functional vitality (Fi). (Jin 2017) 

Using the unit price of sample residential points, we can adopt kring interpolation method to 
simulate the whole pattern in the region. Extracting the price of each block to represent the 
economic vitality (Ei). Adding them together we can get the ultimate value of vitality. 

 
i i iV F E   (1) 

1.3.Measure of spatial form 

The spatial form includes three indies: floor area ratio (FAR), building density and z-score. 
Those measure the plan efficiency of a building and reflect the urban development in every city. 

Both building density (BD) and floor area ratio (FAR) are used to estimate the building density 
of a city from two aspects, the buildings stretching on the surface and growing along the third 
dimension. A BD is the ratio of the total standing area of all buildings to the total area of the 
interest area, while a FAR is the ratio of the gross floor area of all buildings to the total area of 
the interest area. 

The standard score (z score) of the area of the plaque (block) to reflect the discrete degree of 
functional land size. Zi means the value of block i. Ai means the shape area of block i. M is the 
average value of the whole area, D means the standard deviation of blocks. 
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1.4.Urban network construction 

In the whole region, we chose gravity model to build the block matrix. (Chao-lin 2008) The 
gravity model posits that attractions between blocks positively depended on their land use 
development density and decreases in the geographical distance and other barriers separating 
them. So we can get the gravity equation: 

 
 2

i j
ij

ij

rFF
X

d
  (3) 

r: land relation coefficient, the interaction between block i and block j, 

Fn: development density, floor area ratio of block n, 

dij: distance cost, the distance between block i and block j. 

Import data into ucinet, we run centrality measurement tool to get a set of indices: degree 
centrality, closeness centrality and betweenness centrality. Degree is the most common index 
and can be understood as “connection center degree.” 
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Table 1. Correlation between centrality and evaluation indicators. 

 R C I F G R+C 

R 0.5 1.2 0.1 1.2 1 1.2 

C 1.2 1 0.1 1.2 1 1.2 

I 0.1 0.1 0.1 0.1 0.1 0.1 

F 1.2 1.2 0.1 0.5 1 1.2 

G 1 1 0.1 0.1 1 1.2 

R+C 1.2 1.2 0.1 1.2 1.2 1.2 

  ADi ijj
C d i X   (4) 

Closeness centrality calculates the sum of the distances from one point to all other points. The 
smaller the sum, the shorter the path from this point to all other points, which means that the 
point is closer to all other points. 

 1
APi ijj

C d   (5) 

Betweenness centrality calculates the number of shortest paths through a point. The greater the 
number of shortest paths passing through a point, the higher its mediation center. 
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1.5.Community detection 

The interaction between blocks has “combined effect,” which means the human-environment 
interaction always happened in a defined district rather than the whole region. According the 
dissimilarity of blocks we can divide them into several groups. In the study of complex network, 
it has the community structure if the blocks can be easily grouped into sets of blocks such that 
each set of nodes is densely connected internally. It can illustrate the intra-urban structure in 
each group and difference among communities. 

In each community, we extract the local roads and calculate the centralization of the streets 
network. The index (global integration) shows how each street is connected to all others in a 
whole city in terms of the maximum possible direction changes. The higher the degree of 
integration, the higher the reachability. It also implies the block is much easier to access. Other 
index is R², which is the correlation between “global integration” and “integration [HH]R3” 
(how each street is connected to its vicinity in terms of 3 times direction changes. ). This 
measures the degree of synergy between them. 

1.6.Spatio-vitality coupling 

After we detect each community and analyses the correlation between the urban vitality and 
space features, there’s quite obviously a lot of synergy between the communities. Therefore, 
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we can understand better the relationship between the space feature and urban vitality in the 
downtown area of Guangzhou. 

So, in the coupling mode, we can obviously see the distinct difference of communities from 
vitality pattern spatially. 

2. FEATURE ANALYSIS ON URBAN VITALITY AND URBAN FORM 

2.1.Feature of urban vitality 

There are multiple levels of centers in a city, the red blocks in figure 3 means the dominant 
centers, including all the “highest,” or most intense, or most specialized activities, while the 
yellow and cold color blocks which serve only portions of the community contain less 
important, less intense, or less specialized activities. Figure 4 illustrates that the whole price is 
decreasing from east to south. 

2.2.Feature of urban form 

The floor ratio area and building density are two types of spatial form. Obviously, From the 
downtown to the urban fringe, the greening coverage is increased along with the decrease of 
the floor area ratio and building density. The FAR index also influenced by the size of block. 

In this section we apply correlation analysis to get the relationship between vitality, space and 
network factors. according to correlation comparison we can assess the impact of single factor 
on block vitality to provide suggestions for the sustainable development of urban planning. 

Among all the factors-score has the negative relationship with urban vitality.it proves that 
a reduction in the size of block may improve block vitality. When comparing the space features, 
FAR (floor area ratio) shows a higher correlation than building density, which is significantly 
related to the urban vitality. And the value of degree centrality is also relatively high, Implying 
the more important the block in the network, the bigger possibility of the block is vibrant. 

3. SPATIO-VITALITY COUPLING MODE BASED ON GLOBAL NETWORK 

Through gravity model, we can build the urban network construction, putting the matrix into 
the software Pajek, then using the method of “K-neighbors” algorithm, we can get the pattern 
of community detection. The result is shown in figure 7. Spatio-vitality coupling mode in 
communities is shown in table 4. 

4. LOCAL NETWORK 

Walkability is very essential for a city as it contributes to urban vitality and most meaningful 
as an indicator of that vitality. There are various levels of urban network structure, each store, 
each building, each piece of land might mean the node of some resident activities, and these 
nodes are connected to each other through the walking path, bike lane, blocks and motor lane. 
So, we regard blocks as the study object and “within a 800-meter walking distance” as the 
criteria for connecting the blocks, establishing local network, detecting the community and 
exploring the urban liveliness of different regions. 
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Figure 3. The result of POIs density. 

 
Figure 4. The result of kring interpolation. 

Using the method of “K-neighbors” algorithm, we can get the pattern of community detection.in 
detail, except some small blocks is random, the whole district is divided into 9 groups.  

The sizes of groups are relatively smaller than which in the global network. Such as the 
community 4 in the original global map, we can according their distance and similarity, further 
divide the massive community into two parts: the core group 8 and the peripheral group 9. 

According to the space and networks features, we calculate the person correlation index 
between vitality and other factors. Roughly observing the chart below, the group 7 and group 6 
have the largest values of all other index, community 7 and community 8 follewd.to be more 
specific, there are some common and difference in the performance of communities 6 and 7. on 
the one hand, the Street form, including floor area ratio, building density shows the same high 
correlation with the vitality.  
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Figure 5. The result of floor ratio area. 

 
.Figure 6. The result of building density. 

On the other hand, the degree centrality of community 6 is the highest while the betweenness 
of community 7 is the largest.it means community 6 have great connectivity and reactions with 
others. Compared with it, community 7 is more convenient for pedestrians to walk, and have 
safe and inviting streets that serve people with different ranges of mobility. 

The values of correlation are obviously least in community 4 and 1. These performances are 
consistent of the result of global network, especially community 1 is less vibrant in the whole 
place. 

5. CONCLUSION AND DISCUSSION 

The study builds the vitality pyramid structure in the downtown district. The vitality can be 
described from two dimension: functional and economical. Considering the space features and 
spatial pattern of the blocks network, we can build the ultimate dynamic vitality ecosystems. 
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Figure 7. The result of z-score. 

Table 2. Correlation between centrality and evaluation indicators. 

 FAR BD z-score Degree Closeness betweenness 

Pearson correlation 0.521 0.312 −1.92 0.512 0.414 0.398 

Sig.(2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 

Table 3. Correlation between centrality and evaluation indicators. 
 

community3 community4 community1 community2 

average 0.154251146 0.098526796 0.09955562 0.06180599 

STDEV 0.151340186 0.092137534 0.11255439 0.0633138 

Table 4. Correlation between centrality and evaluation indicators. 

 
 

FAR BD z-score degree closeness betweenness 

Community 1 vitality 0.391 0.335 −0.121 0.11 0.088 −0.08 

 sig 0 0 0.023 0.038 0.099 0.135 

Community 2 Vitality  0.721 0.532 −0.248 0.564 −0.254 0.079 

 sig 0 0 0.002 0 0.001 0.325 

Community 3 Vitality  0.713 0.127 −0.175 0.092 0.208 0.175 

 sig 0 0.001 0 0.018 0 0.005 

Community 4 Vitality  0.574 0.432 −0.23 0.146 −0.187 −0.65 

  0 0 0 0.019 0.003 0.302 
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Figure 7. The result of community detection. 

 
Figure 8. Community detection of local network. 

1 2 

3 4 
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Figure 9. Correlation between vitality and other factors. 

The second part focus on communities and try to find the characteristic of clustered blocks in 
a small-scale region. Choosing the 500 meters as principles to build block network, most 
walkable and vibrant area can be identified and assessed. 

The result proves that large disparity is observed in pois density, road, and building density in 
intra-urban areas. Communities have different focuses on urban infrastructure and facility, 
which lead to devised vitality. Such as community 1 shows two core areas with high vitality in 
Zhongshan Eight Road and Zhongshan Eight Road Commercial Circle. Community 2 contains 
large number of trees. Which influenced the mobility in this region, at the meanwhile, few types 
of land use also decrease the value of vitality. Since Beijing road is the traditional business 
central with dense population, community 3 shows the great vitality throughout the area.as for 
community 4, the urban blocks with high-vitality values are residential clusters. 

As the whole urban Plan in Guangzhou, it is written to protect the commercial features and 
architectural styles of traditional commercial buildings such as Beijing Road and Xiguan 
District as far as possible to maintain the original features and styles.it fits well with the result 
of blocks network.so urban vitality in downtown district seems to be closely related to urban 
planning. Although Tianhe district experiences rapid urbanization, the old region retains multi-
era buildings, traditional ancient buildings, communities, parks through a historic area reserving 
regulation, which helps to form an attractive urban environment to heighten old urban area’s 
urban vitality. 
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ABSTRACT 

Current study on urban vitality mostly focused on recognizing the relationships between features of urban fabric 
and human activities. However, big city is a complex system, the vitality of urban fabrics is not simply an externer 
characteristics, especially in the peri-urban areas. The vitality of different urban fabric is highly related with the 
roles it plays in the inter-activities. In this paper, take Hai Zhu as a case, we identify the relationships between 
urban vitality and urban form which illustrated by the relationship within two different scale urban network. 
Different assembling patterns of the block species with corresponding spatial features can be regarded as niches 
in the urban vitality ecosystem., combined with Reach index of each block calculated by the 800m walking distance 
road network, the interactive mode of urban fabrics inside the communities and the heterogeneity between 
communities can be found. 

Keywords: urban vitality, urban network, peri-urban area, spatial-vitality coupling mode 
 

INTRODUCTION 

Defining the relationship between spatial form and urban vitality has post a great interest to 
urban researchers in the past. The urban vitality is not existing entity, it is hard to explain the 
vitality of the city in a simple word. In the past researches, we can identify that varies method 
are applied when it comes to the evaluation of the importance of a place. Accessibility is widely 
used in the urban transportation fields [1], also the residential vitality is examined to be highly 
related with the walking accessibility [2],the accessibility reviews the spatial characteristic of 
the entity in the urban region, the level that a place can be access can be a criterion of the 
geographical peculiarity, which is highly related to the problem of location. On the other hand, 
the vitality is not only related with the location issues, the interactions between small 
ingredients contributes, too. The neighborhood vibrancy can be well explained by the POI-
based properties where regions with higher mixed use of POI are more populated [3]. As 
a result, the vitality can’t be expressed in simple words, both spatial form of the places which 
is the external properties and interaction mode which is the intrinsic properties explained parts 
of the complicated system. 

As mention above, single measurement is hard to explain the urban system, which pose 
a question of what kind of the system it truly is. The understanding the dynamic mode between 

 
© Wong Janice C., Xia Anke, 2019 



24th Inter-University Symposium on Asian Megacities 

 

66 

the biophysical component of city and people ignites a new spark that treating the city as an 
ecosystem is applicable [5]. The urban area provides the habitat for human, human activities 
inside the system comprised an organic communication. These interactions are highly similar 
with different streams in the real ecosystem such as the energy stream and the carbon stream, 
so the communications can be seen as links between small organic components, as all of the 
individual co-survive together, the intact network reflected at the same time. 

Previous studies mostly pay attentions to the external properties of the “individuals,” the 
relationship between the spatial form and the urban vitality are identified through various of 
method. Past research has already explored the relationship between the building morphology 
and the city vitality [6] .We suppose that the vitality is not only related with the spatial form or 
commercial activities represented by POI, also the location and the environment it fits inside 
the urban ecosystem should also be highly appreciated. The purpose of this article is to examine 
such assumption. Since the city is regarded as the ecosystem, two scale of network are built to 
further identify the interactions among individual components.  

The application of social network analysis provides a deeper insight of interactions. To achieve 
this, pieces of block is considered as individuals inside the network. Two separate networks 
constructed in this article, global and neighborhood network. The Network analysis enable us 
to group the individuals as “clusters,” this is the object that we analog as “niches” in the 
ecosystem, Within the niches, different kinds of species co-exist, this “species” are the different 
kinds of individuals that share the same morphology properties. The consistency and the 
variance of the measurement between two different scale blocks will help to find the results. 

1. METHODS 

1.1.Research region 

The region of this research is mainly focused on a specific region-Hai Zhu District, Guangzhou, 
China. Guangzhou act as a traditional economic and cultural center of China, since China carry 
out the “open gate” policy in the last century, Guangzhou has experienced a highspeed 
development, which enables Guangzhou to be the typical example of modern city in China. It 
contains 8 districts, in this research, we picked Hai Zhu (Fig.1) district as the example. Hai Zhu 
locates at the central of the Guang Zhou city, the total acreage of which reaches 90 and the 
population is about 1.61 million. Hai Zhu is a comparatively solitary island which is surrounded 
by water so it can be seen as a small system inside the whole city region. To achieve the purpose 
of illustrating the relationships between the spatial pattern and the city development degree 
sufficiently, the mixed functional type of Hai Zhu proper suit the situation. 

1.2.Measure of spatial form 

In order to identify the spatial pattern of the city, multiple sources of data are combined for 
analyzing process in this research. The urban system can be seen as a sophisticated ecosystem 
where varies of species exist inside, in the nature ecosystem, these species are different classes 
of animals while in the urban ecosystem which can be explained as different kinds of tracts of 
lands with different function or using type. The whole urban area can be divided into small 
pieces as illustrated above as tracts of lands. According to the variance of the using type of in 
the adjacent scale, we separate the continuous lands to small pieces which is called the “block.”  
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Figure 1. Guangzhou, China. 

Blocking the cities is widely used in the urban vitality researches. Yu Ye posed the point that 
the urban vitality is influenced by the block density of the city and the construction level which 
is represented by the “typology” [6]. The reactions between the citizens and the urban form can 
be affected by the density of the city which is represented by the impervious surfaces in the 
urban fabric scale [7]. Former researches reviewed the method and provides thoughts as 
theoretical foundation that fabricating the vast city area into pieces of tracts is a useful tool to 
look inside the city mechanism. The “Blocking” method is also applied in this research which 
act as the foundation for the following procedure. 

To evaluate the spatial form, the vector graph (Fig.2) of the whole impervious surfaces are 
obtained (Guangzhou Planning Bureau). The original data contains detail information about 
each building including the floors of the buildings, gross floor area (Fx) of the buildings, the 
gross building footprint of the buildings (Bx). 

For each individual block, we employ Spacematrix method [8] to identify the morphology 
property. The density of the building we use Ground Space Index (GSI), as for topology, we 
use Floor Space Index (FSI)[6]. The FSIx equals to gross floor area (Fx) above the acreage of 
the blocks (Ax) which means the height level of the buildings (Eq.1), also, it can be explained 
as the strength of investment which is a part of economical evaluation. The GSIx can be 
calculated by using the gross building footprint (Bx) divided the acreage of the blocks (Ax) which 
represent the density of the impervious faces within the blocks (Eq.2). 

 x
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Figure 2. Urban building. 

where: 

Fx: gross floor area, 

Bx: gross building footprint, 

Ax: the area of the blocks. 

1.3.Measure of vitality (V) 

The strength of human activity can be represented by the social activities, so it can be explained 
by the POI properties since the POIs are representative when it comes to the commercial 
activities. The Point of Interests in our research are selected by several types. From the 
economical perspective, the method to measure the urban vitality is the application of POI 
which reviews the strength of commercial activities of the city. As it is introduced in the former 
sections, we can divide city into blocks, within the block, we can calculate the density of the 
POI, the total number of the POI (NOP), the quantity of categorical type of the POI and the 
mixture level of the POI. Compared with those blocks with smaller number of POI, a higher 
total volume of the POI is the simplest way to represent the commercial level. However, with 
only the total number of POI may leads to a discrepancy, because when the acreage of the block 
grows larger, the total number of POI within this block grows simultaneously since the acreage 
of the blocks are not all the same due to the blocking method and the properties of the urban 
land use rules, so the density of the POI (DOP) and the categorical type of the POI (COP) are 
also necessary to be considered to eliminate the discrepancy. The DOP is calculated by using 
the NOP dividing the acreage of the block, the categorical type of POI means the categorical 
number of POI within a block. Similar as the COP, the larger the MIX of POI, higher level 
mixed use of the block. The mixture level of POI is calculated based on the Shannon Entropy 
theory (Eq. 3) [9]. 
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Since there are a few sets of indices are calculated in measuring the business development level, 
it causes a huge redundancy while in the following analysis. Among the indices related to the 
POI, it is obvious that within the blocks, the density of the POI (DOP) appears to be larger 
while the number of POI (NOP) rising, same as the categorical number of POI (COP). 
According to the statistical analysis, the relationships between DOP, NOP and COP are detected 
with Pearson correlation analysis based on SPSS. The result of correlation analysis indicates 
that the linear correlation coefficient between NOP and COP are 0.779, while 0.410 between 
NOP and DOP, 0.459 between DOP and COP. The KMO and Bartlett’s test coefficient equals 
to 0.622 which is larger than 0.6, so the data sample is suitable for PCA analysis. A high linear 
relationship between POI measurement indicates that all these indices reviews the similar 
property of the blocks. Principle Component Analysis (PCA) based on SPSS is applied to 
reduce the dimension of the original which enable to reduce the data redundancy. While during 
the process of PCA, the variance with the data sample may loss since it projected the original 
data from one coordinate to another according to the maximizing the distances between the 
projected points and the origin. The final results indicate while only index is chosen the variance 
of the data sample can be explained 70%. And base on PCA, we obtain the score coefficient of 
each original component. So we can calculate get a new index based on the scores of the NOP, 
COP and DOP, the new quantitative measure calculated here is the description of strength of 
the commercial activities inside the block which is used to reflect the vitality of each block in 
this research (Fig.3). 

1.4.Functional based gravity model network 

The global block network is built based on gravity model and Graph theory [10]. Each of the 
block in the network are represented as single nodes, the edges between the nodes are the 
attractiveness between the pairs of the nodes. The attractiveness between node i and node j is 
defined through gravity model. The edges between the nodes is influenced by the vitality of the 
blocks and Gross Floor Area (F). Different using type of the lands also influence the 
attractiveness between the blocks, so attractive coefficient (Wij) based on different using type 
is assigned as weight in the calculation (Tab. 1) Nodes with higher level of vitality and F tends 
to be more attractive compared with those with low level, and the shortest distance between the 
pairs of the nodes, the attractiveness tends to be stronger. The Edges (Lij) (Eq.4) between the 
nodes can be calculated as: 

 2

i i j j

ij ij
ij

V F V F
L W

d

  
   (4) 

where: 

dij: the Euclidian distance between the centroids of the block, 

Wij: the weighting coefficients between blocks. 

Since the network of blocks has been built, the properties of network can be applied to illustrate 
the roles, importance of the nodes inside the network.  
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Figure 3. Urban vitality reflected by POIs. 

Table 1. Weight coefficient of gravity model. 

Using Type Weighting Coefficient 

R-R 0.5 

R-Other 1.2 

B-B 1 

B-Other 1.5 

A-A 0.5 

A-Other 1.5 

U-All 0.1 

G-All 1 

I-All 0.5 

In this research, the degree centrality (Eq.5) are applied to represent the importance of the 
blocks. The weighted degree centrality calculated the total sum of the linkages that linked to 
the given node. Degree centrality [11] of each block demonstrate the importance of the block 
in the network while higher degree means the attractiveness of the block is relatively higher. 
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1.5.Community detection and local network 

Base on the block network build by gravity model theory, we can detect the communities inside 
the network with Gephi modularity function, a community means small groups that with the 
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community, the interactions between blocks are stronger than the interactions from different 
community. 

While detecting the communities of the network, blocks with tiny linkage to others may leads 
to a huge discrepancy. For those blocks where there is none built areas or POI, the degree 
centrality calculates through gravity model equal to 0, so a minimum degree value of 3 are set 
as the threshold in order to eliminate the discrepancy. The whole research region can be divided 
into 8 communities. As for those nodes with a tiny Degree centrality, a unique community is 
set as the community 9. If the nodes with tiny Degree centrality is mixed into other 
communities, then it will be assigned to the community where it locates (Fig. 4). 

In order to measure the degree of fragmentation of blocks in the local community , we use UNA 
tool (ArcGIS) to calculate the reach index of each block, in a local walking distance scale, the 
attractiveness of the block is considered high related to the business mixture level where a 
higher business mixture level is more attractive to the pedestrian since various services are 
available. The reach measure [12] (Eq.6) captures the number of surrounding blocks that can 
be reached within a given search radius on the road network. 

  
 , ,

j
j G i j r

reach i MIX
 

   (5) 

The Reach of a given block is comparatively high which means more other blocks are 
connected, so the given block is close with its neighborhoods. The Reach measure is quite 
similar to the closeness centrality in the network researches, so in the local walking distance 
scale, a more compacted structure of the urban area is more friendly to the pedestrians. 

2. RESULT 

The global network governed by gravity model is the interactive network which is based on the 
hypothesis that a higher investment and stronger commercial activities in a block tends to be 
more attractive to public. The urban vitality is an expression of social activities of human daily 
life. As a result, the vitality of a block with higher degree centrality will be stronger compared 
with lower ones. The result shows a high linear correlation between vitality and degree 
measurement (Fig. 5), and the correlation coefficient reached 0.591. 

As it is mentioned above, the whole research region can be divided into 9 communities where 
the strength of interactions among blocks are stronger inside the community rather than to the 
other communities. Varies communities with a different combination pattern of species can act 
as different roles in urban region. The vitality of such groups of blocks also varied since they 
play different roles, this is highly related with the constitution pattern and spatial characteristic. 
The Reach of a given block is comparatively high which means more other blocks are 
connected, so the given block is close with its neighborhoods. The Reach measure is quite 
similar to the closeness centrality in the network researches, so in the local walking distance 
scale, a more compacted structure of the urban area is more friendly to the pedestrians. We 
calculated the reach measure of each block (Fig. 6) and total mean value of the communities 
and compared with the vitality of community which is the mean of all the vitality measure of 
the blocks inside the community to identify the coupling mode between reach degree and 
vitality (Fig. 7).  
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Figure 4. Communities. 

 

Figure 5. Correlation between degree and vitality. 

The change tendency of vitality and reach measure of communities is quite similar except the 
community 3, the reason of this special phenomenon is that this region is a new developed 
region where there are a lot of new developed high quality residents, also many construction 
sites coexist, this will lead to a discrepancy that the investment of this region is high but it is 
uneven distributed. Another expression is that the fragments (Blocks) of newly developed area 
is comparative larger then traditional city areas. 

Different combinations of species within the communities also accounts for the vitality 
discrepancy. The word “Species” in the GIS related research can be confused. In this research, 
“Species” represents a set of blocks shares the similar characteristics. In the natural ecosystem, 
most of the creatures are gregarious animals no matter bacteria or high intelligent mammals, 
also the same “species” commonly share the same preferred living environment in the 
ecosystem. 



Chinese University of Hong Kong, Harbin Institute of Technology 

 

73 

 

Figure 6. Community reach measurement. 

These individuals are available to be clustered into small groups while the individuals in the 
same groups shares the similar spatial characters. We apply the k-mean clustering method based 
on SPSS is applied to detect the “species” among the blocks according to FSI and GSI. We 
classify all the blocks into 6 categories (Tab. 2) and each of them represents to a unique species 
(Fig. 8). Figure 9 shows the combinations of species in different communities, a larger square 
means a larger percentage of this species in the community and it is also illustrated by different 
color. 

3. CONCLUSION AND DISCUSSION 

The degree centrality in the global network and the reach measurement at neighborhood scale 
define the vitality of same species through different angle. Whether the vitality property of 
a specific species varies from each other? If they are different, then it is not suitable to evaluate 
the urban vitality just through the spatial form or POI properties. Through this research, we can 
identify he fact is that even the same species, if the individuals belongs to the same species 
locates at different place, then it will show a totally different vitality feature. 
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Figure 7. Coupling mode between vitality and reach degree. 

 

Figure 8. Samples of species. 

Table 2. Block Species according based on different spatial form property. 

Species Spatial Property Percentage Content 

1 High-rise Point 3% Office Building 

2 High-rise Strip 22% High Residential 

3 Mid-rise Block 13% Schools, Exhibitions 

4 Low-rise Block 37% Urban Villages 

5 Low-rise Point 12% Industries 

6 Low-rise Block 13% Green Space 
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Figure 9. Species combination pattern in communities. 

The result of this research also illustrate that the vitality measure in the urban city region are 
complicated, it should not be simply reflected by just the external properties of the spatial form 
or commercial activities, the spatial location is also important to influence the vitality. For the 
urban planners, how to plan and build the city in a scientific method is really important. The 
method of two different scale of network apllied in this article provide a new angle to treat the 
urban problems, and during the planning process, it can be applied to verifird the correctness 
of construction schemes. Also, the limitaion of this method is it is still very hard to find 
a pattern, or in other word, it is still hard to identify the relationsips between the spatial location 
and urban vitality. 
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ABSTRACT 

Urban vitality refers to the degree of social activity in urban space. It reflects the ability and urban potential 
development to a certain extent. This paper focuses on the researches and discussion on the impact of subway 
construction on urban vitality. First, we calculated the centrality (closeness and betweenness) according to the 
subway station and subway line in downtown Guangzhou. The second step is to create a buffer centered on each 
site. Then based on four evaluation indicators (POI, house price data, building area ratio, cross point density), we 
have finished cluster analysis. Finally, SPSS is used to analyze the correlation between each cluster and the 
centrality of the subway. Based on the conclusion we can provide advice for future urban planning and subway 
construction. 

Keywords: urban vitality, centrality, subway, cluster 
 

INTRODUCTION 

Since the 1960s, with the emphasis on modernist urban planning dominated by functional 
divisions, urban space has received increasing attention. Jane Jacobs (1961) discovered that the 
city is alive in the process of interweaving human activities and living places [1]. Alexander 
(1977) argues that event patterns and spatial patterns closely link cultural activities with public 
spaces, and thus form the basis of urban vitality [2]. Katz (1994) thought pedestrian scale, 
functional mix, and appropriate building density to be important factors influencing vitality [3]. 
Gehl (2011) pointed out that based on the empirical research of public space, it is pointed out 
that functional mixing, slow traffic, open rather than closed space are all factors influencing 
vitality, and emphasize the important role of public living space in improving urban vitality [4]. 
The current research is mainly divided into pure vitality research and pure spatial factor 
research. Huang Shuqing et al (2017) used the intensity of high-quality activities to characterize 
the street vitality level, and used field research and statistical analysis to quantitatively evaluate 
the street vitality of Shanghai Anshan Community. It was concluded that functional density, 
active traffic density and shading rate were affected communities. The main factor of street 
vitality level [5]. Long Hao (2016) discussed the influencing factors of urban city-wide street 
vitality from a quantitative perspective by constructing a street vitality impact framework and 
using mobile phone signaling data and POI data related to urban vitality. [6] 
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The main work of this paper is based on subway construction, through the vitality index and 
the spatial impact factors to discuss its impact on the city’s vitality, and how to build the subway 
can better drive the city’s vitality. 

1. METHODS 

1.1.Research area background 

Guangzhou is the political, economic, cultural, scientific, technological, information and 
transportation center of Guangdong Province. It is the gateway to China’s southern foreign 
economic activities and an important trading port. It is known as the “South Gate” of China. It 
has its unique advantages in all aspects such as geographical location, economic development 
level and urban construction. This paper mainly chooses downtown Guangzhou as a vitality 
research area, mainly including Yuexiu District, Tianhe District and Haizhu District, which are 
not only the core of Guangzhou, the fastest growing place, but also the oldest site in Guangzhou. 
Based on the central district, the city can develop radioactively to the surrounding area. So, 
selecting this area as a research object is conducive to the accuracy and representativeness of 
the research results. 

1.2.Definition of subway station catchments area 

In this paper, buffer was built based on the subway station to study the impact of the subway 
station on the urban vitality of the surrounding area. Generally speaking, people are willing to 
walk for no more than 10 minutes, about 800 meters. However, due to the dense distribution of 
subway stations in the central area, if the radius is set to 800 meters, the affected areas of each 
subway station will overlap in a large area. So, here we chosen 400 meters as the radius, set up 
a circular buffer. 

1.3.Measure of urban vitality 

Urban vitality refers to the ability of cities to provide citizens with humanized survival. Jiang 
Difei (2007) and the primary indicator for assessing the quality of urban spatial form, Lynch 
(1984), the extent to which a settlement form supports vital functions, ecological requirements 
and human capabilities, and most importantly Yes, how to protect the continuation of species. 
According to Lynch, the vitality of urban survival is reflected in the following aspects: 
continuity, safety, harmony, and stability of the ecosystem. Jacobs (1961) in the book “The 
Death and Birth of Big Cities in the United States” suggests that the city must meet four 
conditions: 

1. Having more than two functions to attract people out of the house. 

2. Streets are short, there are enough intersections. 

3. Having different types of buildings to meet the living needs of people at all levels. 

4. Having a dense population and buildings. 
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Figure 1. Research area. 

 
Figure 2. Catchments area. 

1.3.1. Determination of evaluation factors 

This article will measure urban vitality in two aspects. 

1. Vitality indicator: house price, POI. 

2. Space form: crossing number, Plot Ratio. 
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1.3.2. Classification of urban vitality 

Cluster analysis of all subway stations based on four evaluation indicators. 

This article uses Ward which comes from analysis of variance. This method was proposed by 
Ward in 1936, and was established in 1967 by Orloci et al. 

When the classification is correct, the sum of the squares of the dispersions of the same sample 
should be small, and the sum of the squares of the dispersions of the classes should be larger. 
The specific approach is to treat n samples as a class and then narrow down one class at a time. 
For each type of reduction, the sum of the squares of the dispersion is increased, and the two 
types of mergers that minimize the increase of S are selected until all the samples are classified 
into one class. Calculate the mean of all variables for each class, then calculate the square of 
the distance to the class mean for each sample, and then sum the distances for all samples. At 
each step, the two classes that are merged are the ones that minimize the sum of the total squares 
of the distances within the class. 

    
ta

i il t il l
i l

S x x x x


    (1) 

Suppose that samples have been divided into G1…GK, 

xil : variable indicator value vector of Gk, 

xt: the center of gravity of GK, 

at: the number of samples in Gk. 

Cluster2: Highest level of vitality, but the house price is generally 

Cluster1: medium level of vitality, mainly represented by high prices 

Cluster3: low level of vitality 

1.4.The centrality of subway stations 

According to the subway network and the subway stations, using the distance as the weight, 
listing the distance between two points adjacent to each point. The paper mainly selects the 
closeness centrality and betweenness centrality for analysis and discussion. 

1.4.1. Closeness 

The sum of the distance from one point to all other points is calculated. The smaller the sum, 
the shorter the path from this point to all other points, which means that the point is closer to 
all other points. 

1.4.2. Betweenness 

The number of shortest paths passing through a point. The greater the number of shortest paths 
passing through a point, the higher its mediation center. 
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Table 1. Cluster. 

Cluster ID POI House Price Plot Ratio Crossing Number 

1 MEDIAN HIGH MEDIAN MEDIAN 

2 HIGH MEDIAN HIGH HIGH 

3 LOW LOW LOW LOW 

 

Figure 3. Cluster. 

1.5.Correlation analysis 

This paper firstly calculates the centrality (betweenness,closeness) based on the subway station 
and subway line construction in the central city of Guangzhou, then uses the GongYuanQian 
station as the center of the old city area ,and the sports west station as the center of the new 
urban center. Next establishing a buffer centered on each site to analyze interest points (POI), 
house price data, floor area ratio, number of intersections in the buffer areas and finding cluster. 
Finally analyzing the correlation relationship between the cluster and the centrality, CBD data 
with SPSS. 

2. METHODS 

From the perspective of settlements, Cluster2 and cluster3 are mainly related to closeness, and 
Cluster1 is mainly related to betweenness. 
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Figure 4. Correlation Analysis. 

Table 2. Correlation between centrality and evaluation indicators. 

 Closeness Betweenness 

HousePrice 0 0.320 

POI 0.262 0.262 

CrossingNumber 0.296 0 

Plot Ratio  0 0 

From a single evaluation index, the POI is proportional to the two central degrees, which means 
that the higher the centrality, the larger the value of the POI. 

The HousePrice is proportional to betwenness, the higher the centrality, the larger the value of 
the Price. 



Chinese University of Hong Kong, Harbin Institute of Technology 

 

83 

 
Figure 5. Fit curve of center degree and vitality value. 

 
Figure 6. POI_centrality. 

 
Figure 7. House price_centrality. 

The reason why the floor area ratio does not appear to be related to the centrality is mainly 
because the study area is a central city and is almost completely developed. 
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2.1.Chapter Summary 

The centrality of stations is mainly related to the intersection, POI, and house price 
indicators.Overall, the higher the centrality, the greater the city’s vitality. 

In 2001, the urban development goal of Guangzhou was to evacuate the population and reduce 
the population density of the old city center to conform the population to the overall spatial 
layout of the city. The construction of subway lines has made great contributions to the 
improvement of the city’s vitality. From the results, it can be seen that by 2019, the POI, the 
plot ratio, the house price and other urban vitality evaluation indicators along the metro in the 
central city are well distributed and basically achieve the established development goals.  

However, it is worth focusing is that Building a subway does not guarantee to improve the city’s 
vitality. When the centrality of the subway station is low in the entire subway network, the 
vitality of the surrounding area is still relatively low.In other words, in the future planning, if 
government want to drive the city’s vitality in a certain area by opening the subway, they should 
increase the centrality of the subway station in the area when designing the entire subway 
network. 
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ABSTRACT 

In this study, we measured the Change in Rent of neighboring Non-Condominiums when supplying HAPPY 
HOUSE using Modified Repeat Sales Model. As a result, there was statistically no additional rent effect in nearby 
Non-Condominiums in Seoul, on the other hand, there was a statistically significant effect of lowering rent in 
Gyeonggi-do. And, in both regions, rents were more likely to fall in periods after ‘Move-In’ rather than in periods 
before ‘Move-In.’ Move-In Point is expected to have a relatively strong effect on the rent of nearby Non-
Condominiums in terms of psychology and housing supply markets. 

Keywords: Public Rental Housing, HAPPY HOUSE, Non-Condominiums, Chonsei, Monthly Rent, modified 
repeat sales model 

1. BACKGROUNDS 

Recently, Korea’s public rental housing has been supplied as various types by expanding the 
range to middle-income households. Among them, HAPPY HOUSE is a public rental housing 
that is supplied at low rents (60–80% of nearby prices) in places where public transportation is 
convenient, especially for young generations such as college students, newlyweds, and new 
recruits. In line with this new policy attempt, the stereotype that public rental housing lowers 
the prices and rents of neighboring homes needs to be verified through actual data. The purpose 
of this study is to figure out the effect of HAPPY HOUSE supply on the rent in nearby Non-
Condominiums through empirical analysis. 

2. LITERATURE REVIEW 

The neighboring price(rent) effect of Public Rental Housing vary widely by analysis areas, 
supply housing types, price types (rent or sale prices), and distance of effects. 

Firstly, related to the characteristics of the analysis area, Kim & Choi (2009) reported a decrease 
in the sale prices of neighboring apartments as the supply is larger or the distance from the 
rental housing is closer. Kim (2013) reports that the better environment of rental housing, the 
more positively it affects the sales prices of apartments. Next, there are studies that mention the 
difference in price effect by supplied housing type. Park S. W. & Park H. Y. (2014) analyzed 
that the National Rental Housing types had the effect of stabilizing the rents in the 
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neighborhood, while other Rental Housing types for Chonsei had the effect of raising the rents 
(Chonsei prices). In the panel analysis, Lee & Park (2016) reported that the ‘Rent after 
Purchase’ type had no significant effect on Chonsei prices, but the ‘Rent after Construction’ 
type had a great effect on Chonsei prices. Recently, there have been studies that measure the 
price effect by considering the proximity and period through a semi-experimental methodology. 
Ko & Lee (2017) confirmed the increase in the sales prices of neighboring apartment types by 
the supply of HAPPY HOUSE through the Difference In Difference method (DID). 
Subsequently, Jeong et al. (2018) found that the effects of nearby sales prices differed greatly 
depending on the types of Public Rental Housing through the Modified Repeat Sales Model. 
The Long-Term Rent Housing (Self-Construction type) and the National Rental Housing acted 
as a factor in the price decrease, but the effect of the Long-Term Rent Housing (Reconstruction-
Purchase type) was not significant. Price effects may also vary by distance of influence. Yang 
(2017) found that the Long-Term Rental Housing had a significant decline in Chonsei prices 
within 2 to 3 km through the DID method, but reported that it was insignificant for Chonsei 
prices within 1 to 2 km. 

As can be seen, according to various conditions, the neighboring price(rent) effect of the supply 
of Public Rental Housing can be changed. Therefore, it is highly necessary to figure out the 
effects of the new public housing policy. In addition, the analysis of ‘Non-Condominiums’ and 
‘rents’ is very rare in the previous studies, so this study can be said to be specific. 

3. DEFINITION AND CONFIGURATION 

3.1.Supplied Public Rental Housing (HAPPY HOUSE) 

Among the Public Rental Housings, the types of ‘New Construction’ and ‘Purchase & Rental’ 
are classified according to sources of money (central or local government), existence of national 
funding, and use of public land. 

Meanwhile the preceding Public Rental Housings were mainly focused on low-income 
households, ‘HAPPY HOUSE’ is a Public Rental Housing for the purpose of supporting for 
young generations, such as college students, newlyweds, and new recruits. It has a characteristic 
of being supplied near a place where workplace and school are close or convenient for public 
transportation. The individual supply area is less than 45 m², and it is provided at a low price 
of 60–80% of the surrounding prices. 

3.2.Nearby Non-Condominiums and Monthly Rent Conversion 

‘Non-Condominiums,’ which is the target of price change, was set up as Detached & Semi-
Detached house, Townhouse & Multi-Family house based on the housing types of Korea’s 
Building Law. These sub-categories are divided according to the number of floors, size of floor 
area and type of ownership. The following are pictures of Non-Condominium types. 

And next, Korea has very unique housing rent practices throughout the world, including 
‘Chonsei,’ which consists of full deposits, and ‘Monthly Rent with Security Deposit,’ which 
pays some amount of deposit and some amount of monthly rent. In the case of ‘Monthly Rent 
with Security Deposit,’ the lower the deposit, the higher the monthly rent is paid, and the higher 
the deposit, the lower the monthly rent is paid. 
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Figure 1. The position of HAPPY HOUSE among Public Rental Housings. 

This study used the Rent to Chonsei Ratio to convert ‘Monthly Rent with Security Deposit’ for 
various contract terms into ‘the Rent-Only contract.’ The Rent to Chonsei Ratio used is the 
conversion rate of Detached house and Multi-Family house from the Korea Appraisal Board. 
In the case of Seoul, the conversion rates for each of the five sub-regions were used, and in the 
case of Gyeonggi-do, the aggregated conversion rates were used. The conversion rate showed 
a moderate decline overall, higher in single-family housing than in multi-family housing, and 
higher in Gyeonggi-do than in Seoul. 

3.3.Data and configuration 

The data used to estimate the rent change effects is the Chonsei and Rent Final Reporting Data 
from 2011 to 2018. The analysis area is Seoul and Gyeonggi-do, and out of a total of 22 HAPPY 
HOUSE sites (13 in Seoul, 9 in Gyeonggi-do) that have been completed until the end of July 
2019, 12 sites (8 in Seoul, 4 in Gyeonggi-do), where there are sufficient sale pairs, were selected 
and analyzed. 

In order to measure the rent change effects of HAPPY HOUSE, the researcher must pre-
determine the effective distance to which houses are relatively close or far from HAPPY 
HOUSE, and the maximum range that shares the long-term trend in rent as a neighborhood 
area. This distance setting can be an independent research topic in itself, but considering that 
most studies in the US set the walkable distance to 1/2 mile (800 m), the range of influential 
HAPPY HOUSE was set within 800 m. In addition, the maximum range of the neighborhood 
was set at about 1,600m, which is twice that of 1mile. 

In addition to distance configurements, we also need to classify periods between events. In this 
study, ‘Housing Project Approval’ and ‘Move-In’ are the main events. First, ‘Housing Project 
Approval’ is a legal concept, but it will give some information that the construction is beginning 
to neighborhoods. Move-In is a time point for new residents to flow in and will inform nearby 
residents that the construction of HAPPY HOUSE is actually completed. In the subsequent 
empirical analysis, the analysis will be conducted as three sub-periods based on two cases of 
‘Housing Project Approval’ and ‘Move-In.’ 

4. METHODS 

4.1.Modified repeat sales model 

The Difference In Difference (DID) is a method of measuring the price effect considering both 
proximity and time point.  

Rental by Semi-Public
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 Figure 2. Photo of Non-Condominium types. Figure 3. Conversion to the Rent-Only contract. 

 
Figure 4. Location of HAPPY HOUSE and Range of Influence from the site. 

However, it is hard to collect variables to control the characteristics of housing, and there is no 
guarantee that the control variables will function properly. In order to overcome these 
limitations of the hedonic model, this study applied modified repeat sales model by Jeong et al. 
(2018). This technique has the advantage that no control variable is required, but there is also 
a limitation that a sales pair of the unique house must be secured. The following is the estimated 
equation and a concept of additional effects (θ). The growth rate of rent in the unique house, 
which is the dependent variable, is estimated by the index parts, the regional index deviation, 
and the additional effect caused by events. 

          , , , ,log logs f t t s t f t t s t f s f s f
t t

P P T T T Z T Z DE DE             
   (1) 
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Figure 5. Concept of nearby Rent Change effect. 

Since the repeat sales model uses a sale pair that can be made when more than one transaction 
is observed in the unique house, it is necessary to confirm in advance whether there are enough 
sale pairs. However, although the definition for the unique house is strictly the unit of individual 
household, the definition may be relaxed to some extent for practical purposes to secure sale 
pairs. In this study, the unique house was set up in the house group with ‘Neighborhood 
number,’ ‘Address number,’ ‘Floor group’ and ‘Area group.’ The ‘Floor group’ is classified 
into three groups: first basement level, first floor, and second to fifth floors. This is based on 
the Chonsei level of each floor group. In addition, the ‘area group’ used the lease area in groups 
of 5 m². 

Quarterly and regionally, there was more than one transaction that could be paired, so it was 
possible to apply the repeat sales method. There were less monthly rent sales than chonsei sales, 
and relatively fewer sales pairs in single-family house than in multi-family house especially in 
Gyeonggi-do. There are 8 estimate models by region and type, and each model’s index parts 
seems to be share the long-term trend in Rent. 

5. EMPIRICAL ANALYSIS 

5.1.Seoul 

The additional effects within 800m noted in this study Housing Project Approval effect (DE1) 
and Move-In effect (DE2). And the base period for comparing effects is ‘before Approval.’ As 
a result, no significant coefficient could be obtained in Seoul. Thus, compared to pre-approval, 
we cannot be sure that the supply of HAPPY HOUSE had an increase (or decrease) in nearby 
Non-Condominium rents. However, although the statistical significance was low, it shows the 
(+) direction coefficient in after Move-In are smaller rather than that of before Move-In 
consistently. There is a possibility of relative rent decline after Move-In. 

5.2.Gyeonggi-do 

In the case of Gyeonggi-do, more consistent and significant results were obtained than in Seoul. 
In particular, neighboring Detached houses and Semi-Detached houses were estimated to have 
a significant negative effect both after Approval and after Move-In.  
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Table 1. Additional Chonsei Change effecs in Seoul. 

detached & semi-detached house townhouse & multi-family house 

Variable Parameter 
Estimate 

S.E Pr>|t| Variable Parameter 
Estimate 

S.E Pr>|t| 

’11.2Q 0.0265 0.0352 0.4508 ’11.2Q 0.0406 0.0137 0.0032 

’18.4Q 0.3905 0.0450 <0.0001 ’18.4Q 0.3897 0.0153 <0.0001 

’11.2Q×Zre1 −0.1074 0.0648 0.0978 ’11.2Q×Zre1 −0.0265 0.0255 0.2986 

’18.4Q×Zre1 −0.1354 0.0830 0.1032 ’18.4Q×Zre1 −0.072 0.0312 0.021 

’11.2Q×Zre7 −0.0666 0.0554 0.2296 ’11.2Q×Zre7 −0.0463 0.0247 0.061 

’18.4Q×Zre7 0.005 0.0703 0.9432 ’18.4Q×Zre7 −0.05 0.0303 0.0989 

D×E1 0.0106 0.0131 0.4184 D×E1 0.0093 0.0068 0.1713 

D×E2 0.0059 0.0118 0.6163 D×E2 0.0085 0.0066 0.2009 

Observations 10.492 Observations 24.646 

RMSE 0.2458 RMSE 0.2204 

Table 2. Additional Monthly Rent Change effecs in Seoul. 

detached & semi-detached house townhouse & multi-family house 

Variable Parameter 
Estimate 

S.E Pr>|t| Variable Parameter 
Estimate 

S.E Pr>|t| 

’11.2Q −0.0472 0.049 0.336 ’11.2Q −0.0234 0.0149 0.1162 

’18.4Q −0.1318 0.0512 0.0101 ’18.4Q −0.2319 0.0155 <0.0001 

’11.2Q×Zre1 0.2409 0.1092 0.0274 ’11.2Q×Zre1 0.2263 0.0415 <0.0001 

’18.4Q×Zre1 0.1990 0.1133 0.0793 ’18.4Q×Zre1 0.3276 0.0434 <0.0001 

’11.2Q×Zre7 −0.1267 0.087 0.1457 ’11.2Q×Zre7 −0.0330 0.0380 0.3858 

’18.4Q×Zre7 0.0741 0.0966 0.4436 ’18.4Q×Zre7 0.0406 0.04 0.3102 

D×E1 −0.0068 0.0163 0.6791 D×E1 0.0139 0.0074 0.0614 

D×E2 0.0045 0.0153 0.7677 D×E2 0.0077 0.0069 0.2717 

Observations 4.546 Observations 10.910 

RMSE 0.2085 RMSE 0.1627 

In addition, the estimated negative coefficients show a larger drop after Move-In than after 
Approval, which may lead to a decrease in rent due to Move-In between the two sub-periods. 
Townhouse and multi-family house was not statistically significant, however, the drop effect is 
more likely after the Move-In than after the Approval. 

 



Hanyang University 

 

93 

Table 3. Additional Chonsei Change effecs in Gyeonggi. 

detached & semi-detached house townhouse & multi-family house 

Variable Parameter 
Estimate 

S.E Pr>|t| Variable Parameter 
Estimate 

S.E Pr>|t| 

’11.2Q 0.0201 0.0584 0.731 ’11.2Q −0.0266 0.0379 0.4825 

’18.4Q 0.2773 0.0613 <0.0001 ’18.4Q 0.3674 0.0573 <0.0001 

’11.2Q×Zre1 0.0186 0.0623 0.7647 ’11.2Q×Zre1 0.0512 0.0454 0.259 

’18.4Q×Zre1 0.1037 0.0672 0.1232 ’18.4Q×Zre1 0.065 0.066 0.3247 

’11.2Q×Zre3 0.1240 0.3746 0.7407     

’18.4Q×Zre3 −0.0133 0.1249 0.9150     

D×E1 −0.0369 0.0150 0.0140 D×E1 −0.02155 0.0213 0.3137 

D×E2 −0.0614 0.0240 0.0108 D×E2 −0.05101 0.0355 0.1509 

Observations  Observations 5.863 

RMSE  RMSE 0.3200 

Table 4. Additional Monthly Rent Change effecs in Gyeonggi. 

detached & semi-detached house townhouse & multi-family house 

Variable Parameter 
Estimate 

S.E Pr>|t| Variable Parameter 
Estimate 

S.E Pr>|t| 

’11.2Q −0.0092 0.0987 0.9258 ’11.2Q 0.0337 0.0471 0.4745 

’18.4Q −0.0359 0.1393 0.7964 ’18.4Q 0.02 0.0586 0.7332 

’11.2Q×Zre1 0.0469 0.1101 0.6704 ’11.2Q×Zre1 −0.1054 0.0594 0.0761 

’18.4Q×Zre1 −0.0547 0.1489 0.7131 ’18.4Q×Zre1 −0.1382 0.0716 0.0539 

’11.2Q×Zre3 0.1144 0.2533 0.6517     

’18.4Q×Zre3 −0.1281 0.4277 0.7646     

D×E1 −0.07247 0.0262 0.0059 D×E1 −0.02829 0.0202 0.1632 

D×E2 −0.09703 0.0408 0.0177 D×E2 −0.01941 0.0331 0.5587 

Observations 1.386 Observations 1.969 

RMSE 0.2340 RMSE 0.1998 

6. CONCLUSIONS 

The neighborhood rent effect of Public Rental Housing varies by supplied housing type and 
price type (rental or sale prices), so it is beneficial to empirically analyze new policies when 
they are attempted. In particular, unlike the Public Rental Housing for low-income families, 
HAPPY HOUSE is a type that is provided to locations of convenient transportation including 
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middle-income households, so it may be different from the neighboring rent effects analyzed 
previously. 

In this study, we measured the Change in Rent of neighboring Non-Condominiums when 
supplying HAPPY HOUSE using Modified Repeat Sales Model. As a result, there was 
statistically no additional rent effect in nearby Non-Condominiums in Seoul, on the other hand, 
there was a statistically significant effect of lowering rent in Gyeonggi-do. And, in both regions, 
rents were more likely to fall in periods after Move-In rather than in periods before Move-In. 
Move-In Point is expected to have a relatively strong effect on the rent of nearby Non-
Condominiums in terms of psychology and housing supply markets. 
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ABSTRACT 

Urban vitality is the eternal theme of urban development and urban planning. Many researches have measured and 
analyzed urban vitality in space of place, and attempted to provide knowledge for shaping dynamic place for 
planners and designers. However, the city is not an assembly of places in a defined area, but different types of 
interactions between places. The space of flow is becoming matter for urban vitality. This paper took space of flow 
as foci, observing urban vitality in Guangzhou from a network perspective. The volume of POI is the estimator of 
urban vitality on sub-district-level. Two kinds of flow space, commodity logistics and banking networks, are 
significant for urban vitality. After positioning each branch of top 5 express companies and banks in sub-districts, 
two 2-mode networks are constructed: logistic-block network and bank-block network. Through transferring 
2-mode network to 1-mode network, the relationships between any two sub-districts are established. Using the 
social network analysis tools, the paper analyzed the distribution characteristics of the spatial correlations in 
Guangzhou. Secondly, the correlations between POI density and centrality of networks were estimated. The 
research demonstrated how space of flow is positively correlated with urban vitality. 

Keywords: urban vitality; social network analysis; space of flow; space of place, 2-mode network, 1-mode 
network 

INTRODUCTION 

The definition of “vitality” is: the first refers to the vitality of life; the second refers to the ability 
of the survival and development of things, that is, the ability of the living body to survive and 
develop. Kevin Lynch’s definition of urban vitality contains the meaning of “excellent vitality”. 
Jane Jacobs believes that the process of intertwining people and people’s activities and places, 
and the diversity of such urban life, has enabled the city to obtain Vitality (Jacobs J, 1992). For 
a long time, urban sociology and architecture have been the two main perspectives for the study 
of urban vitality: Urban sociology generally believes that urban vitality is composed of 
economic vitality, social vitality and cultural vitality (Jiang Difei, 2007), urban space vitality. 
It is only a spatial representation of economic, social, and cultural activities; and the views of 
architecture mostly indicate that urban spatial vitality can be created through design techniques 
(Dong Ming, 2014). Through the combing of the research on urban vitality in recent years, we 
can find that different scholars have different definitions of the concept of urban vitality. 
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However, domestic and foreign scholars are seeking a basic consensus on urban vitality. It is 
generally accepted that urban vitality can be defined from spatial morphological characteristics 
and resident activity intensity (Ye et al., 2016), while the physical space environment is only 
for human activities. The place where the impact is produced cannot itself form vitality (Long 
Hao et al., 2016). At the same time, the study of urban vitality is also carried out from various 
scales. Starting from the urban space, there are mainly city scale, urban scale, block scale, and 
street scale. From the urban administrative division, there are mainly prefecture-level city scales 
and county-level city scales. The selection of research scales has an important impact on the 
study of urban vitality. 

Looking back at the study of urban vitality by scholars at home and abroad, most of the research 
from the perspective of urban spatial form or the intensity of resident activity, the 
comprehensive consideration of the impact of the two on urban vitality is less. The city is a 
dynamic, diverse and comprehensive complex flow system. Therefore, the study of urban 
vitality should start from the global scale. The important concern should be the relationship 
between human activities and space. Therefore, the systematic study of urban vitality can 
introduce the concept of “flow space” and social network analysis. The flow space is a form of 
social organization that promotes information flow and material flow through time control 
(Dong Chao, 2012). The concept of flow space can describe dynamic cities well. The social 
network analysis surveys the social relationship between individuals and individuals or social 
groups. It focuses on the study of “relationships” and applies them to urban vitality, which not 
only can analyze the activities and space of people and people well. The relationship can also 
be released from the attributes of space itself, focusing on the connection and interaction 
between people and places with the dynamic thinking of system and “flow.” 

Therefore, this paper will study the urban vitality from a global perspective, use social network 
analysis methods, introduce the concept of flow space, and focus on the relationship between 
people’s behavior and space. The description of the activities of people and people mainly rely 
on Big data (mobile phone signaling data, GPS data, bus credit card data, POI and Baidu index 
data, etc.). This type of data has time and space, and reflects the real situation by the dynamic 
distribution of urban population. For example, Long Hao (2016) proposed in a big data 
environment, using mobile phone signaling data and POI data related to urban vitality to discuss 
the influencing factors of urban city-wide street vitality from a quantitative perspective. 
Research on the space of urban vitality has begun in 1960s. Xu Leiqing and Kang Qi (2014) 
make sure the influencing factors of the commercial street vitality through field research: spatial 
scale variables of the street, architectural variables of the street level, and street furniture. Ye 
Yu et al. (2016) using GPS and handset technology, the spatial factors affecting urban vitality 
are street accessibility, building density and architectural form, functional mixture, spatial 
syntax, spatial matrix, and mixed functional indicators. In summary, the factors affecting the 
space of the site mainly include building density, building development intensity, functional 
mix, and spatial scale. 

7. METHODS 

Urban vitality is reflected by the total density of various POIs in Guangzhou. The space of flow 
is represented by bank branch (currency flow) and commodity logistics (logistic flow). The 
social network analysis method is used to construct two kinds of flow networks: banking 
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network and logistics network. And assisting the economic industry, planning decisions, 
population density and other factors to explain the network structure. The space of place is 
described by indicators such as size of sub-district, building volume ratio, and building 
coverage ratio. 

Finally, the correlation between urban vitality (POI density) and space of flow is analyzed. 
Explore how space of flow affect urban vitality (Fig.1). 

7.1.Study area 

We chose Guangzhou, China as the study area. The city has an area of 7434.4 square kilometers 
and a total of 170 sub-districts (Fig.2). As one of the oldest cities in China, Guangzhou’s image 
has always been vibrant and its vitality lasts forever.Vigor as an eternal theme in urban 
planning, how to maintain or shape vitality is the unremitting pursuit of many planners and 
designers. Therefore, choosing Guangzhou as a research area can study what factors affect 
vitality. 

This paper takes the sub-district (Jiedao in Chinese) as spatial unit because sub-district plays 
an extremely important role in urban spatial governance. Sub-district vitality is an important 
factor in evaluating whether a city is livable. The spatial scale of a vibrant district and the 
distribution of socio-economic factors can better express the fit with human needs (Su 
Jingxiang, 2019). 

Sample screening of 170 sub-districts in Guangzhou is based on the condition that the 
ecological conservation area in the sub-district is larger than 1/3 of the area of the sub-district. 
A total of 166 sub-district were obtained (Fig.3). 

7.2.Data 

The research data of this paper mainly includes the city’s POI, the city’s buildings, main road 
network, population of sub-district data. The two POIs, bank branches and commodity logistics, 
are used to describe the flow space. 

7.2.1. POI data collection and processing 

The research data of this paper mainly includes the city’s POI, the city’s buildings, main road 
network, population of sub-district data. The two POIs, bank branches and commodity logistics, 
are used to describe the flow space. 

First, obtaining the POI data of Guangzhou from the Internet. After cleaning the data, it is 
divided into 11 categories and 2 POI points (table 1). 

The POI involved in this paper bank branches and l commodity logistics and obtains relevant 
data by Baidu maps. After the data is cleaned, 3014 POI points of bank branch are obtained, 
and the bank type is 48 categories (Fig.4). 

According to 2019-2025 China Express Industry Development Prospects and Market 
Investment Forecast Report, Shentong, Yuantong, Huitong, Zhongtong, Yunda and SF logistics 
companies accounted for 50.6% of the market, accounting for half of the entire express market. 
Therefore, the logistic type is mainly based on these six categories, and a total of 6058 POI 
points are obtained (Fig.5). 
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Figure 1. The research framework of this paper 

 
Figure 2. Location map of Guangzhou, China. 

 

Figure 3. Guangzhou City sub-district Distribution. 
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Table 1. POI classification and quantity. 

Hotel 24705 Public service 7707 Greenland Plaza 1060 

Restaurant 64020 Administration 25837 Sports facilities 3081 

Domestic services 38088 Business office 108471 Education and training 9914 

  . 

 Figure 4. Bank branch POI distribution. Figure 5. Commodity logistics POI distribution. 

7.2.2. Social-economic data collection and processing 

The relationship between vitality and social-economic is inseparable. So by applying to the 
government for data and finding Year books of Guangzhou to obtain the resident population 
data and the registered population. 

7.3.Methods 

We measure the city’s vitality from the perspective of the network, and use the POI open data 
to quantify the city sub-district vitality index. Compare the dynamics of sub-district vitality in 
different urban spaces, using three network centers (Degree, Betweenness, Closeness) to 
describe the dynamic distribution of urban vitality. 

7.3.1. Network construction 

Network analysis is distinguished from traditional social science by the dyadic nature of the 
standard data set. Whereas in traditional social science we study monadic attributes of 
individuals, in network analysis we study dyadic attributes of pairs of individuals. These dyadic 
attributes (e.g. social relations) may be represented in matrix form by a square 1-mode matrix. 
In contrast, the data in traditional social science are represented as 2-mode matrices. However, 
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network analysis is not completely divorced from traditional social science, and often has 
occasion to collect and analyze 2-mode matrices. So,we need to convert the collected data from 
2-mode to 1-mode via UCINET software to facilitate the establishment of the network. 

7.3.2. Social network analysis 

In Graph Theory and Network Analysis, Centrality is an indicator to determine the importance 
of nodes in a Network, and it is the quantification of node importance. Centrality can be used 
to identify the most important person or node in a network. 

Degree centrality is the most direct measure of node centrality in network analysis. The more 
connections a node has, the higher the degree of centrality of the node, and the more important 
the node is in the network. 

   in
d iC vi d  (1) 

Closeness centrality is the average shortest path between a node and other nodes. The smaller 
the average shortest path, the higher the centrality of the node. 
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Betweenness centrality refers to the number of times a node acts as the shortest bridge between 
the other two nodes. The higher the number of times a node acts as an “intermediary,” the 
greater its mediation center. 
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σst: means the number of shortest paths between s and t, 

σst(i): means the number of shortest paths between s and t that pass i. 

8. CORRELATIONS BETWEEN VITALITY AND BANKING NETWORK 

8.1.Centrality of banking-network 

Establish banking-network and logistics-network based on bank branches and commodity 
logistics data. The three centralities of the two networks were analyzed by UCINET software 
and the results were visualized by GIS. 

8.1.1. Degree centrality 

The distribution of degree centrality of the banking network is shown in the figure (Fig.6). We 
can find the central districts (core area) including Tianhe (TH), Liwan (LW), Yuexiu (YX.), 
Haizhu (HZ), the south part of Baiyun (BY) and the north part of Panyu (PY), which covering 
2089.53 km², have a high degree centrality. The rest of districts including Huadu (HD), 
Zengcheng (ZC), Conghua (CH), Panyu (PY) and Nansha (NS), which covering 5344.87 km², 
have a low degree centrality. The analysis is based on the urban spatial structure map (Fig.7) 
and 2017 GDP of the urban districts (table 2).  
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Table 2. Regional production value of various regions in Guangzhou in 2017 (10 thousand RMB). 

District GDP District GDP District GDP 

TH 42856173 PY 19722430 NS 13787250 

HP 32422306 BY 17829422 ZC 10722986 

YX 31544843 LW 11592657 CH 4001046 

HZ 17379262 HD 12899249   

   
 Figure 6. Degree centrality of banking-network. Figure 7. Spatial structure of GZ master planning 

  (source: Guangzhou Urban Planning Bureau 2018). 

The higher central values of districts that have been developed for a longer period of time 
indicate and these regions have more links with the outerdistricts; while the newly developed 
regions, such as the NS district established in 2005, have a shorter development time and have 
not established close ties with other areas. 

8.1.2. Betweenness centrality 

The betweenness centrality (Fig.8) of the banking network is generally low in the central region 
and high in the south as seen from the overall urban distribution. 

The lower value of the central zone’s betweenness centrality is due to the higher connectivity 
of the central city, and there are multiple ways to reach a destination. The highest value of 
betweenness centrality appeared in Dongyong sub-district, Nansha sub-district and 
Wanqingsha sub-district in the south of Guangzhou City (NS district). Based on the analysis of 
the industrial structure of the Nansha sub-district (Fig.9). 

CH 
Airport economic zone 

HD Knowledge city 

ZC 

Metropolitan area 

PY 

NS 
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Figure 8. Betweenness centrality of banking-network. Figure 9. The industrial structure of NS district 

  (source: Guangzhou Urban Planning Bureau 2018). 

Nansha sub-district is the central city of Nansha district, Dongyong sub-district is the 
automobile equipment base, and Wanqingsha sub-district is the bonded port and entertainment 
consumption area. The three sub-districts of the industry are in great demand for contact with 
the outside, and the three sub-districts serve as a bridge for external contacts. This also explains 
why the peak appears here. 

8.1.3. Closeness centrality 

The superposition analysis of the Closeness centrality structure (Fig.10) and the development 
structure of Guangzhou (Fig.11): It can be seen that the distribution of the Closeness centrality 
is almost identical to the urban structure development plan. The planned urban structure affects 
the shortest path of contact in the street. 

8.2.Correlation analysis 

Urban vitality is described by POI density. Correlation analysis was performed between the 
POI density and the three centralities of the bank network. The results are shown in the 
following table (table 3). The results show that there is a correlation between urban vitality and 
the three centralities of the banking network. That is to say, there is a relationship between 
space of flow represented by the currency flow and urban vitality. 

9. CORRELATION BETWEEN VITALITY AND LOGISTIC NETWORK 

9.1.Centrality of logistic network 

9.1.1. Degree centrality 

The number and distribution of commodity logistics are related to factors such as population 
density and building volume ratio in the region.  
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Figure 10. Closeness centrality of banking-network. Figure 11. The spatial development strategy  

  of Guangzhou 
  (source: Guangzhou Urban Planning Bureau 2018). 

Table 3. Correlations between POI density and centrality of bank network. 

 Degree Betweenness Closeness 

POI density 0.455 0.222 0.409 

sig 0.000 0.004 0.000 

For example, in areas with high population density and building volume ratio, the number of 
commodity logistics will be less. Because if the population is concentrated, a courier outlet can 
serve more people within a certain range, and the connection between this commodity logistic 
and other node will be reduced. By superimposing the results of degree centrality (Fig.12) with 
population density (Fig.13), it can be seen that degree centrality is inversely proportional to 
population density. 

9.1.2. Betweenness centrality 

Betweenness centrality is to evaluate the shortest bridge between the other nodes. Apply it to 
the logistic-network, which is equivalent to the express delivery center. A place with a high 
degree of centering means that the power of this sub-district is large, and the connection of 
other sub-districts sections is necessary to pass through this sub-district. For example, the Renhe 
sub-district and TH district are part of the Airport Economic Zone, and the aviation links with 
the outside world must pass through, so the betweenness centrality of the two districts is high 
(Fig.14). 
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 Figure 10. Degree centrality of logistic-network. Figure 11. Population density in Guangzhou. 

9.1.3. Closeness centrality 

One of the factors to be considered in the life express delivery operation is the convenience of 
road traffic. By calculating the closeness centrality of Logistic-network, the shortest path of the 
connection between the neighborhood nodes is obtained (Fig 15). Auxiliary to the main road 
traffic in Guangzhou (Fig.16), it can be seen that the density of the road network is high, and 
the Closeness centrality is also high. The road network density in the outer districts is low, 
resulting in an increase in the path between nodes and a low degree of center. 

9.2.Correlation analysis 

Correlation analysis was performed between the POI density and the three centralities of the 
commodity logistics network. The results are shown in the following table (table 4). The results 
show that there is a correlation between urban vitality and the three centralities of the 
commodity logistics network. Then we can judge that flow of space can affect the vitality of 
the city to a certain extent. 

10. CONCLUSION AND DISCUSSION 

The study of urban vitality in this paper not only restricts the horizon to space of place, but also 
introduces space of flow into the study of urban vitality. We quantify urban vitality through 
POI points and measure space of flow with commodity logistics and banks. Using methods of 
social network analysis, the distribution characteristics of two kinds of flow space in 
Guangzhou are analyzed. The currency flow space is mainly related to the industry. The 
centrality of the currency network in Guangzhou is high in the central area and low in the 
peripheral area.  
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Figure 14. Betweenness centrality of logistic-network. 

   
Figure 15. Closeness centrality of logistic-network. Figure 16. Road network in Guangzhou 

  (source: Guangzhou Urban Planning Bureau 2018). 

Table 4. Correlation between POI density and logistic centrality. 

 Degree Betweenness Closeness 

POI density 0.303 0.288 0.308 

sig 0.000 0.000 0.000 

The distribution of logistic network is mainly inversely proportional to population density, 
showing a high population density in the central area but a low centrality of the commodity 
logistics network. At the same time, the results of the two network calculations reflect the 
common law. The first is that the bank network or commodity logistics network has a high 
correlation with POI density. In other words, space of flow can affect the vitality of the city.  
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 Figure 17. Degree centrality of banking-network. Figure 18. Degree centrality of logistic-network. 

Secondly, the two networks have certain similarities with urban planning structure and 
infrastructure distribution (Fig.17 & 18). It shows that physical space has obvious 
correspondence with urban vitality. We can further discuss the relationship between urban 
vitality and physical space, such as building volume ratio, building coverage ratio, size of sub-
district and land mix. This is a question worthy of further discussion and research. 
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ABSTRACT 

Urban spatial structure is a spatial form expressed by the interaction of various elements of cities through their 
internal mechanisms, and is an important part of studying urban spatial development and social economic 
development. In 2000, the Guangzhou government launched China’s first urban spatial development strategic plan, 
which formulated a series of policies and guidance with the goal of a multi-center cluster-type network structure. 
In the past 20 years, has Guangzhou become a multi-center city? In order to answer this question, this paper uses 
social network analysis method to establish a sub-district network, and analyzes the socio-economic interaction 
characteristics between sub-districts as an important factor to measure urban spatial structure. Finally, through 
simple planning and evaluation, the urban spatial structure is determined and analyzed, which provides a good 
reference for the future development and layout of urban space in Guangzhou. 

Keywords: urban spatial structure, socio-economic interaction, urban spatial development strategy, social 
networks 

INTRODUCTION 

The urban spatial structure is a spatial form that the various elements of the city show through 
the interaction of their internal mechanisms. It is an important part of studying urban spatial 
development and social economic development (Liu, Chen, et al., 2017), and determines the 
future development direction of the city. The configuration of the relevant facilities is of great 
significance. 

At present, there are a large number of literatures on the spatial structure of cities, mainly 
including: analysis of the spatial structure of domestic cities by drawing on the theory of spatial 
structure of western cities; exploring the application of urban spatial structure models and 
theories; new research methods and the application of technology. However, on the whole, 
systematic and scientific evaluation and identification of urban spatial structure and quantitative 
study of urban spatial structure are currently of little concern. The urban spatial structure 
consists of three components: one is the urban form, that is, the spatial structure of fixed factors 
(including urban construction, land use, social groups, economic activities, and public 
institutions) in urban zones; the second is the social economy of the city. Activity interaction 
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refers to the flow and communication of people, commodity materials, and information 
knowledge in different locations in the city; the third is a series of organizational principles that 
stipulate the relationship between the former two, such as the interaction of social and economic 
activities to promote the formation of a fixed-element spatial structure. And a certain spatial 
form can bring frequent economic activities. Therefore, “relationship” has become the focus of 
this paper, and we believe that the degree of interaction of socio-economic activities in cities 
can be used to quantitatively identify spatial structural features. The social network analysis 
method has a good effect and application for analyzing “relational data.” In this paper, we use 
this method to study the interaction of urban internal social-economic interactions, and then 
analyze the spatial structure of the city. In 2001, Guangzhou launched China’s first urban spatial 
development strategic plan, which formulated many space policies and guidance for urban 
development. The final goal was to adopt a leap- forward development model and adjust urban 
space on the premise of regional coordinated development. The structure promotes the 
transformation of the urban structure from a single center to a multi-center, and finally forms a 
multi-center cluster-type network-type urban structure. Today, after nearly 20 years of planning 
and implementation, has Guangzhou formed a poly-centric urban structure? And has this multi-
center structure developing in a leaping way? In order to answer this question, this paper 
evaluates the implementation performance of the urban spatial development strategy plan based 
on the analysis of the status quo of Guangzhou. 

Located at the southern tip of China, Guangzhou is adjacent to the South China Sea and is a 
developed coastal city. Guangzhou is the capital of Guangdong Province, an international 
metropolis and an international transportation hub. It is also the core city of the Pearl River 
Delta and the Greater Bay Zone of Guangdong, Hong Kong and Macao, playing an important 
role in regional development (Fig.1-a). The administrative zone of Guangzhou is 7434.4 square 
kilometers. By the end of 2017, it has a resident population of 140,435,500 and a registered 
population of 8,074,900. It is a veritable megacity. Guangzhou has a total of 11 districts and 
170 sub-districts. For the convenience of research, in this paper, we select 166 sub-districts as 
study zones (Fig.1-b), since the four removed sub-districts contain large zones of mountains 
and farmland. In order to better understand the administrative unit of Guangzhou, we will 
summarize some relevant information (Table 1) to facilitate the subsequent analysis. 

In this study, we use the social network analysis (SNA) method to evaluate the spatial structure 
of Guangzhou. The analytical tools used are centrality analysis, core-periphery structure 
analysis and cluster analysis, all of which are operated in UCINET software. Through analysis, 
the main answer is two questions: Has Guangzhou formed a poly-centric structure? Is this 
structure leaping? Finally, make an evaluative summary. 

In 2000, Guangzhou launched China’s first urban spatial development strategic plan, which 
formulated many space policies and guidance for urban development. The final goal was to 
adopt a leap-forward development model and adjust urban space on the premise of regional 
coordinated development (Fig.2), we can clearly see that Guangzhou plans to become a multi-
center city: although it is still dominated by the central zone, in the four zones of CH, ZC, HD 
and NS, there are forming 4 secondary centers. The plan points out that the future urban spatial 
structure of Guangzhou is based on the natural pattern of mountains, water, cities, fields and 
seas, and is a multi-center cluster network-type urban structure mainly developed along the 
Pearl River system. 
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 a. Position in the Pearl River Delta. b. Guangzhou administrative division. 

Figure 1. Study Area. 

“Mountain” refers to the low-lying mountainous and hilly zones of the north. Thanks to the 
warm and humid climatic conditions and years of greening and afforestation efforts, the 
mountain forests are flourishing, and Baiyun Mountain and Yuexiu Mountain extend into the 
urban zone, laying the ecological city pattern of “green hills and half into the city;” “water” 
means running through The Pearl River system in Guangzhou, “six veins are all connected to 
the sea” is a portrayal of the Guangzhou water network. These large and small rivers are closely 
related to the people’s lives; “City” refers to the urbanization of the Central Plains; “Field” 
refers to the farmland water network zone in the southeast; “Sea” refers to the southeastern sea 
zone. 

Based on the structure, the planning documents pointed out that the basic orientation of 
Guangzhou’s development is: South extension, Northern optimization, Eastern development 
and Western Union, determining the eastern and southern zones as the main direction of urban 
development. 

As of 2017, the urban spatial development strategic plan of Guangzhou has been implemented 
for 17 years. We first get a general understanding of the development status from the current 
social and economic development.  
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Table 1. Statistics of Guangzhou in 2017. 

Planning Zone District Sub-district 
(unit) 

Land area 
(hectares) 

Population 
(person) 

GDP 
(10000 yuan) 

Central Zone Liwan (LW) 22 59.1 950000 11592657 

Yuexiu (YX) 18 33.8 1163800 31544843 

Haizhu (HZ) 18 90.4 1663100 17379262 

Tianhe (TH) 21 96.33 1697900 42856173 

Baiyan (BY) 22 795.79 2572400 18154721 

Haungpu (HP) 15 484.17 1091000 32422306 

Panyu (PY) 16 529.94 1719300 19722430 

HD Zone Huadu (HD) 10 970.04 1075500 12899249 

NS Zone Nansha (NS) 9 783.86 725000 13787250 

CH Zone Conghua (CH) 8 1974.5 642100 4001046 

ZC Zone Zengcheng (ZC) 11 1616.47 1198300 10671579 

5 zones 11 districts 170 7434.4 14498400 21503156 

(source: Guangzhou Urban Planning Bureau, 2000; Guangzhou Yearbook 2017) 

Fig. 3(a) shows the GDP of the five zones in Guangzhou in 2017 and Fig. 3(b) shows the per 
capita GDP trends of each zone in Guangzhou from 2006 to 2017. Based on it, we believe that 
in order to form a multi-center city in Guangzhou, first of all, the economic and per capita GDP 
of each district must be developed relatively evenly. 

From the GDP ratio of each district in 2017, it can be seen that most of the city’s economic 
contribution is still made by the metropolitan zone, and the remaining four regions account for 
a small share, especially in the CH zone, which is less than 2%. Judging from the per capita 
GDP growth trend of each district in 2006–2017, NS zone has performed well, and per capita 
GDP has been stable above the metropolitan zone, and the growth trend is more obvious, 
indicating that NS zone has developed rapidly in recent years. In contrast, the development of 
other regions is very gradual, which may be detrimental to the development of poly-centric 
structures. 

1. METHODS 

On the global scale, 166 sub-districts in Guangzhou were selected as research units. Sub-district 
(Jiedao in Chinese) is a kind of administrative system. It is a fundamental administrative 
division of cities which plays a basic role in spatial governance in mainland China. The 
reasonable size and clear boundary of sub-districts can clearly determine the urban spatial 
structure and the distribution of population and POI (Point of Interest) in this spatial scale. The 
data sources included POI data and the resident population of each sub-district, which were 
sourced from Baidu API, local statistical bureau and their own Year-Book in 2017 respectively.  
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Figure 2. Poly-centric metropolis in Guangzhou Spatial Development Strategy Planning  

(source: Guangzhou Urban Planning Bureau, 2000). 

POI data is real geographical point data with spatial attribute information, large amount of data 
and easy access, which has been widely used in urban research, especially studying the urban 
spatial structure (Huang, 2017). The number of residents and POI data can reflect the 
development potential and social- economic vitality, which are important attributes to study 
one city. 

1.1.Measure of socio‐economic interaction potential (SEIP) 

The gravity model comes from the universal law of gravitation in physics and expresses the 
mutual attraction between two individuals. The traditional gravity model is widely used in the 
fields of geographical distance attenuation and spatial interaction. It is the most classic and 
commonly used model in spatial connection analysis. At present, many scholars have applied 
it to the analysis of inter-urban spatial structure, but few scholars pay attention to the analysis 
of urban internal spatial structure (Peng, 2017). In the model, the gravitational result represents 
the magnitude of gravity between the two ‘actors,’ that is the potential for mutual social-
economic interaction.  
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 a. GDP ratio of five development zones in 2017. b. Per capita GDP growth from 2006 to 2017. 

 

c. Five development zones of Guangzhou. 

Figure 3. Guangzhou’s economic situation. 

The greater the gravitation, the stronger the contact interaction and the more the city center can 
be formed. In the study, the gravity model was slightly improved in order to characterize the 
interaction of social and economic activities among the sub-districts.  

We selected the resident population density and POI (Point of Interest) density as important 
variables of the model to measure the interaction of social and economic activities between 
166 sub-districts in Guangzhou. The specific improvement ideas and expressions are as 
follows: 



Harbin Institute of Technology 

 

115 

 2
,  

i i j j i
ij ij ij

ij i j

P R P R P
F k k

D P P

    
    

 (1) 

Fij: interaction intensity between district i and district j, 

Pi: POI density of district i, 

Ri: population of district i, 

Dij: Euclidean distance between district i and district j, 

kij: correction factor. 

The calculated result of the gravity model is generated into a matrix of 166×166, and the median 
is selected as a measure of the magnitude of gravity between the sub-districts. Regulation: The 
value greater than the median is recorded as 1 and vice versa. Then the SEIP (social-economic 
interaction potential) network was established. The resulting 0,1 matrix is imported into 
UCINET software, and the three analysis tools of centrality, core-periphery structure and cluster 
analysis are sequentially run. 

1.2.Measure of node importance within socio‐economic interactions 

Social network analysis research methods have been widely used in various network 
organization structure analysis in recent years. Centrality analysis is an important part of social 
network analysis. For the purposes of this paper, it is an excellent way to measure the 
importance of nodes in socio-economic interaction. We chose ‘degree’ to evaluate the node 
importance within SEIs. 

Degree centrality in the network can be measured by the number of nodes in the network that 
are related to that node. A larger number indicates a higher status of the node and a greater 
“power” in the network. In the study, we use the sub-district as ‘node,’ the gravitation between 
the sub-districts as a ‘link’ to establish a network. CD for node i is defined as follows: 
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where  
1

 
g

ijj
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  refers to the number of direct connections between node i and other g-1 

nodes j (i ≠ j, excluding I’s association with itself). 

1.3.Detecting core‐periphery structure 

The core-periphery theory was originally used to analyze the equilibrium and non-equilibrium 
problems of regional economic development. In 1971, Friedman extended the research object 
of ‘core-periphery’ theory from the space economy to all levels of social life in the ‘General 
Theory of Polarized Growth,’ and later as an explanatory model for regional spatial structure 
and morphological changes widely used (Wang, 2007). Based on the basic idea of this theory, 
we use the core-periphery analysis tools in UCINET to analyze the spatial equilibrium 
development of Guangzhou. ρ for node i is defined as follows: 

 
, ij iji j

a   (3) 
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In the equations, aij indicates the presence or absence of a tie in the observed data, ci refers to 
the class (core or periphery). that actor i is assigned to, and δij (subsequently called the pattern 
matrix) indicates the presence or absence of a tie in the ideal image. 

1.4.Community detection of socio‐economic network 

Cluster analysis is a statistical tool used to classify objects into groups, such that the objects 
belonging to one group are much more similar to each other and rather different from objects 
belonging to other groups. It is generally used for exploratory data analysis and serves as 
a method of discovery by solving classification issues. In order to find the clustering 
characteristics among the sub-districts, which means that the spatial distribution of the most 
closely connected sub-district groups, we use the clustering method in UCINET software for 
detection. 

2. RESULTS 

2.1.Preliminary judgment of poly‐centric structure 

By analyzing the centrality of the sub-district and the core-edge structure, we can initially 
determine the central location of Guangzhou. From the spatial distribution of degree and core- 
periphery structure in Guangzhou (Fig. 4 and Fig. 5), we found some central sub-districts in the 
SEIP network. On the whole, these two patterns of analysis present a heterogeneous spatial 
pattern of decreasing density from the downtown to the suburbs, high concentration of the 
center and multipole distribution in the suburbs. 

From Fig. 4 we can see that within the entire city zone, the four districts of the central zone, 
YX, TH, LW, and HZ district, are the highest degree districts, and four secondary centers are 
formed in the remaining four zones. To a certain extent, the potential of Guangzhou to form a 
multi-center structure. Among the four sub-centers in the periphery, only Xinhua sub-district 
has a high center and the other three are low. Although they have greater power in their 
respective zones, it does not mean that they can certainly promote the growth of the zone and 
form a real city Centre. 

The core-periphery theory was originally used to analyze the equilibrium and non-equilibrium 
problems of regional economic development. In 1971, Friedman extended the research object 
of “core-periphery” theory from the space economy to all levels of social life in the “General 
Theory of Polarized Growth,” and later as an explanatory model for regional spatial structure 
and morphological changes widely used (Wang, 2007). Based on the basic idea of this theory, 
we use the core-periphery analysis tools in UCINET to analyze the spatial equilibrium 
development of Guangzhou (Fig. 5). The core-periphery structure of Guangzhou is obvious. 
Central zone is still the core of the city, which is declining from the urban zone to the periphery. 
CH, HD, ZC and NS zone are located in the periphery, and their respective central sub-district 
form their own core in a small zone.  
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 Figure 4. Degree centrality of SEIP network. Figure 5. Core-periphery structure of SEIP network. 

Overall, it presents a structure that is very similar to the planned content: the central zone is the 
main center of the city, and the outer zones can independently form their own centers, spanning 
and multi-center. At present, the spatial structure of Guangzhou has already taken shape. 

2.2.Preliminary judgment of poly‐centric structure 

By detecting community clustering in SEIs, the community clustering characteristics of 
166 sub- districts in Guangzhou were found (Fig. 6). In the community clustering, the sub-
districts belonging to the same category are closely connected and frequently communicated; 
the sub-districts within different categories are less connected or even irrelevant. Through 
community clustering, we can clearly know which zones of Guangzhou’s closely connected 
sub-districts are located, which is of great help in judging the urban spatial structure. 

The 166 sub-districts are divided into five categories. The sub-districts with the largest zone 
and the closest clustering among each other are located in the central zone, showed 
community 1 in the figure, and the sub- districts gathering state in other zones is relatively 
scattered. It can be seen that, except for the sub-districts in the community 1 which are 
geographically close to each other and can be condensed into one whole, there are cross-
regional exchanges between other types of sub-districts, especially community 2 and 3, their 
sub-districts are scattered in four peripheral zones. Interestingly, Jiekou sub-district in the CH 
district belongs to the community 1, indicating that the Jiekou sub-district has a close interaction 
with the central zone in the case of crossing a sub-district between them. Jiekou has a long 
history and is also a resident of the CH district government.  
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Figure 6. Communities of SEIP network. 

It has a large population and has assumed the function of the transportation hub of the 
northeastern part of Guangzhou since ancient times. The distance between the community 2 
and the sub-districts within the community 3 is far apart. They belong to the same category and 
have a great relationship with the transportation network, logistics park and transportation hub 
of the entire city. 

This kind of community clustering across multiple districts, due to geographical distance 
factors, the social-economic interaction between them is relatively weak, and it is difficult to 
form a common center. It is worth mentioning that we clearly see that the central zone is 
expanding to the surrounding zone, which has exceeded the scope of the original planning. This 
shows that the “gravity” of the central zone is gradually increasing for other zones, resulting in 
the continuous closeness of the surrounding sub-districts. In this case, it is difficult for the other 
zones to develop independently, and they are more dependent on the central zone. The multi-
center structure is difficult to form. 

The best way to understand the development of a zone is to start with the economy (Fig. 7). In 
2017, the per capita GDP of NS district has surpassed the central zone and become the zone 
with the highest per capita GDP in Guangzhou. The reason for this situation is that the support 
of the central zone or its own development?  
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Figure 7. Per capita GDP in five planning zones in 2017. 

It can be seen from Fig. 6 that there are economic interactions between only two sub-districts 
in the NS district and the central zone, indicating that the rapid economic development of NS 
district is related to its own development. NS district’s spatial planning development orientation 
in Guangzhou is “south extension”, which is an important strategy for urban development. NS 
district is located at the southernmost tip of Guangzhou. It is the gateway to the Pearl River 
estuary and the only gateway to the sea in Guangzhou. Its important status determines that its 
planning and development will also be valued. 

2.3.Impact of infrastructure 

In the planning of the urban road system, it is determined that the road system is composed of 
the main skeleton road system and the basic road system. Among them, the main skeleton road 
system is the skeleton of the city, which bears the function of “communication” of urban traffic. 
The network-like structure system takes the high-speed road network as the skeleton, and the 
traffic trunk road is the auxiliary network-like structure system. 

The overall road network structure is a circular radiation plus a square grid. We have compiled 
the spatial distribution of the main urban road network in Guangzhou in 2017 (Fig. 8). 
Compared with the planned road network, the current situation has basically realized the 
original plan, and the main road network realizes the full coverage of Guangzhou. From the 
perspective of the density of the road network, the central zone is still the region with the highest 
density. 

Rail transit is the fastest way of transportation in public transportation. The development of rail 
transit, especially subway lines, will greatly shorten commuting time, improve living efficiency, 
and create a comfortable and fast living circle. The plan is to build Guangzhou Metro Lines 1, 
2, 3, 4 and 5 in 2010. The completed subway network can basically meet people’s daily traffic 
requirements (Fig. 9). There are still several lines under construction. The perfect subway 
network has greatly shortened the traffic time in the central zone and surrounding zones. We 
may wonder why there is no subway line in northern Guangzhou.  
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 Figure 8. The road network in 2017. Figure 9. The metro network in 2017. 

This is because the mountains are mostly mountainous, and the natural resources and mineral 
resources are abundant. The blind construction of the subway will cause certain damage to the 
ecological environment, and a large number of mountains are too costly for construction.  

From the perspective of the density of the road network and the spatial distribution of the 
subway network, the central zone is still the region with the highest density. To form a mature 
multi-center structure, the density of infrastructure should be as balanced as possible at each 
central location. Therefore, from the current distribution of road networks and subway lines in 
Guangzhou, the multi-center structure is not obvious. Apart from historical reasons, the role of 
the government has an important impact on the formation of spatial structure. 

3. CONCLUSION AND DISCUSSION 

Based on the social network analysis method, this paper judges the urban spatial structure of 
Guangzhou, and determines the formation of urban centers by central analysis and core-edge 
structure analysis, and uses community clustering to analyze the development trend of multi-
center structures. Our analysis is based on the spatial planning content of the urban spatial 
development strategic planning of Guangzhou, and finally the following conclusions are 
obtained: 
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1. The poly-centric structure of Guangzhou is very weak, and the central zone still 
occupies a dominant position. Judging from the current research, “north expansion” has 
a strong development momentum and great development potential. Due to the rapid 
socio-economic development of NS zone, it may not be affected by or affected by a 
small central zone and become the most obvious secondary center in Guangzhou. 

2. The central zone is very attractive to the peripheral zone. Some of the peripheral sub-
districts have become the same type of community as the central zone because they rely 
too much on the central zone. Instead, they are constantly away from the zone they 
belong to. This will result in an ever-increasing central zone, and it will be difficult to 
form a multi-center structure until the central zone has sufficient gravity. 

3. There is still a long way to go to form a multi-center structure with leaps and bounds. 
In addition to the NS zone, the other three zones are developing smoothly. If the 
government can increase its support, it is expected to gradually form a poly-centric 
structure. 

This paper uses a new quantitative method—SNA, to judge the single-center or multi-center 
structure of the city. Compared with the traditional spatial structure research, the results are 
more inclined. The study links the urban spatial structure with the socio-economic interaction, 
it is a new idea about spatial structure research. However, when assessing the results, subjective 
experience is still the main focus, and the conclusions obtained are not accurate conclusions. In 
addition, empirical research based on sub-district scales easily masks its internal heterogeneity. 
As data acquisition increases, future technologies and more elaborate scale units are further 
studied. 
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ABSTRACT 

Emotional analysis has achieved great success in urban studies, but most of the current studies are still limited to 
specific locations, without paying attention to the spatial characteristics of emotions and the relationship between 
residents’ emotions and different locations. However, in different parts of a city, residents’ emotions and the causes 
of emotions are different. Therefore, emotional analysis combined with spatial location is more persuasive. This 
paper fully combines emotion analysis, theme mining and exploratory spatial analysis technology. The 
methodology proposed in this paper consists of four steps: 1) Based on web crawler, obtained 63312 Weibo data 
with location tag in Nanchang City. 2) We use the BI-LSTM model to effectively extract the mood of residents 
from Weibo. 3) ESDA analysis was used to reveal the relationship between residents’ emotions and different 
locations. 4) Combined with the Common word network and LDA model, emotional topics in Weibo are explored 
from both qualitative and quantitative perspectives. Finally, we find that in the downtown and airport areas, 
residents’ emotions are generally negative due to weather, transportation, housing prices, departure and other 
factors, while in the school-intensive areas, because of the school’s rich campus activities and students’ active 
young living conditions, the emotions are more positive. 

Keywords: emotion analysis, residents’ emotions, Nanchang, spatial distribution characteristics 

1. OBJECTIVE 

The ever-increasing amount of text generated by Sina Weibo users contains a wealth of 
information about the users’ state of mind. In order to better mine the emotional tendency of 
urban residents and explore the relationship between emotion and spatial location, this paper, 
based on the big data of Weibo, calculates the probability of residents’ emotional tendency and 
explores the spatial distribution characteristics and influencing factors of their emotions. 

2.  BACKGROUND 

Emotional analysis has achieved great success in urban studies, but most of the current studies 
are still limited to specific locations, without paying attention to the spatial characteristics of 
emotions and the relationship between residents’ emotions and different locations [1–4]. 
However, in different parts of a city, residents’ emotions and the causes of emotions are 
different. Therefore, emotional analysis combined with spatial location is more persuasive. 
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3. DATA 

In this paper, Nanchang within the beltway as the study area. The research area was divided 
into equal large grids, and then the center point coordinates of each grid were collected.. A total 
of 63,312 pieces of data were obtained by capturing the Weibo near each central point on 
September 30, October 30 and November 31, 2018, respectively. Then, it preprocesses the data 
such as mechanical deduplication, short sentence deletion, quality detection and non-sign-in 
data elimination. Finally, the Regular Expression was used to obtain the address tag in the 
microblog, and the Tianditu API is used to geocode the location to obtain the coordinates. 

4. METHODOLOGY 

Firstly, the BI-LSTM [5] realized by Baidu’s open source Senta project was used to construct 
an emotion classification model to classify the emotion of Weibo, and the positive emotion 
tendency value of the output of the model was defined as the emotion value expressed by 
Weibo. Then, the ESDA tool set of ArcGIS 10.3 software was used to explore the emotional 
distribution mode of residents in Nanchang city. The correlation between location and emotion 
was determined by Global Moran’s I index, and the spatial clustering of high value and low 
value of Weibo emotion with statistical significance in Nanchang was identified based on the 
cold spot tool. In order to better identify the emotions of people in various regions of Nanchang 
city, the clustering results were interpolated to draw a map of the emotional distribution of 
residents in Nanchang city. Finally, the construction of common word network based on Gephi 
can intuitively find the topic of Weibo. On this basis, the LDA model is implemented through 
coding to quantitatively explore the emotional influence factors of each typical region. 

5. RESULT AND DISCUSSION 

From the spatial distribution map of emotions, we can see that most of the people in Nanchang 
from September to November 2018 tend to have positive emotions. The hot spots are distributed 
in the surrounding areas of Liantang Town (A1), Yaohu Lake (A2), Qianhu Lake (A3) and 
Zhimin A4, which indicates that the emotions expressed by the people in these areas are more 
positive through Weibo. In Shengmi Town (B1), downtown (B2), Changbei Airport (B3) and 
other areas, the people in these areas expressed more negative emotions through Weibo. We 
obtained the following conclusions: the rich campus activities and the active life of young 
students in the school, the Weibo themes in the intensive areas of the school are all related to 
the relaxed campus life, and the emotions revealed are also relatively positive; Medical 
problems, traffic problems and weather problems are the main factors that affect the emotional 
tendency of center of the city. Departure and flight delays are the major factors leading to 
negative emotions in the airport area. 

6. CONCLUSION 

This study fully combines emotion analysis, theme mining and exploratory spatial analysis 
technology. Compared with previous urban emotion research, this study has the following 
innovations:  
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Figure 1. Distribution Map of Emotion of the Population in Nanchang City. 

1. Compared with the LSTM model, the BI-LSTM model can more effectively extract the 
emotions of residents in Weibo; 

2. ESDA analysis was used to reveal the relationship between residents’ emotions and 
different locations; 

3. Combined with the Common word network and LDA model, emotional topics in Weibo 
are explored from both qualitative and quantitative perspectives. 
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ABSTRACT 

Urban Farmland (UF) plays a role as pieces of green network in cities by providing ecosystem services such as 
provisioning food, recreational spaces, water recharge and so on. However, UF has rapidly decreased along with 
the sprawl of urban development in the past half a century in Tokyo, leaving the remnant of farmland sporadic and 
the services limited. This study considered a green space and its nearby natural land as a green unit (GU), and 
a combination of farmland with green spaces as contribution of UF to expanding green network. We categorized 
UF from the view of the size, the distribution, and the connectivity with other green spaces. This categorization is 
applied to a series of land use data of Nogawa River Basin in the suburb area of Tokyo Metropolitan. The results 
are: 1) UF which are adjacent to each other or green space are seen in suburban area. This type of UF is typically 
seen in areas unfavored to human using and around large green spaces such as park, airport, universities. 
2) Farmland which are fragmented, and not adjacent to other green space are seen around residential area. 
However, this type could exist as green steppingstones with potential to contribute to the formation of a green 
network although the effect in ecosystem services may be limited. 3) GU with UF is 1.8 times as large as without 
UF. UF would be resources for ecosystem services, UA should be positioned as one of the green network policies. 

Keywords: urban agriculture (UA), urban farmland (UF), green network, spatial distribution, ecosystem services 

INTRODUCTION 

Large cities in the world are highly concentrated and growing in population, and the urban 
population is expected to reach 54% in 2014 and two third in 2050 [1]. In the city, people and 
buildings are overcrowded and urban area have been expanded. Also, this process of 
urbanization is often seen in a chaotic manner, though zoning system regulates development. 
As a result, natural land resources such as woodland and farmland were lost and replaced by 
artifacts such as asphalt pavement and concrete buildings. As a result of the progress of 
urbanization and human activities, the reduction of green spaces and environmental pollution 
are taking place, and the urban ecosystem is deteriorated in the long term [2]. City-specific 
issues are exposed by many disasters and problems such as the Great East Japan Earthquake in 
2011, heavy rain disasters in Hiroshima City in 2014 and in Joso City in 2015 and disasters 
such as repeated urban floods, the urban heat island phenomenon, poor biodiversity, few parks, 
etc. To be a sustainable city in the future, it’s important to manage the land use. 

Urban agriculture (UA) has not only agricultural production function but also various functions 
such as biodiversity, health, rainwater recharge [3], and contributes to urban resilience [4]. 
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Among them, food production, which is the most basic function, is highly discussed in 
developing countries and some Western cities for urban food security [5, 6, 7]. In particular, 
food production in professional agriculture in urban, unlike in rural area, focuses on efficiency 
because it is disadvantageous in economies of scale [8]. However, due to the diversification of 
food distribution channels in recent years, attention has been focused on other functions. In city, 
we can see organic farming and diverse vegetables which are also opportunities to enjoy 
farming and vegetables [9]. This has implications not only for production but also for the 
enjoyment of farming with their own hands and the enjoyment of food and the quality of life. 
It also has ecological significance. UA is a valuable green space resource in cities with few 
green spaces and contributes to biodiversity [10, 11]. In addition, UA plays role to mitigate 
Urban Heat Island [12] and create local communities [13]. From the various functions of UA, 
it can be said to contribute to ecosystem services. 

However, contrary to the rising demand for UA, there are challenges. First of all, due to the 
social conditions such as the shortage of workers, aging, low profitability compared to other 
land use, the conversion of urban farmland (UF) is going on [14]. Second, many researches 
tried to clarify UA’s functions, it is still unclear how UA plays roles in complex and diverse 
cities. UA has become smaller and fragmented by urbanization and is only a small green cover. 
Thus, although there is agricultural production, there are small patches for the inhabiting of 
organisms, and there are small rainwater recharge and so on.  

As one of the solutions to such problems, connecting UF with other green space resources is 
expected to enhance functions beyond the functions held by UA itself. So far, the role played 
by the small green spaces in large cities has been recognized as an ecological network and 
steppingstone biotope. However, it remains unclear how UA has been positioned in such 
a network of green areas. 

In this study, we aimed to clarify that UA plays role as a piece of green network (GN) in urban 
landscape in the view of distribution. 

1. METHODOLOGY 

In this paper, we used Geographic Information System (GIS) software, ArcGIS Pro 2.2.4 by 
Esri for analysis and visualization. 

1.1.Urban agriculture 

UA has various styles. UA is an umbrella term for agricultural activities on UF. First, general 
agriculture like conventional farming. It exists in many cities in Japan, and it is left as an isolated 
farmland [15]. However, there is no unique definition of in Japan, since the definition of the 
city is ambiguous [16]. Second, community garden. Community gardens have much more 
social significance than ordinary agriculture as raised primarily in happiness, educational 
opportunities, health etc. [17, 18]. Third, roof garden. The rooftop is a place that has the 
potential to make extensive use of agriculture even in cities [5], and is mainly used for personal 
consumption [19]. Fourth, vertical farming. It is agriculture inside a building, and vegetables 
are grown in an artificial environment. These forms of agriculture are still new and are expected 
to explore in the future [20]. 
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Of these various forms of agriculture, general agriculture, community gardens, and rooftop 
garden contribute to the green network. Above all, general farming and community garden are 
expected to be rainwater infiltration because they are cultivated on land. In addition, community 
garden and rooftop farmland can also be expected to be effective as places of recreation. 
Moreover, they all have the potential to contribute to biodiversity in the city. 

Therefore, in this study, we focused on general agriculture and community garden as UA. Most 
of the agricultural activities in the rooftop space are carried out as a hobby, and it is difficult to 
grasp the actual situation, and not so often in Japan. And we should mention that general 
farmland in urban is not strictly defined. In many domestic studies, farmland in urbanization 
promotion area is treated as UF in Japan [16], we also define UF as farmland in urbanization 
promotion area. 

1.2.Green Network 

A green space (forest, park, playground, farmland, wilderness) and a range of up to several 
meters surrounding it are defined as a space affected by the green space. First, green space data 
was created from the current land use. In this paper, based on the previous research on the 
linking of green space in the shrine space [21], we created 5 m and 25 m buffers around the 
green space. All adjacent buffers are integrated, and this is a single green unit (GU). It is 
assumed that 5 m is adjacent to a narrow road in a city. In addition, it is assumed that 25 m is 
adjacent to one building across. In order to investigate the spatial interpolation function to green 
networking of UF, we created another scenario which the farmland is absent, and no green 
space is included. We observe the contribution of farmland by these scenarios. 

2. STUDY AREA 

The target area is the Nogawa River basin, which flows in the central part of Tokyo Prefecture. 
The Nogawa River originates from the spring water inside the city, passes through residential 
cities, and extends to Tamagawa River in Setagaya City. Sengawa River is the largest branch 
of Nogawa River. The Nogawa River basin has 7316 ha, and most of the area is urbanized. 
There are many residential buildings, and apartments and commercial facilities are around the 
station, and detached houses are expanding in the suburbs. There are also several facilities such 
as universities and airports. 

3. RESULTS 

3.1.Urban agriculture 

In the Nogawa River basin, there are many farmlands (432.1 ha) and orchards (166.8 ha). Rice 
fields (1.2 ha) are found along the rivers (Figure 1 and Table 1). In the upper part of basin, 
integrated fields are left. This is a farmland that was developed during the Edo period, and 
although it is an urbanization promotion area, urbanization has not been promoted yet due to 
worse accessibility to a station. In the middle catchment area, accumulation of orchards is also 
observed because it’s far from the station. On the other hand, there are many farmlands in the 
downstream area. On the other hand, farmland is hardly found around the terminal station.  
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Figure 1. Farmland distribution in Nogawa River basin. 

 
Figure 2. Typical landscape of Japanese UA. 

Table 1. Farmland Scale in Nogawa River Basin. 

 Area(ha) Land Use Ratio (%) 

Farmland 432.1 5.91 

Paddy Field 1.2 0.02 

Orchard 166.8 2.28 

Cultivated Grassland 0.4 0.005 

In other words, the stage of urbanization has shifted from the central area of Tokyo (east side) 
to the west that is the suburb, and the farmland is more divided in east, and more concentrated 
in west. Also, when viewed on a smaller scale, development is progressing around the station 
and there is little farmland, but where the access to the stations worse the farmland is 
consolidated. 

In addition, while the median of mean slope is 0.84 degrees, there are few farmlands on flat 
area, and many are on loose slope. In addition, the area tends to be larger in ordinary fields than 
in orchards.  
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Figure 3. Green unit of two cases (5 m: left, 25 m: right), two scenarios (including and excluding UF). 

The number of paddy fields is small and the area per field is not large, and they are often found 
on loose slopes. 

3.2.Green network 

We show GU including and exclwuding farmland in 5m case and 25 m case. In the 5m case, 
the GU excluding UF was 972 ha, but it increased to 1,816 ha by including UF. In the 25 m 
case, GU excluding UF is 1,988 ha, but GU including UF is 3,578 ha. In both cases, the area of 
GU including UF is 1.8 times as large as excluding case. Also, there are differences in the 
upstream and mid-basin where there are many agricultural lands. In the upstream area, since 
farmland is accumulated, improvement of green network can be expected. Also, in the mid-
basin, large green areas are found in the eastern part, whereas green areas are dispersed in the 
western part, taking farmland into GU seems to be the key to networking. In addition, even if 
it is an independent farmland, it is expected that it may play a role to connect neighboring large 
green area units in large scale. 

4. DISCUSSIONS 

In this report, we investigated that distribution characteristic of UF and its roles for geographical 
networking. First, UF in the basin is unevenly distributed and fragmented, and has around 8% 
area in total in land use. Also, these UF is located in loose slope area. Second, taking these UF 
into GU could changes geographic condition of GU and connect greens.  

The decrease in UF [14] is strongly effected by social conditions as well as natural conditions. 
The factor of abandoning cultivation of farmland is different depending on the area [22], but 
the conversion of farmland in the city is mainly for residential land.  

The UF located on the slope is adjacent to the green space distributed along the cliff and could 
form GU with the green spaces on cliff. In addition, we can see GU with UF around large green 
areas. Since these green spaces are the main habitat in city, urbanizing UF may lead to 
a decrease in biodiversity. GU with concentrated farmland seemed to be able to create a large-
scale GU. There is also concern that this GU will have a single biotope type compared to other 
green fields. In addition, it is expected that the fields on the plateau will have function as 
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steppingstone green connecting green spaces. When this function would lose, each green space 
tended to become more isolated.  

In Nogawa River basin, rapid urbanization was observed from the middle of 1900s, and the 
green space decreased and became fragmented with the residential land development. As 
a result, ecosystem services such as supply services and biodiversity have deteriorated. On the 
other hand, due to the increase in demand for ecosystem services in recent years, a policy to 
expand green is being implemented. In particular, it has been suggested that raising the 
continuity of greenness will improve biodiversity and rain recharge etc. Rooftop greening and 
parks have been set up that embrace greenery networking. UA is also beginning to be positioned 
as one of these policies. 

However, although the continuity of green space is mentioned in many studies, the ecosystem 
service that the continuity brings is still not fully understood. Especially, urban areas are greatly 
affected by human activities, so ecosystem services cannot be evaluated by the simple index 
such as continuity of green space. We should consider diverse scales and diverse stakeholders 
from the diverse points of view. For example, the state of biodiversity differs depending on the 
distribution of green spaces and cities [23], and the evaluation of superiority is extremely 
difficult. 
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ABSTRACT 

Agricultural production consumes a lot of water. The concept of virtual water is used to assess the water demand 
for crop cultivation, which lays the foundation for water resources management and also lays the foundation for 
accounting for the water footprint generated by grain trade. On the other hand, the development of urban 
agriculture in the region will increase the consumption of water resources to a certain extent, and assess the water 
demand of local crop cultivation, which is of guiding significance for the development of urban agriculture. For 
these reasons, this paper uses CROPWAT to assess the cultivation water requirements of major crops in various 
cities in Japan. The results show that due to the different climates in different regions, the same crops require 
different water requirements. The crop with the most water demand is rice, 6401.25–9600 m³/ha. The least amount 
of water required for production is radish, 654.675–1134.3 m³/ha. Also, Niigata consumed the most water resource 
for the 12 main types of crop cultivation in 2017, about 1.64 billion m³. The Northeast of Japan consumed far more 
water for agriculture cultivation than the Southwest. 

Keywords: crop water requirement, Japanese cities, CROPWAT, water footprint 

INTRODUCTION 

The shortage of water resources around the world is becoming more and more serious. 
According to the analysis of Suez Environment Group, 40% of the world's regions will face 
a severe water shortage crisis in the next 30 years [1]. At the same time, unreasonable 
development and management have led to serious waste of water resources, global warming, 
and frequent flood and drought disasters have also aggravated the situation of water shortage. 
Japan is a country with abundant water resources, and water resources can achieve a stable 
supply. However, with the continuous expansion and development of urbanization and 
industrialization, population and industry continue to flood into coastal urban areas, which has 
brought tremendous pressure on urban water supply. Therefore, the direction of water resources 
utilization shifts from agriculture and hydropower generation to urban and industrial water use. 
Even so, unlike other developed countries, Japan’s agricultural water use is about 2/3 of the 
total water use, and water consumption is maintained at around 60 billion m³ per year [2]. 
Therefore, improving the efficiency of agricultural production water is an important way to 
alleviate water shortages and achieve water conservation [3]. 

Virtual water refers to the total amount of water consumed by crops in the production 
process [4]. Different types of crops consume different amounts of water in the production 
process. The same crops also consume different amounts of water because of different planting 
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environments. The emergence and development of the virtual water concept has made the 
research of water resources break through the geographical restrictions [5] and laid the 
foundation for water resources management and water footprint accounting. 

The assessment of crop production virtual water can be assessed using CROPWAT software, 
which uses the Penman model and is used by a wide range of research scholars to assess the 
water requirements of crop production in the region. There are few studies on the assessment 
of crop water requirements in Japan. Some researchers have calculated the water used for the 
production of one kind of food in the region, while no researches have calculated the water used 
for the production of multiple varieties of food in large areas and studied the influence of virtual 
water trade on regional water resources. This paper uses CROPWAT to assess the cultivation 
water requirements of major crops in various cities in Japan, including rice, rice, soybeans, 
cucumbers, radishes, carrots, onions, potatoes, tomatoes, cabbage, cabbage. Then, provide 
advice on the selection of regional vegetable varieties. 

1. DATA AND METHOD 

The research data mainly include meteorology, crop growth data and so on. Among them, 
meteorological data come from Japan meteorological agency, including rainfall, maximum and 
minimum temperature, average relative humidity, average wind speed, daily exposure hours 
and so on. Crop growth data mainly refer to document no. 56 issued by the United Nations food 
and agriculture organization [6] and JapanCROPs, including the planting date of crops, length 
of each growth stage and crop coefficient. The area under cultivation and yield of crops in each 
city are obtained through Japan's ministry of agriculture, forestry and fisheries. Monthly data 
for 2017 would be used to evaluate the production water requirements of major crops in various 
cities in Japan. 

Although the sowing date and growth days of main crops in each city are different, there is no 
officially unified data. Therefore, in the assessment of crop water requirement, it is assumed 
that the sowing date, harvest date, number of days of growth and the date of each growth stage 
of the one crop in each city in the season are the same. The actual planting date and growing 
period of the crops may be slightly different from the data mentioned in the paper. Also, the 
same crop planted in different seasons varies in planting date, growing period and harvest time. 
In terms of meteorological data, the paper fully considers the climate differences between cities. 

Based on existing meteorological and crop growth data, CROPWAT software was used to 
measure crop water requirements in Japanese cities. By inputting the geographical location 
parameters of the weather station and the meteorological parameters into the model, the water 
demand of the reference crops per month can be calculated. Using statistical methods, the water 
demand for each crop is calculated, which provides a basis for cities to improve water use 
efficiency and measure water footprint. 

1.1.Reference crop water requirement 

Reference crop water requirements are calculated using the Penman formula: 
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Table 1. Farmland Scale in Nogawa River Basin. 

Crop Sowing date Harvest date  Growth days  

rice 04-01 08-30 150 

wheat 04-18 08-07 109 

bean 05-19 10-01 132 

tomato 04-01 08-15 135 

carrot 03-21 06-30 100 

potato 04-01 07-15 105 

onion 05-01 07-30 105 

radish 04-01 05-05 35 

cucumber 06-01 09-15 105 

cabbage 06-01 09-30 120 

Table 2. Farmland Scale in Nogawa River Basin. 

Crop Initial stage Develop stage Mid-season stage Late-season stage 

Rice  60 (1.1) 60 (1.05) 30 (1) 

Wheat 13(0.35) 22 (0.75) 47 (1.15) 27 (0.45) 

Bean 24 (0.35) 36 (0.7) 48 (1.10) 24 (0.3) 

Tomato 30 (0.45) 40 (0.75) 40 (1.15) 25 (0.8) 

Carrot 20 (0.45) 30 (0.75) 30 (1.05) 20 (0.88) 

Potato 25 (0.45) 30 (0.75) 30 (1.15) 20 (0.85) 

Onion 25 (0.5) 30 (0.75) 30 (1.05) 20 (0.85) 

Radish 5 (0.45) 10 (0.6) 15 (0.9) 15 (0.9) 

Cumcumber 20 (0.45) 30 (0.7) 40 (0.9) 15 (0.75) 

Cabbage 20 (0.45) 25 (0.75)  60 (1.05) 15 (0.9) 

Note: the data before parentheses are the number of days at the corresponding stage (unit: d), 
and the data in parentheses are the crop coefficients at the corresponding stages. 
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Where ET0 is reference evapotranspiration (mm/day); 

Rn the net radiation at crop surface (MJ/(m²ꞏday)); 

G the soil heat flux density (MJ/(m²ꞏday)); 
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T mean daily air temperature at 2 m height (°C); 

u the wind speed at 2 m height (m/s); 

es the saturation vapour pressure (kPa); 

ea the actual vapour pressure (kPa); 

∆ the slope vapour pressure curve (kPa/°C); 

r the psychrometric constant (kPa/℃). 

1.2.Actual crop water requirement 

Actual crop water requirement are calculated using the formula: 

 0c cET K ET   (2) 

Where ETc is crop water requirement (mm/d); 

Kc the crop coefficient (dimensionless). 

2. RESULT AND CONCLUSION 

This paper estimates the water requirements of major crops in Japanese cities, including rice, 
wheat, potatoes, tomatoes, spinach, Chinese cabbage, cabbage, beans, radishes, carrots, Onions 
and cucumbers. In 2017, the average water demand of major crops in Japan was 118.02–
823.68 mm, and the average water requirement from high to low was rice, onion, tomato, 
soybean, wheat, Chinese cabbage, potato, carrot, cucumber, cabbage, spinach and radish. 

According to the analysis of production data of crops, in 2017, the city with the most water 
requirement for crop cultivation in Japan was Niigata, about 1,643 million m³, followed by 
Akita and Hokkaido, respectively, with 1.150 million, 1.134 million. The main reason for the 
high water requirement for urban crop cultivation is that the total cultivated area of crops in the 
city is large or the cultivated area of high-water-consuming crops in the city is large. For 
example, in Niigata, the city with the most water requirement for crop cultivation in 2017, the 
rice cultivated area is much larger than that of other cities, while the Hokkaido area is due to 
the high cultivated area due to the large cultivated area. 

So far, this paper has only measured the water requirement of the main crops in Japanese cities, 
and has not combine rainfall to measure the irrigation water demand of crops in cities across 
Japan. Currently, only the irrigation water demand in Hokkaido is measured. Among them, due 
to the particularity of rice cultivation, the irrigation water requirement of rice during planting 
is generally slightly larger than the production water requirement. In addition to rice, the crop 
with the most irrigation water requirement is potato, about 153.70 mm, and the crop with the 
least amount of irrigation water is radish, about 4.1 mm. In the final analysis, virtual water trade 
is still a food trade. Combined with the agricultural trade data of the wholesale market of each 
city, the water footprint in the grain trade can be measured, so that it can be known whether the 
production water efficiency in the region has been improved. In addition, when developing 
urban agriculture, local crops can also be selected according to the production water 
requirement of the crop. 
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Table 3. Statistics on growth period water requirement of main crops in Japan. 

Crop Minimum, mm Maximum, mm Mean, mm 

Rice 640.13 960 823.68 

Wheat 352.33 516.98 442.58 

Bean 366.53 602.27 485.39 

Radish 106.03 135.65 118.02 

Onion 519.77 734.06 668.66 

Cucumber 261.96 430.56 327.25 

Carrot 289.98 433.92 363.32 

Potato 207.34 457.56 332.04 

Tomato 412.19 614.56 473.41 

Spinach 104.14 169.43 132.18 

Cabbage 240.14 410.46 322.04 

Chinese cabbage 332.51 461.12 370.60 

 
Figure 1. Total water requirement of main crops in Japanese cities. 
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ABSTRACT 

This study analyzed the food environment in metropolitan suburban Tokyo, Japan, to clarify the spatial mismatch 
between supply and demand for food as a kind of gaps. In recent years, Japanese society is shrinking because of 
aging and population decreasing. This phenomenon increases the number of elderly people without mobility in the 
car-dependent society. And at the same time, as a result of pursuing economic rationality, stores has being 
consolidated to populous areas so that food environment, in particular the accessibility to grocery shops has being 
deteriorated. This study developed a model to assess the accessibility of grocery stores, and food environmental 
gaps by analyzing the spatiotemporal change of accessibility in suburban town of Tokyo Metropolitan. A foodshed 
is defined as the area where a resident can access the grocery store within 5 minutes by walk, and a model that 
considers physical load relative to customer age and topographic slope is developed to calculate the foodshed. The 
result shows that (1) the choice of grocery store is related to its location, and there is a gap in the area of 1000 to 
1500m from a railway station, (2) there is a difference of the foodshed with type of urban development. These 
findings could serve as a reference in policy discussions for solving the food accessibility problem in shrinking 
society. 

Keywords: foodshed, gap analysis, GIS, shrinking society 

INTRODUCTION 

Japan’s population peaked in 2008 and turned to decline, becoming a shrinking society. At the 
same time, the declining birthrate and aging population are progressing. The concern with these 
issues is the decline in the quality of life. 

One example is the issue of access to grocery stores. Population decline reduces the absolute 
amount of demand and increases the ratio of service maintenance costs to store profits. Also, 
the declining birthrate and aging population shift the center of demand from young people to 
elderly people. Due to the decline in physical ability, the daily living area of the elderly is 
narrow, which reduces the demand for shops and services in the conventional daily living area. 
As a result, there is a possibility that the local small supermarkets and shops will be closed. 

Furthermore, when there are no more stores in the daily life area, use of large stores by private 
cars will increase. Furthermore, the demand for shops and services in daily life areas is reduced. 
After several decades, the number of elderly people is higher than now, and the number of 
people who can not drive a car for reasons such as return of licenses increases. However, the 
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convenience would be very bad at that time because small supermarkets and shops were not in 
the daily life area. 

Therefore, the problem of access is the problem of spatial mismatch between the elderly without 
mobility and the stores that can not stand the low demand and withdraw in a car-dependent 
society. This problem is a problem that produces a negative spiral. 

In this research, we analyzed the change over time and space about the decrease of the store as 
a foothold to consider this problem. In this analysis, we used data from five periods since 1998 
to visualize the number of stores that can be accessed on foot. This clarified where food access 
problems occur spatially. The grocery store is the store that sells fresh food. 

1. QUANTITATIVE EVALUATION 

The attributes of people who live in the city are diverse, and the food demand varies depending 
on their attributes [1–2]. It has become clear that these people need options that can access 
diverse food needs in order to enjoy the same high-quality diet [3]. In other words, it is one of 
the conditions of a good food environment to have various food options that correspond to the 
various needs of the various residents living in the city. Therefore, in this study, the number of 
options for food stores was evaluated. 

As a method of evaluating walking access while also considering physical load, many studies 
have focused on energy expenditure [4–5]. Thus, in order to consider physical load, we used 
the metabolic conversion distance instead of actual distance to calculate the area of a delivery 
desert, with reference to previous studies [6–7]. The metabolic conversion distance is the actual 
distance calibrated with consideration of the physical load when walking. Parameters to 
calculate physical load include, walking speed, body weight, and basal metabolic rate by age 
as the attributes of pedestrians, and road slope as an attribute of roads. This is based on the 
assumption that the walking speed differs based on the pedestrian’s age, basal metabolic rate, 
and the amount of energy required per day per unit of body weight. The population accessible 
to convenience stores was obtained by conducting a service area analysis using metabolic 
conversion distance and estimating the population size living in the reachable area (a 5-minute 
walkable area, as mentioned above). The calculation of the metabolic conversion distance is 
shown below. The variables used in the following formulas are summarized in Table 1. 

The metabolic conversion distance (L) is obtained by multiplying the actual distance (l) by the 
walking load (R) which takes into account elements such as the slope, then divided by walking 
load when the road is horizontal (R0) [7]. 

 
0

l R
L

R


  (1) 

Next, walking load (R) is “the energy consumption when walking from a certain point to a 
destination point divided by the energy necessary for one day” [6]. Energy consumption by 
walking (E) is expressed by the following equation: 

 ( 1.2)E RMR BMR W T      (2) 
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Table 1. Symbol legend. 

Variable Description Units 

R Walking load — 

E Energy consumption kcal 

L Metabolic conversion distance m 

RMR Relative metabolic rate — 

BMR Basal metabolic rate kcal 

W Weight kg 

T Walking time min 

a Estimated energy requirement of day per weight kcal/kg/day 

L Length m 

v Walking speed m/min 

S Slope % 

Relative metabolic rate (RMR) represents the influence of topography such as road slope. 
Relative loads are indicated by the value of (RMR + 1.2), where the constant 1.2 is the resting 
metabolic rate during daytime life. Basal metabolic rate (BMR) × body weight (W) is basal 
metabolism and represents the minimum amount of energy required to maintain human life for 
one day. Because these differ depending on age and body weight, the equation is as shown 
above [8]. In addition, the influence of age is reflected in the movement time (T) as a decrease 
in walking speed (v). 

 
E

R
a W




 (3) 

   1
1.2R RMR BMR W T

a W
     


 (4) 

   1 1
1.2R RMR BMR

v a
      (5) 

The rate of relative metabolic rate (RMR) varies with the slope (s) and the walking speed (v). 
Research in the past used the walking speed for each age group to substitute for the above 
moving speed (T), while in the calculation of the energy metabolic rate, many studies 
substituted 80 m/min, indicating that the accuracy was not necessarily high. Therefore, based 
on previous studies that fully consider the continuity of the function, this study calculates using 
the following formula [6], [7]: 

- when v = 80 m 

    ,  80 10.0   0.25RMR s s     
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    ,  80 58.07 4.52   0.25 0.11RMR s s s        

    4.614,  80 3.113    0.11 0.25sRMR s e s      

    ,  80 10.0   0.25RMR s s    

- when s = 0 

   0.02460,  0.4366 vRMR v e   

This is assigned to the following equation: 

      ,  80 0,  0,  80RMR RMR s RMR v RMR     

The metabolic conversion distance can be calculated from the above equation. 

2. CASE STUDY 

2.1.Features of Study Area 

The Japanese population made a significant transformation from rural areas to large cities in 
the 1960s and 1970s due to labor demand in urban areas. To meet the enormous demand for 
housing, a policy of ownership with a focus on own-construction was promoted so that 
suburban areas were rapidly converted to residential areas by the private sector [9]. Examples 
in Tokyo include Tama New Town and Tama Garden City, but for this study, we focused on 
residential area of Yokohama City. The target area is approximately 3 km long × 5.5 km wide, 
including the area developed and sprawled. There is typical Japanese suburban residential area. 
Especially the development area is known as a popular residential area in the metropolitan area. 
The development has received high reviews, having been awarded the 1987 Architectural 
Institute of Japan Award, the 1989 Green City Award (Prime Minister’s Prize), and the 2002 
Japan City Planning Society Award (Ishikawa Prize).  

On the other hand, problems in car-centered urban development and residential land formation 
remote from the city center in anticipation of land price escalation are becoming apparent with 
the aging of the town [10–11]. The Aoba Ward is located on the Tama Hills, with steep slopes 
as shown in Figure 1. The slopes are a challenge for elderly persons to walk if they have to 
surrender their driving licenses. In response to this, Tokyu Corporation, the developer of this 
area, and the municipality of Yokohama initiated a citizen participatory project, entitled 
Community Development for Next Generation of Suburban Town. 

2.2.Target stores 

There are several studies focusing on living related facilities for suburban residential areas in 
Japan, and the relationship between the development method and the occurrence of regional 
facilities has been clarified, the summary of the occurrence of regional facilities around the 
railway station, the suburbs What analyzed and patterned the secular change of the regional 
facilities in the residential area[12–15]. On the other hand, accessibility has not been 
sufficiently examined in these studies. Therefore, this study focused on the analysis of the 
relationship between the change in store location and the accessibility. 
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Table 2. Parameters for metabolic conversion calculations. 

Age v (m/min) BMR (kcal/kg/min) a (kcal/day) 

Over 70 56.22 0.01465 36.67 

2.3.Managing Data 

In calculating the metabolic conversion distance, we used the coordinate data of the stores, the 
store data, and road data for considering the physical load. 

For store data, We used Zenrin’s Zmap TOWN II from CSIS, the University of Tokyo. Among 
these, there is nameplate data, and after discrimination by Python from here, discrimination was 
further conducted visually. 

Road section data considering physical load was created from three types of data: section 
length, slope, and physical load by walking. The road section data originates to the road center 
line data of the digital National Base Map. In addition, in order to calculate the slope of each 
road section, first, the 5 m grid Digital Terrain Model by the Geographical Survey Institute was 
set to the end points of each section of the road center line. Then the slope was calculated for 
each section. In order to reflect the average Japanese physical ability, the parameters shown in 
Table 2 were adopted from the report updated by the Ministry of Health, Labor and Welfare 
every five years [16]. 

Based on these, we calculated the metabolic conversion distance for each road section and 
estimated the number of store choices by using “Service Area Analysis,” an ArcMap tool for 
network analysis. 

3. RESULT 

The relationship between the distance to the nearest station from each house and the number of 
grocery store options was analyzed using the K-means method, an unsupervised clustering 
method, using python. The results shown in Fig. 1 were obtained as a result of setting the 
number of clusters appropriate for the previous analysis. First of all, the number of options was 
initially at a maximum of 12 stores, but it is decreasing year by year. Also, initially there were 
the most grocery options available in the area 2500 m to 3000 m from the station. After that, 
the number of stores around 1500 m has increased slightly. Furthermore, it became clear that 
there were few food store options from around 1000 m to 1500 m. 

4. DISCUSSION 

From this analysis result, it has become clear that the number of stores that can be accessed by 
foot is decreasing overall. Looking at the details, first of all, the choice is decreasing rapidly in 
the area 3000 m from the nearest station. In this area, there are many application areas where 
commercial facilities can be located, and there are many small-scale private stores such as shops 
and liquor stores, but it is thought that the decrease due to overconcentration on large stores in 
front of the station. Then there was an increase in grocery store options in the 1500 m zone. 
This seems to be related to the opening of a convenience store at the roadside store.  
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Figure 1. Clustering the number of food choices and the distance (m) from each residential station 

(From upper left: 1998, 2003, 2008 From lower left: 2013, 2016). 

Furthermore, the area between 1000 m and 1500 m consistently has fewer options than 
originally. There are many low-rise detached residential areas in this area, and many places are 
designated as restricted areas where the opening of stores is strictly restricted. And as the 
number of accessible stores increases as the station is approached, it is considered that this is 
because the station front is defined as a commercial use area. 

However, some limitations should be noted regarding this study. Because I could not use high-
precision data. For the location data of the store, Zenrin’s Zmap TOWN II obtained from the 
University of Tokyo CSIS was used. However, it was found that there were no supermarkets or 
convenience stores that should be located in the station building. We left a challenge in accurate 
data maintenance of food stores in large commercial facilities. In addition, in this study, it was 
possible to go back only to 1998 due to the data improvement. In the future, it is necessary to 
proceed with work such as digitizing paper maps. 

5. CONCLUSION 

In this study, with the purpose of making it possible to view the change in the number of stores 
in the residential area on the outskirts of a large city in space and time, we take up part of the 
Tama rural city and its surroundings The We evaluated the transition of the number of 
accessible food stores and considered the factors. 

It has become clear that the number of accessible grocery store options in the area is reduced 
compared to the past. This is considered to be due to the decrease in small stores. In addition, 
cluster analysis of the distance from the station and the number of choices of accessible grocery 
stores showed improvement in the food environment such as an increase in the number of 
choices in the zone 1500 to 2000 m from the station. On the other hand, it was revealed that the 
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number of food options did not increase in the zone of 1000 m to 1500 m, and it was the lowest 
value in the area. There are many detached housing areas formed in the early stages of 
development in this area, and it is thought that problems with food access will be exposed as 
the population ages. 
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ABSTRACT 

It has been nearly 15 years since the Japanese government issued Food, Agriculture and Rural Areas Basic 
Planning for promoting farming in and around urbanized area in 2005, however, as a main resource for farming, 
farmland has been decreasing for years in Kanto region, especially Tokyo Metropolitan Area (TMA). The tendency 
may not stop in near future, and farmland loss in different zones of urban area are expected to be different in both 
pattern and factors. This research is focusing on farmland loss in Urbanization Promotion Area (UPA) and out of 
UPA respectively in suburbs of TMA, and clarifying how the factors influence farmland converted to built-up area 
and farmland abandoned in these zones. In detail, index of conversion--development level sector and index of 
abandonment--farmers sector are identified, and processed across 3 period intervals from 2005 to 2018, by using 
spatial econometrics analysis methods. As preliminary result, spatial pattern of farmland loss is confirmed as 
clustering, and is concentrating in TMA. And the cluster pattern is getting weak gradually as time goes by. Besides, 
99 out of 346 municipalities in TMA have high farmland loss rate, and farmland loss in UPA is concentrating in 
core part of TMA within a 40km-semidiameter which is spatially correlated with degrees of urbanization. In next 
stage, explanatory variables will be filtered and Geographically Weighted Regression (GWR) model will be 
applied to identify factors of farmland loss in each kind of zones. 

Keywords: farmland loss; socio-economic factor; spatial data analysis 

INTRODUCTION 

Tokyo Metropolitan Area (TMA) is located in the south of Kanto region. Farmland in Kanto 
region mainly located in north and the east of TMA. 

Then, from 1999 to 2009 MAFF urged the country to promote farming in both urban and other 
areas for three times through legislation and amendment of The Basic Law on Food, Agriculture 
and Rural Areas. And in 2015, farming in urban for the first time gained national support 
according to Basic Act on Promotion of Urban Agriculture. Despite the rapid development of 
other farming patterns in urban area, such as facility farms, house yards, green walls and rooftop 
gardens, farmland is still taking a substantial role in the agriculture industry. This importance 
can be seen in Amendment of Productive Green Space Act 2017 which made it easier for 
farmers to keep a PGZ and also for residents to register one. However, 2022 will be the first 
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expiration of PGZs registered in 1992 right after the new law, and because of aging of farmers, 
there is a possibility that most of those protected farmlands in UPA will no longer exist. 

At Japan’s national level, 44% of farmland loss went to abandoned cultivated land while 55% 
of that went to built-up area. (2011, MAFF) In TMA, farmland converted to built-up area can 
be more than that to abandoned cultivated land. On the other hand, population of some 
municipalities in TMA, especially in suburb and peri-urban area, began decreasing for years 
and some others are facing their peaks, while, the trend of farmland loss speaks no difference. 
So, the question is: what factors besides population contribute to farmland loss in and around 
TMA. 

In TMA, farmland has been decreasing for years and the tendency may not stop in near future: 
In some place with population increase, farmland is converted to built-up area because of high 
land price and needs of development. In other places with population decrease, farmland is 
abandoned due to aging of farmers and lacking of successors or labors.  

In TMA, location of farmland is decided by its zoning system: Some farmland is located in 
Urbanization Promotion Area (UPA) 1 . Farmland in this zone tends to be converted to 
urbanization development. Productive Green Land (PGL)2 as protected farm is designated in 
this area, but it could be converted either. Other farmland is located out of UPA (Urbanization 
Control Area (UCA)3 and non-urban-planning area4). Farmland loss in this zone tends to be 
abandonment. And the shorter distance to Densely Inhabited District (DID) 5  the more 
abandonment. 

1. WORK DONE AND RESEARCH SIGNIFICANCE 

Li, J. Yonghui, Z. (2016) applied The Microeconomic Theory of Land Use Change to frame 
their study on regions in China. But that theory describes the urban development of agricultural 
land as the outcome of decisions made by individual land users who attempt to maximize the 
expected profits of individual land parcels [1] which is more suitable for Japan with private 
land ownership. This study will use it for reference and hope to get more reasonable results. 

Masayoshi, T. (2009) studied diversion of farmland only inside of UPA [4] which just share a 
small proportion in all farmland in metropolitan region. While, Yoshiyuki, I. (2008) only 
analyzed factors of the farmland diversion for parking field or dump-site in suburban area [5] 
with limited variables. This study will include farmland in and out of UPA, and apply different 
socio-economic data such as agricultural expenditure, land price, etc. to develop an analytical 
approach and give out land management suggestions. 

 
1  Urbanization Promotion Area, including both built-up area and area where building is encouraged in future 

10 years. 

2  Some farmland in UPA, protected from land use transition with conditional preferential treatment including 
lower tax rate and grace period for tax payment. 

3  Urbanization Control Area, including both strictly conserved area and area where building is strictly limited. 

4  Places inside of administrative region but out side of UPA and UCA. 

5  Densely Inhabited District, at least 2 community blocks, population density is above 4000 people per km2 and 
population is above 5000. 
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Lastly, this research could help to improve land management in metropolitan areas. By showing 
interlinkages between socio-economic data and farmland loss in a complicated social context 
of Japan metropolis, it will give empirical model to research of land use in developing countries. 

2. RESEARCH HYPOTHESIS 

Ratio of farmland being converted to built-up area in UPA is spatially clustering. Because 
pursuing more profit needs scale merit which is supported by: urbanization level, population 
density, land price, station accessibility and so on.  

Ratio of farmland abandonment out of UPA tends to be spatially random and has correlation 
with aging, lacking of labors for cultivation. 

3. RESEARCH OBJECTIVE 

To identify socio-economic factors which are correlated with farmland loss in and out of UPA 
respectively by using Geographically Weighted Regression (GWR)1 model. 

To give suggestions to cities’ land resource management. 

4. RESEARCH FRAMEWORK AND METHOD 

About 300 municipality samples with different distance to central city in suburb and peri-urban 
area of TMA will be picked, including 11 out of 23 special districts and 26 cities in Tama area 
of Tokyo, 7 wards in Kawasaki City and 18 wards in Yokohama city of Kanagawa Prefecture, 
and 6 wards in Chiba City of Chiba Prefecture. Response variable is variation of farmland, 
while explanatory variables will be from farmland conversion sector and farmland 
abandonment sector. 

5. RESULTS AND DISCUSSION 

About 300 municipality samples with different distance to central city in suburb and peri-urban 
area of TMA will be picked, including 11 out of 23 special districts and 26 cities in Tama area 
of Tokyo, 7 wards in Kawasaki City and 18 wards in Yokohama city of Kanagawa Prefecture, 
and 6 wards in Chiba City of Chiba Prefecture. Response variable is variation of farmland, 
while explanatory variables will be from farmland conversion sector and farmland 
abandonment sector. 

5.1.Find out spatial pattern of farmland loss—Clustered 

Concluded by Moran I test based on spatial adjacency matrix (Delaunay, 1934) with location 
of each municipal office. All the P-value are 2.2e-16 and Maron I statistic is 0.343 of 2005–
2010, 0.339 of 2010–2015 and 0.259 of 2015–2018 respectively. So, the significance of 
a positive correlation between farmland loss ratio and space is confirmed. And with comparing 
three time period intervals, these cluster pattern of farmland loss is getting weak. 

 
1  Geographically weighted regression, which is a spatial econometric model for estimating regression models 

with spatially varying relationships. When study on interaction between variables from specified municipalities 
in TMR, the spatially non-stationary between samples will be considered. 
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Figure 1. Flow of farmland loss. 

Table 1. Explanatory variables. 

Conversion sector Description 

Population Density Population / administrative area (people/km2) 

Households member Population / households (people) 

Land price Average residential official land price (thousand Yen) 

Net Migration Net Migration Rate (%) 

PGL designation rate PGL/ farmland in UPA (%) 

New development Number of Newtown development in the region (Num) 

GDP per capita (thousand Yen/people) 

Distance to station (km) 

Abandonment sector  

Farm households Number 

Farmers age Farmers above 65 years old / all farmers (ratio) 

Farmers income Real estate income / farm household income (ratio) 

Farmland above 500 m2 Number of farmland above 500m2 / Number of farmland (ratio) 

Non-farm households Land holding by non-farm households / all farmland (ratio) 

Distance to DID area (km) 
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Figure 2. Research framework and method. 

5.2.Preliminary sample grouping by degrees of development 

Mean population density is 3870 people/km² and mean Net migration rate is 0.18%, according 
to which, 346 samples can be divided in to A, B, C, D, 4 groups. The target is to compare with 
spatial pattern of farmland loss by using degrees of development in the range of TMA. 

6. FUTURE WORK 

Complete data collection of all 346 samples. 

Follow research framework to filter out significant factors, and take commonality and similarity 
within study cities into consideration. 

Analysis spatial pattern of farmland loss both in UPA and out of it within group A, B and C. 

Validate these two kind of farmland loss respectively through Geographically Weighted 
Regression. 
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Figure 3. Grouping plot of samples. 

Table 2. Correlation between degree of development and farmland loss. 

Group Number Population 
density 

Net migration Mean 
farmland loss 

rate 

Group 
farmland loss 

rate 

Farmland in 
total (km²) 

A 99 High High –6.1% –4.8% 203.4 

B 18 High Low −3.5% −2.4% 48.5 

C 74 Low High −2.6% −2.4% 1634.4 

D 159 Low Low −3.1% −2.1% 3936.3 
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Figure 4. Spatial cluster feature by development. 
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ABSTRACT 

Due to a financial shortage of construction, the Korean government had adopted a pre-sale system to increase 
housing supply since 1970s. Some experts and many citizens have argued that the pre-sale system made 
considerable problems such as shoddy construction, incomplete information on the unit, etc. Recently, the Korean 
government announced that the public developers should sale the newly built apartment after completing 
construction from 2020. The purpose of this study is to provide policy implications for an appropriate post-sale 
system of Korea by reviewing the lessons of foreign countries and the past experience of Korea’s trial of post-sale 
system. Specifically, we examined the pre-sale and post-sale cases in Singapore, Hong Kong and Japan. We also 
review the literature and the past policy change related to the post-sale system in Korea. The main findings can be 
summarized as follows. Firstly, few countries are having the mandatory post-sale system, and they supply new 
apartments for the first time by applying a similar method to our pre-sale system as needed. Secondly, a stable 
construction financing system is essential to maximize the effect of the post-sale system. These results suggest 
that it is not necessary to enforce the post-sale system to all cases. In addition, it is essential to have an inexpensive 
and stable financing system for settlement of the post-sale system in Korea. 

Keywords: post-sale, pre-sale, housing supply, apartment, Korea 

INTRODUCTION 

Korea has applied a pre-sale system to the new housing market since the 1960s. Pre-sale refers 
to a developer selling a residential unit in a development prior to completion of the unit or even 
before its construction (Li and Chau, 2019). The government could increase housing stocks and 
buyers could get capital gain by resaling of the underpiced pre-sale apartment. In addition, the 
constructors don’t need to prepare whole funds because buyers should make an intermediate 
payment. It could meet the needs of 3 players: government, buyers, and constructors. That’s 
why they agreed with the pre-sale of Korea. The system worked well in the past when large-
scale of housing supply was needed.  

At present, Korea’s housing supply ratio (the number of housing units to the number of 
households) is 103.3% (KOSIS, 2017). Housing stock is enough to quit pre-sale system. In 
contrast, the number of housing units per thousand residents in Korea is still low, 395.0 in 2017. 
It is 450.1 for Japan in 2005. The UK was at 438.7 in 2009 and the US was 409.8 in 2010. 
While the population increasing rate is getting decreased, it matters whether the pre-sale system 
adopted for the promotion of housing supply is necessary or not. 

 
© Jo Younhee, Yoo Ji Hyeon, Kim Jin Yoo, 2019 
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Since the early 2000s, there has been a debate on the introduction of the post-sale system. And 
in 2019, the Korean government is trying to change the pre-sale system to post-sale system. 
The government intends to induce a step-by-step post-sale so that can minimize social side 
effects. The present government has announced a supportive policy for the private housing 
constructor. The contents are supply of the public residential land on condition of post-sale and 
additional support of Korea Housing & Urban Guarantee Corporation (HUG) to induce the 
post-sale system. On the side of buyers, the government will support intermediate payment 
when they contract post-sale apartment. 

There are many kinds of research on the domestic pre-sale system, but a few papers are 
suggesting foreign housing sales policies. Researches on the reasons of failure in application of 
a post-sale system in the past were also insufficient. We need more study to derive policy 
implications so that the post-sale system can be well adopted and implemented sustainably in 
Korea.  

In this study, we analyze the changing process of the housing sales system of Korea for 
4 decades and look through the background and effects of the change. Chapter 1 reviews the 
previous studies related to the post-sale system. Chapter 2 explains Korea’s effort to implement 
the post-sale system. In addition, we introduce cases of the post-sale system applying in the 
public sector. Chapter 3 investigates overseas housing sales policies: Singapore, Japan, and 
Hong Kong. Chapter 4 describes experts’ opinion when Korea is switching to the post-sale 
system. Finally, Chapter 5 summarizes the main results and proposes policy implications. 

1. LITERATURE REVIEW 

There have been many studies on the introduction of post-sale and the domestic housing supply 
system in the past. However, there have been a few cases of paper including overseas cases. 
The in-depth comparison research between domestic and foreign countries after H. A. Kim and 
H. W. Kim (2004) and the Ministry of Land, Infrastructure and Transport (2005) was 
insufficient. This study is differentiated by examining the housing system of neighboring 
foreign countries, providing the policy implications necessary for the adoption of post-sale in 
Korea.  

Yoon (2003) suggested that it is not necessary to stop the pre-sale and it should be left to the 
market. In the financial system, the proportion of construction support need to be increased as 
selected housing projects, thereby lowering the percentages of consumer intermediate payment. 
Thereafter, there were more articles on the financial system. Oh (2004) stated that financial and 
non-financial management are necessary to introduce post-sale system. In financial 
management, it is necessary to examine the Debt Coverage Ratio (DCR) and to manage the 
housing price. In non-financial management, it is essential to manage the risk of the developer, 
marketing, institution, construction and financial environment. Lee (2008) compared each 
housing sales policies through actual development cases. PF, asset securitization, REITs, and 
real estate funds should be utilized to settle post-sale.  

Since then, the government has announced introduction of the post-sale system again. Recently, 
Jang (2017) summarized the history of housing sale in Korea and wrote the main discussions 
on the mandatory post-sale system. He argued that these issues should be discussed sufficiently 
when it comes to improving housing sale policies; whether the Project Financing system plays 
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a role as construction fund raising tool for the developers, whether it creates enough incentives 
to private developers by first supplying public land and giving the loan for the post-sale sector, 
whether the buyers could check the quality of house before its completion. Kim (2017) studied 
the effective financial support system. Specifically, he has proposed ideas like establishing a 
housing fund for post-sale and how to enhance PF loan credit with financial techniques. In 
addition, Lee (2018) presents how to manage the systemic-risk, support business sites 
experiencing liquidity risk and develop a new item for post-sale. And it was about a guarantee 
system for unsecured mortgage loans.  

In terms of concern on post-sale, Son (2018) has come up with major problems. Specifically, 
housing supply is expected to decline, and housing prices will rise and consumer risks will 
increase. Also, there may be a problem between buyers and sellers associated with the capital 
gain through changing sales system. The proposed improvement measures are as follows. 
Financial support policies should be complemented to increase the financing capability of 
housing suppliers. Besides, there is a need for social consensus that capital gain could be 
managed by the state, not consumers or suppliers. Buyers can’t support them with funds like 
intermediate payment during the construction, so this should be discussed.  

However, when we look the total project cost, Kim (2018) analyzed that it is obvious that the 
post-sale increases financial cost, but a significant portion of the sales cost is saved. As a result, 
the sale price increased 3.2%, but the actual increase in consumer debt was from 0.1% (post-
sale at 80% construction) to 0.03% (post-sale after 100% construction). In December 2017, 
compared to the pre-sale, Korea Investors Service analyzed that the size of PF loan and the cost 
of financing increase about twice in case of the post-sale. However, it is possible to reduce the 
costs associated with pre-sale, such as sample house construction costs, sample house lease, 
and construction guarantee fees. Therefore, in order to activate the post-sale, it is necessary to 
provide an adequate complementary system for buyers such as new financial products and 
services. 

The main content of the previous research was on the financial system, expected effects, how 
to manage housing sale system. We could see that financial support is prior to other policies. 
The following table shows the pros and cons of the pre-sale and post-sale from the perspective 
of buyers and builders. 

Despite these researches, there is a few research on the reasons why the past government had 
failed to adopt post-sale. As we are re-introducing post-sale, we will review closely at the reason 
for the failure in the past and suggest well-implement. 

2. KOREA’S HOUSING SALES POLICIES 

2.1.Debate on introduction of a post-sale system in Korea 

2.1.1. Existing Korea’s housing sale system 

A pre-sale system which can supply housing in a short period has been promoted to cope with 
the increasing housing demand. It helped to lighten the financial burden of developers because 
of the regulations on apartment sales introduced in 1977. This is a system that can supply a large 
amount of housing more efficient way when the housing finance system is insufficient.  
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Table 1. Housing sale system on buyers side and builders side. 

 Buyers Builders 

Pre-sale 

Relatively low sale price 
Enough period for buying a house 
Possibility of speculative demand 

Long time to move in 

Reducing the burden of making money before 
construction by receiving the fund from buyers 

Less concern about unsold housing 

Post-sale 

Expanding the choice of buyer 
Relatively short time to move in 

Low demand speculative 
Prevention the risk of bankruptcy of 

construction companies 
Increased a new housing sale price 

Funding burden of housing supply 
Concerns about unsold housing after complete 

construction 
Danger to small and mid-sized construction 

companies to enter housing market 
Cost reduction of sample house installment 

Enough funds for construction and low risk of 
stopping it 

Since buyers pay the deposit for contract and intermediate payment, it is easy to enter the 
housing market without funding or government assistance even if companies don’t have enough 
funds for construction. As mentioned, it contributed greatly to the improvement of housing 
supply ratio in the past. However, side effects were raised such as speculation of pre-sale rights 
in the real estate market and the risk of illegal trading due to the payment of the purchase price 
before the construction (Lee, 2018). There has been a debate on the transition to a post-sale 
system since in the early 2000s. 

The government announced a plan of post-sale apartment on February 3, 2004. The main points 
are summarized as follows. 

Public sector had implemented pilot project about the post-sale since 2004, and in 2011, the 
public sector had to be sold after 80% of the completion of the process. For private developers, 
it has been included in support of HUG and supply of public land by priority since 2004. 
Besides, as a financial support plan, the government decided to support project financing and 
product development to support construction funds and alleviate the risk burden on private 
developers.  

However, the Ministry of Land, Infrastructure and Transport (MOLIT) decided to postpone the 
implementation (MOLIT, 2007). The reason was that expected the number of sales would 
decrease considerably. After that, the post-sale system had not been implemented due to the 
global financial crisis. If the post-sale system had been enforced continuously during the global 
financial crisis, Korea would have faced serious problems as follows. More new houses would 
not have been sold even after the construction. More housing constructors would have 
experienced financial crisis and bankruptcy. Figure 1 shows the number of unsold homes and 
it peaked in 2008. Figure 2 shows the psychology of consumers’ economic situation. We can 
find the lowest index in 2008. Besides, the interest rate had risen since the economy was in 
trouble, and the builders might fell into serious debt because of fund raising for construction. 

2.1.2. Current government’s effort 

The Korean government’s efforts to adopt the post-sale system are in progress. The post-sale 
system will be implemented in the public sector firstly, and it will be applied to private sector. 
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Figure 1. Unsold homes status (Unit: Household). Source: Statistics Korea. 

 
Figure 2. Consumer Survey Index (CSI) (Unit: %). Source: Statistics Korea. 

In addition, the government plans to increase the supply of post-sale housing to 70% on the 
public until 2022.  

The private housing constructors and buyers are encouraged to expand the post-sale system 
through incentives. Firstly, the government will supply 10 of construction sites to the housing 
suppliers who promise to adopt post-sale process to their projects. If the private constructors 
sell the new house after construction, they can postpone payment of the land cost till the end of 
housing construction. And government permits using the land if the payment can be guaranteed 
even if the payment is not completed. Secondly, it can be pressed for buyers to have a short 
period of payment when they contract the post-sale apartment. The introduction of loan services 
and extension of HUG’s guaranteed loans help especially buyers who get a post-sale apartment. 
Third, it provides incentives such as guarantees and loans to induce the post-sale system 
(MOLIT, 2018). 

2.2.Cases of public sectors 

We have examined each case of post-sale in Seoul Housing & Communities Corporation (SH) 
and Korea Land & Housing Corporation (LH), which are representative developers in Korea.  
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Table 2. Summary of private sector support. 

First supply 
of Public land 

Giving priority of construction sites to post-sale developers 
Possible to set aside for the residential land payment 

Permission of use land if the payment can be guaranteed even if the payment is not 
completed 

Support for buyers Extension of HUG’s guaranteed loans especially for post-sale 

Incentives Increase the limit of loan and cut interest rates on over 60% construction completed 

Table 3. Post-sale loan interest rates (unit: %). 

 Private Sector Public Sector 

Before After Before After 

Post-Sale Pre-Sale Post-Sale Post-Sale Pre-Sale Post-Sale 

Under 60 m² 4.1 4.6 3.6 (↓0.5%p) 4.1 3.6 3.1 (↓1.0%p) 

60 to 85 m² 4.3 — 3.8 (↓0.5%p) 4.3 3.8 3.3 (↓1.0%p) 

First, it is the ‘Uijeongbu Millak2 District A-6 Block’ project which was started in 2017 at LH. 
They announced sale of flats when they completed 60% of construction. In the end, they had 
100% applications within the period so there was no unsold housing after completion. To 
understand the customer response of the project, they surveyed 50 buyers and 15 real estate 
agents (LH, 2017). They answered the most satisfying part was ‘the short period from contract 
to move-in’ (45%). ‘Inability to choose options’ (39%) was the most dissatisfied. It appeared 
buyers prefer post-sale at 60% construction (38%) and post-sale at 80% construction (34%) 
option. If the post-sale system executes, buyers prefer construction completed rate of 60% 
(38%) and 80% (34%), not 100% completion, options which can choose options like expanding 
balcony. This survey explains customer needs about ‘60% completed construction option of 
post-sale.’ 

Next, ‘Hangdong public housing district’ is an example of post-sale conducted by SH in 2018. 
According to the regulations of SH, the sale of flats was announced when the construction 
process was completed at 60% (SH Website). The features of the project are as follows. First, 
residents move in after 9–10 months after the announcement. Second, 3 times of the 
intermediate payment will be paid after deposit. Third, SH operates a sample house for 3 days 
and provides information through website and electronic pamphlets. The advantage of post-sale 
that can be felt on the ground was to inspect the overall distance of the complex and its 
surrounding infrastructure. It was also able to check the progress of planned roads and schools.  

3. OVERSEAS HOUSING SALES POLICIES 

Three neighboring countries are operating the system in line with the social conditions and 
housing market. Unlike Korea, foreign countries’ government is not involved in the housing 
supply for the private housing market. However, in Korea, especially housing market is 
controlled by government strictly. Of course, we are not able to make a comprehensive 
introduction of housing and financial policies like the others because of the different 
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circumstances. Nevertheless, it is crucial to make the right policy to adopt the post-sale and 
state whether the time is appropriate or not. 

3.1.Singapore 

A considerable part of the housing stock in Singapore is public housing. And it controlled by 
Housing and Development Board (HDB) which is a national institution. Land ownership is 
owned by HDB and only public housing is supplied. It’s more focused on selling rather than 
leasing. This study reviewed the way how HDB sells new apartments because the private 
housing market is largely supplied by real estate developers without government involvement. 

It is divided into BTO (Build-To-Order), SBF (Sale of Balance Flats), and ROF (Re-Offer of 
Balance Flats). The BTO sale is similar to Korean pre-sale system, and SBF and ROF sales are 
similar to the post-sale system. 

Build-to-order (BTO) is a method that if the customers apply, HDB chooses randomly the 
applicants. And if the demand is sufficient, it is constructed and supplied. If the demand is not 
matured, the construction will not be done and the contract will not be made (Kim and Lee, 
2019). 

Sale of Balance Flats (SBF) means starting sale when the new apartments collected enough. It 
is relevant to both completed and under construction apartments. If the applicant qualifies 
through the ballot, the applicant moves within 3 months on the completed apartment and upon 
completion of the apartment under construction (Kim and Lee, 2019). SBF includes flats 
leftover from previous BTO launches. 

Re-Offer of Balance Flats (ROF) is a method of re-announcing the sale of apartments that have 
been unselected despite the previous sale of SBF and ROF. 

The role of the Central Provident Fund (CPF) contributes to the housing system. CPF is similar 
to the national pension plan in Korea, but this can be used to support the purchase of the house. 
When purchasing HDB flats, buyers can borrow long term loans through HDB within the 90% 
range of housing prices (80% before regulation changes). It can be covered with CPF. In other 
words, it is easy to become a homeowner even if they have 10% of the house price. This makes 
their homeownership rate high as 90.8% (H. A. Kim and H. W. Kim, 2004). 

3.2.Hong Kong 

From 1993 to 2014, Hong Kong’s pre-sale accounted for 50–80% of the annual housing sales 
cases. This suggests that it is highly dependent on the pre-sale. The feature of Hong Kong’s is 
that the allowance period is 15 months before completion and 5% of the house price is reserved 
as a deposit. However, it was different from the way of raising funds for the construction such 
as Korea’s intermediate payment. Pre-sale was also used as a marketing tool rather than 
a financial method.  

Hong Kong is similar to Korea in that the pre-sale system is overwhelming. Hong Kong has the 
pre-sale system by Circular Memorandum of Legal Advisory and Conveyancing Office 
(LACO). The Land Department of Hong Kong is responsible for all land matters (Kim and Lee, 
2019). 
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Figure 3. The BTO process (source: HDB Website). 

 

Figure 4. The SBF process (source: HDB Website). 
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In the past 13 years, the housing supply shortage has continued, and the government has tried 
to stabilize the market by controlling demand rather than expanding supply. Hong Kong has an 
average of 41,000 new apartments annually, but the number of newly married households is 
around 53,000. In June 2018, Hong Kong introduced Vacancy Tax Policy1 which can explain 
to expand the supply by stock-outs. However, the price stabilization effect is expected to be 
limited since vacancy rates are low due to an insufficient number of new houses and huge 
demand (Choi, 2019). 

3.3.Japan 

In Japan, detached houses are generally sold through post-sale, while sale of mansions and 
apartments is autonomous by operators, but mostly by pre-sale. The mansion is free of how to 
sell the house, and generally opens the information through the constructor’s website (such as 
building coverage ratio, floor space index, site area, expected move-in date, etc.) and sold. (Kim 
and Lee, 2019) Also, unlike in the case of Korea, there is no intermediate payment when the 
pre-sale is carried out. 

The providers are divided into the public and private sector. Public housing for sale and public 
rental houses are available for those who are eligible to move in. Normally, the application will 
be accepted 2–3 months before completion only for the qualified. In the case of private sales 
houses, the developers mainly supply (MOLIT, 2005). 

In the case of overseas, there is no regulation on post-sale or pre-sale. The reason for the post-
sale is likely to be on the type of detached houses. However, foreign countries such as 
apartments in Korea are generally selling by pre-sale. Mostly, the project operator sells some 
of the quantity in advance by the pre-sale method at the beginning of the project. Then, they 
sell the product at the best price according to the decision as the next construction proceeds. In 
addition, the concept of pre-sale is also a kind of contract act, unlike Korea, and the amount of 
the deposit is insignificant, and in most cases, the balance is paid at the time of move-in without 
the intermediate payment.  

4. EXPERTS’ OPINION 

We conducted an online survey of 28 people who were selected as 18 professors and 
researchers, 5 industrial workers, 5 government employees. It is to understand opinions about 
the post-sale of the specialists in the housing and construction industry. We collect perspectives 
of experts about the purpose, necessity, effect, and risk of post-sale system and analyze the 
survey results to identify the pros and cons in terms of public interest, and propose alternatives. 

Most of the professors and researchers said that both public and private sectors needed it, and 
the industrial workers’ group insisted that only the public sector, except for the private sector, 
need to adopt the post-sale system. When converted to a post-sale system, the Korean real estate 
market will have a consumer-oriented rather than a supplier-centered. It is also expected that 
the reduction of shoddy construction and consumer risk, speculative demand, and false 
advertising. 

 
1  The Vacancy Tax, introduced in June 2018, charges 200% of the rent or 5% of the housing price if the apartment 

remains unsold for more than a year. 
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On the financial side, ‘the interest rate’ was the most important in terms of suppliers when 
introducing a post-sale system. It is important to expand the support of construction funds in 
order to activate the post-sale system, which requires a relatively large amount of construction 
funds compared to pre-sale.  

Specifically, Figure 5 means opinions on financial support system on the perspective of buyers 
and builders. Constructors answered that they need to be supplemented the loan interest rate, 
but the researchers said about supplement with the types of programs. 

In particular, it is necessary for public utilities to adjust the performance indicators such as 
increasing fund support and reducing the debt ratio. There were opinions that a guaranteed 
product such as a payment guarantee or an asset risk management system is necessary. 

Professors and researchers responded positively to the necessity of supplementary measures 
such as Advance Reservations for Housing. Industrial workers showed negative responses, and 
in the case of the private sector, they are concerned about the sale of residential land when 
converted to post-sale. 

However, this survey conducted for a few specialists and the gap of responses was not 
considerable. These limitations should be studied more. Nonetheless, according to an interview 
with a representative from the post-sale department of LH, the transition to post-sale does not 
have much effect on the public corporation. Since they have higher credit than private 
corporations, the cost of capital does not significantly increase. Therefore, the post-sale suits 
on the public sector in priority. 

5. DISCUSSION 

Post-sale system is not essential but optional to the Korean housing market when we evaluate 
the system by the results of this study. As reviewed above, the system has also a weakness as 
well as the positive side compared to the pre-sale system. The new system can provide more 
options to buyers through completed houses and facilities in the apartment complex. It is very 
effective for buyers to hedge the bankruptcy risk of the project by postponing the payment to 
the end of construction. In contrast, the post-sale system needs more financial support from 
governmental agencies and private financial companies instead of home buyers. Some small-
sized housing developers cannot raise the construction fund due to their low credit and the 
number of new houses can be decreased considerably after the system applied to the whole 
market. Buyers can face financial difficulties because they have to make money to buy the 
completed house in a short period under the post-sale system. In the case of low-income 
families, the difficulties can be worse.  

The main implication of the three neighboring countries’ cases also supports the optional 
adoption of the post-sale system in the Korean housing market. None of them has a mandatory 
post-sale system and developers can choose the sales system as marketing tools. Singapore has 
various sales system according to the types of potential buyers. Japan has two of them and 
applied one of them as the types of housing.  

Experts emphasize on the financial support for successful implementation of the post-sale 
system. The lower interest rate and more financial sources are necessary for small-sized private 
companies while the public corporations are not vulnerable to sales system change. 
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Figure 5. Necessity of complement of loan for suppliers in adoption of post-sale. 

Consequently, this paper provides some policy implications on sales system change in Korea. 
First, post-sale system needs to be mandatory. We consider the pros and cons of it and give the 
option to the housing constructor and buyers. The more options we offer, the more efficient the 
market we make. Second, financial support is the most important to success. Transition to the 
post-sale system can decrease the housing supply due to financial difficulties. During the 
construction, the developers should be supported by the government. After the construction, 
financial support like mortgage should be provided for the home buyers. 
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ABSTRACT 

The purpose of this study is to analyze the current situation and user characteristics of the ethnic commercial street 
in Suwon, Korea. The results can be basic information to maximize the positive effect of the ethnic area. A field 
survey was conducted on 158 shops operated or used by foreigners. The survey is focusing on not only the physical 
items of the shops like a floor area, types of goods and services but also characteristics of shop owners. The main 
results of the study are as follows. First, foreign shops are mainly concentrated on the side road near Suwon Station. 
Restaurant is the most common. There are hair shops, foreign exchange shops, karaoke, and bars. Second, more 
than half of the shops are less than 3 years old. That means many Korean shops on the street are quickly converted 
into foreign ones in recent years. Third, Chinese is the majority of the owners’ nationality while some shops are 
operated by Koreans. Besides, a questionnaire survey was conducted on the perceptions and satisfaction of shop 
users. The users’ main purpose of visiting the street is to meet relatives and to have a meal. Foreign users have a 
more positive image than Koreans. They argue that more parking space is the most important to improve 
satisfaction. 

Keywords: foreign shop, ethnic commercial street, type of business, Suwon city, Korea 

INTRODUCTION 

The influx of foreigners is increasing rapidly in Korea due to working, studying, and 
international marriage. They form their place near the industrial complex where foreigners work 
mainly or in area with affordable housing costs. At the same time, ethnic commercial area is 
appearing. There are representative areas such as Garibong-dong and Daerim-dong, which are 
located in the south-west of Seoul and have been settled by foreign workers as a hinterland of 
the industrial hub, and Jayang-dong, Chinese food and cultural street, near Konkuk University, 
located in the eastern part of Seoul. Recently, Suwon city lied south of Seoul and has 
a population of one million, is emerging as an area with the foreign residential district. The 
growth rate of foreigners in Suwon has increased by 14.5 percent for two years, the highest 
among local governments. A hundred of foreign shops are concentrated on the side road near 
Suwon Station.  

However, it is hard to find researches analyzing characteristics and present condition of the 
commercial area in Suwon unlike Daerim-dong, Garibong-dong, or Jayang-dong in Seoul. 
Also, the previous studies on ethnic places focused on a sociological perspective like perception 
and image of the ethnic enclave. It is difficult to find research on the feature of ethnic 
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commercial streets. Therefore, it is necessary to investigate the spatial characteristics of the 
ethnic commercial streets and figure out the features of foreign shops in Suwon. 

This study aims at investigating characteristics of foreign shops in a commercial area in Suwon 
through field survey. The field survey was conducted at the stores through interviews with the 
owners and employees. It focuses on the physical items like the number of floors, areas, 
services, and type of goods and so on. Besides, we analyze the characteristics of shop owners 
like nationality, sex, age, and race, etc. 

One of the biggest advantages of the area is accessibility to Suwon Station. The station is 
a major transportation hub in the southern part of Seoul Metropolitan Area. Another one is 
Suwon Rodeo Street where the most popular commercial area in Suwon city used by Koreans 
is located nearby. To maximize these positive effects and minimize negative effects by the 
ethnic commercial area expansion, it is necessary to identify the area and evaluated the current 
situation. Finally, through this study, we provide policy implications for the emerging street for 
foreigners and preventing various external effects in the future. 

1. LITERATURE REVIEW 

Researches on ethnic place mainly focus on the residences where lots of Chinese and Korean-
Chinese live. There are representative areas such as Daerim-dong, Garibong-dong located in 
the southwestern part of Seoul and Wongok-dong, the multicultural district, in Ansan-si, 
Gyeonggi-do, etc.  

Early studies on the ethnic enclave dealt with the formation process of the place where have 
emerged since the 1990s in Korea. In the early 2010s, researches on the perception and security 
of the ethnic places have been conducted. Formation process, perception, and actual condition 
have been studied for each place. However, there has been insufficient research on the 
characteristics of ethnic commercial streets. Recently, the studies have been conducted on 
communities of Central Asian countries (Uzbekistan and Pakistan), French and Chinese.  

There are some papers on the characteristics of ethnic commercial areas formed by Chinese. 
Lee (2014) and Cho (2017) analyzed the features of the foreign shop area along with the process 
in the formation of residential settlement. Lee (2010) figured out the characteristics focused on 
ethnic commercial area and analyzed differences among Garibong-dong, Daerim-dong, and 
Jayang-dong. According to the study, although many types of shops exist, Korean only used 
restaurants. He argued that restaurants have an important meaning in evaluating the growth of 
the ethnic communities, which explained the possibility that the communities might grow to 
multicultural commercial areas. 

Cho (2017) studied on the spatial characteristics of Chinese food and cultural street in Jayang4-
dong by site investigation and in-depth interview. This area is located near Konkuk University 
Rodeo Street which is mainly used by Koreans like ethnic commercial area in Suwon city. As 
the inflow of Chinese people gradually increased, a variety of businesses such as beauty salon, 
Chinese bank, and trading company stores appeared. She argued that the multicultural street 
landscape is formed because of gathered foreign shops. The stores need to be located on the 
street which has a strong identity to make a profit on them. She suggested that the street is 
a successful multicultural area in Seoul. 
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In addition, there is a research on Kwanghee-dong, Jong-gu, in Seoul. Kim (2017) studied the 
background of the formation process and growth of Kwanghee-dong focusing on the Mongol 
Tower building and Central Asia Food Street. She explained that the area has changed from 
a foreigners’ residence to commercial facilities. It turned into Central Asian Street concentrated 
on retail shops, and it became one of the biggest features of Kwanghee-dong. She argued that 
this area established the identity of the street centered on restaurants like Jayang4-dong, Chinese 
food, and cultural street. 

According to the previous studies on the perception of the ethnic enclave, most of Koreans’ 
evaluations of the ethnic places are negative. Choi (2012) analyzed place perception and 
behavior of Chinese immigrants by conducting a field survey in Wongok-dong, where is the 
multicultural special district in Gyeonggi-do. He argued that communication and activity 
variables have a strong relationship with the area image and facilities uses. While foreigners 
have a positive and familiar image by deal with homesickness, Koreans have a negative 
perception. For example there is not clean or not safe. As mentioned above, most of the 
entertainment and sales facilities operated by foreigners are mostly Chinese customers, unlike 
administrative service office. 

Gong (2013) and H. Park (2016) explained that the social perception of foreigners from 
developed countries is different from that people from developing countries for Korean. Gong 
(2013) compared Banpo4-dong, Seorae village, where French and Italian reside and Garibong-
dong. Seorae Village which has been commercialized is used to urban branding and place 
marketing strategy. However, Garibong-dong where low income foreign workers live formed 
a relatively unsociable commercial area to Korean, and the places are gradually polarized. 
H. Park (2016) studied Koreans’ attitudes toward foreigners by conducting field survey. The 
result revealed that the social distances was the shortest to American, and relatively long to 
Chinese.  

Even though most Koreans have a negative perception of these areas being transformed in 
Chinatown, J. Park (2016) argued that Koreans who own a house can obtain economic benefits 
by receiving stable rents. In other words, Koreans are suffering from ethnic places, but they are 
willing to bear the disadvantages of economic gain from the influx of foreigners. Nam (2018) 
investigated that the perception of Korean residents of Daerim-2dong and Jayang4-dong. He 
argued that the contribution of the Chinese to the local economy is positively recognized in 
Jayang-4dong. It has a great influence on the perception of Chinese and local satisfaction.  

As mentioned above, the previous studies on ethnic places usually focused on a sociological 
perspective like as perception and image. It is difficult to find researches that are related to the 
feature of ethnic commercial streets. Also, there are few studies on the characteristics of the 
ethnic commercial area near Suwon Station because it has emerged recently, unlike Daerim-
dong or Garibong-dong in Seoul. Therefore, we have differentiated from previous researches 
by investigating the area in Suwon city and figuring out the characteristics of stores spatial 
distributions. 

2. CHARACTERISTICS OF FOREIGN STORES 

In order to investigate the characteristics of the ethnic commercial street in Suwon city, we 
conducted a field survey. The survey was conducted through an interview with Chinese students 
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for 2 weeks from October 4 to October 12, 2018. We made not only Korean questionnaires but 
also Chinese ones for Chinese. The questionnaire includes characteristics of the shop and the 
owner’s demographic information. The former is composed of floor area, type of business, 
years of operation, and foreign customer ratios. The latter consists of age, sex, and nationality. 

In this study, we survey 172 shops located around Suwon Station that are operated by foreigners 
or used by foreigners. We got information about 158 shops except for the store closed (3 shops)1 
and refused to respond (11 shops).2 

2.1.Debate on introduction of a post-sale system in Korea 

The foreign shops are concentrated in a certain area, forming their commercial district for 
Chinese. The stores closed to Suwon Station are mainly located in Gatmaesan intersection, 
Yeokjeon market, and Jidong Market. They are spread to three ways from Gatmaesan 
intersection and extended to neighboring areas. In particular, most stores are located along 
Gatmaesan-ro and Gomae-ro from the intersection (117/158). As it spread around, there are 
10 stores on the roadside of Godeung-ro and Gohwa-ro connected to Gomae-ro. Also, there are 
41 shops in Yeokjeon Market located in the southeast Suwon Station and 5 shops in Jidong 
Market a little far away from Suwon Station. 

2.1.1. Type of business 

There are various types of foreign stores: restaurants, entertainments, 3  hair salons, travel 
agencies, currency exchanges, and grocery stores, etc. The stores formed mainly around 
Gatmaesan three-way streets have existed in various kinds of shops. All of the grocery stores 
sell Chinese foodstuffs and are located in the Yeokjeon Market and the Jidong Market.  

 Restaurants occupy the highest portion in this area. There are 106 restaurants, and the most 
common thing is Chinese restaurant for Chinese and Korean-Chinese people. They are 
specialized in duck and lamp skewer dishes. Compared to other facilities, restaurants are 
operated by foreign owners from various countries such as Vietnam, Thailand and Uzbekistan. 
The almost all signboards are written by their own languages.  

Most shops are on the first floor because of good accessibility. The most popular type is 
restaurant (68.2%), and followed by currency exchange (7.8%) and grocery store (7.0%). Some 
restaurants and nightlife facilities are on basement and second floors. On the basement, there 
are coffee shops and multinational restaurants operated by Thai, Uzbekistanis, and Vietnamese 
in the Yeokjeon Market. Especially, bars and karaoke are operated mostly on the basement and 
second floor. It means that the facilities tend to be invisible to people. 

The average size of store is 85.6 square meters. Especially, the average floor area of the 
entertainment facilities is 130.57 square meters; the largest. The area of restaurants ranges from 
16.53 square meters to 595.04 square meters. Restaurants have diverse area range from the 
small dining room to large scale restaurant.  

 
1  The stores are closed or bankrupt 

2  The stores that had visited more than 3 times, but had not responded 

3  Entertainment facilities consist of karaoke, bar, and PC room, the same as above 
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Figure 1. Study area. 

 
Figure 2. Store distribution by type of business (1F, B1, 2F). 

Hair salons, currency exchanges and travel agency that do not require large area have areas of 
about 33.06 square meters. They use smallest space than any other types of business. 

2.1.2. Operating period 

In terms of the operating period, 74.7 percent of the shops has been operated for less than 
5 years. 25.3 percent of those were opened more than or equal to 5 years ago. Also, the shops 
under 3 years old are 51.6 percent (81/158). That means that many of them are recently changed 
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from Korean shops to foreign ones on the street. Almost all of the new stores were opened less 
than one year ago; restaurants (66.7%) and entertainment facilities (11.6%). 

For the last 5 years, new types of business such as a beauty salon and currency exchange office 
are launched. It is a relatively short period compared to any other types of stores. On the 
contrary, the average year of service for the grocery store is 6.67 years, and the maximum is 
13 years. It has been shown that they have continued to operate for a long time in this area. In 
this regard, we found that Chinese need various shops and services beyond food and foodstuffs.  

Compared to the area around the three ways from Gatmaesan intersection and neighboring area 
of Yeokjeon Market, most of new store opened in former area. The reasons are as follows. First, 
it is a complex of retails in former area. Second, Gatmaesan three-way streets are relatively 
connected to Suwon Rodeo Street where the most popular commercial district in Suwon city 
used by Korean. 

2.1.3. Ratio of foreign customer 

As the ethnic commercial areas have been formed to help them settle down and deal with 
homesickness, the customers are mostly Chinese and Korean-Chinese. Therefore, more than 
90 percent of customers in the stores are foreigners. It means that average Koreans feel 
uncomfortable in the ethnic area. Koreans hardly visit hair salon and travel agency operated by 
Chinese who can’t speak Korean. 

However, some Koreans go to the restaurant, bar and karaoke. The ratio of Korean guests to 
the restaurant and bar located near Gatmaesan intersection adjacent to Suwon Rodeo Street is 
relatively high. It is caused by spatial accessibility from the Rodeo Street which is popular 
commercial area for Korean. 

It can be implied that the foreign shop cluster is likely to be developed into an exotic 
multicultural district, focused on restaurants operated by foreigners, in Suwon city in 
connection with Suwon Rodeo Street. Besides, new stores are also emerging continuously in 
this area. In fact, ‘Lamb Skewers Street’ in Jayang4-dong has received attention as a Chinese 
food culture street. The street has contributed to revitalizing the region by visiting a lot of 
Korean patrons. It is identified a successful multicultural area in Seoul (Je-eun Cho, 2017). 

2.2.Debate on introduction of a post-sale system in Korea 

Chinese is the majority of the owners’ nationality (98/158). And only 6 persons are from the 
other countries like Vietnam and Uzbekistan, etc. Unexpectedly, there are 54 foreign shops 
operated by Korean and they usually run restaurant and bar. The number of visitors of the shops 
is 3 percent higher than that of shops operated by Chinese. Unlike other types of business, 
Koreans operate more bars and travel agencies than Chinese owners. Korean owners might be 
Chinese who have become naturalized Korean citizens. 

Ages of the owners are mostly in their thirties and forties. The fifty persons of them are thirties, 
44 are forties and 37 are fifties. There are 88 female owners while 70 are male. The number of 
male and female is similar for each age group except fifties. The female owners are unusually 
more than twice the male in the fifties.  
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Figure 3. Store distribution by operating period (1F, B1, 2F). 

 
Figure 4. Store distribution by ratio of foreign customer (1F, B1, 2F). 

Restaurant owner have a pretty even age distribution from twenties to sixties among them. In 
particular nine out of ten persons in their twenties have run the restaurants, and all of the above 
have opened the stores within a year.  

All hair salons located in this area have operated by owners in the thirties. By contrast, the older 
age group usually runs bars and grocery stores which are relatively old types. It can be seen that 
various types of service that provide amenities such as hair shops is increasing by young 
foreigners. 

3. THE USER CHARACTERISTICS OF THE FOREIGN AREA 

We carried on a basic survey to analyze the characteristics of the users who visit the foreign 
shops. Survey items include purpose of visit, image of the area felt by users, facilities 
satisfaction and visitor’s demographic information. We got the information of 31 visitors.  

There is the demographic information of visitors. The main visitors are from Chinese (71.0%). 
Koreans hardly visit the ethnic commercial area as expected. The 19 persons of them are 
Chinese-Korean (61.3%), 10 are Chinese, and only 2 persons are Korean.  
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Table 1. Characteristics of the foreign stores. 

Classification Restaurant Entertainment Grocery 
store 

Hair 
salon 

Exchange 
office 

Travel 
agency 

Others Total 

106 20 9 6 10 6 15 172* 

Floor 1F 88 4 9 5 10 6 8 130 

2F 5 7  1   4 17 

3F  2     3 5 

B1 13 7      20 

Area Under 33.1 m² 24  3 2 6 3 5 43 

33.1–50.0 m² 18 1 2 1 1 1 2 26 

50.0–66.1 m² 10 3 1 1 2 2  19 

66.1–99.2 m² 29 7 2 1 1  1 41 

99.2–165.3 m² 15 3  1   5 24 

Over 165.3 m² 10 6 1    2 19 

Foreign 
customer 

ratio 

Under 70% 17 7   1 1 2 28 

70–80% 8 1 2  1   12 

80–90% 9 1 2  1 1  14 

90–100% 39 4 3 2 3 2 6 59 

Over 100% 27 3 1 2 4 2 6 45 

Year of 
operation 

Under 1 year 24 4 1 1 2  4 36 

1–3 years 24 7 2 2 4 2 4 45 

3–5 years 24 3 1  2 2 5 37 

5–10 years 24 1  1 2 2 1 31 

Over 10 years 4 1 4     9 

Owner’s 
nationality 

Chinese 69 5 5 3 6 2 8 98 

Korean 27 10 3 1 4 4 5 54 

Vietnamese 2 1      3 

Others 2      1 3 

Owner’s 
age 

20–30 years old 9      1 10 

30–40 years old 23 4 2 4 8 3 6 50 

40–50 years old 30 4 4  2 1 3 44 

50–60 years old 25 5 1   2 4 37 

Over 60 years 
old 

13 3 1     17 

* Total include stores that were closed and refused to respond 
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The most common age groups of visitors are in forties (45.2%) and thirties (38.7%). They are 
mainly service workers, field workers and self-employed. More than half of them live in Suwon 
city. Finally, in order to understand three items below in detail, the pattern of visit are identified 
by age, sex, nationality, and residence. The results are shown below. 

3.1.Purpose of visit 

The users’ main purpose of visiting this area is to meet relatives and have a meal. On the other 
hand, the frequency of visits for looking at a job is relatively low.  

First, regarding the purpose of visiting by sex, male and female visiting purpose patterns are 
similar. It means that the primary purpose of visit the ethnic commercial area to eat a meal with 
relatives and to get some stuffs regardless of sex. Chinese female visitors are more likely to 
visit to buy groceries and miscellaneous goods. 

Second, the purpose of the visit depends on the where they lived. Users who lived in Suwon 
city visit this area to purchase goods and have a meal. The main reason of visiting for other, 
area residents is to gain information and deal with homesickness.  

Third, regarding the purpose of visiting by age group, the thirties visited the place mainly to 
use restaurants and make relations. The forties visited the area not only to have a meal but also 
to gain information, to carry out banking service and to purchase foodstuffs. 

3.2.Perception of the street image 

We analyzed the perception of the street image of the users through the survey. The 
questionnaire consisted in positive words and negative ones. The formers include convenience, 
familiarity, comfort, and harmony. And the latter are unfamiliarity, noisy, anxiety, and dirty. 

More than half of the visitors answered ‘agree’ to positive words, and the most affirmative word 
is ‘familiarity.’ The users responded that they have bad perception mainly due to ‘noisy’ and 
‘unfamiliarity.’ Users who live in Suwon city have a more positive image than those in other 
cities.  

There are conflicting results by nationality as expected. Chinese have a more positive image of 
the foreign area than Korean users. Especially, Chinese-Korean tends to feel the street image 
more positively through the ‘familiarity’ than other ethnic groups. Koreans perceive positive 
and negative images as similar. These results showed Koreans still negative perception of the 
above area, such as crime-prone area socially. To revitalize the foreign district, we should 
consider attractive plans for Koreans to have a more positive perception. 

3.3.Facilities satisfaction 

People usually are pleased with restaurants, entertainment facilities, and foreign markets. 
Female visitors in their forties are gratified with grocery stores noticeably. On the contrary, the 
satisfaction with the traffic infrastructure and rest area is significantly lower than overall 
satisfaction. Chinese-Korean visitors in their thirties and forties are greatly unsatisfied with 
parking facilities. There is not enough parking space and resting facilities in this area. 
Especially, illegal street parking is very common due to the shortage of parking area. 
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Figure 5. Perception of the street image by ethnic group. 

The problem with parking facilities is recognized not only by users but also by shop owners. 
They argue that more parking space is the most important to improve satisfaction. The 
restaurant owners responded through the interview that there were frequent cases in which they 
could not have the customers at the weekend due to the lack of parking space. As mentioned 
above, it is necessary to have adequate parking spot in the ethnic commercial district in Suwon 
city. 

4. CONCLUSION 

This paper has investigated the characteristics of the ethnic commercial streets of Suwon and 
the perception of the area. The main finding can be summarized as follows. 

First, the main business type of the foreign stores is restaurant. There are variety types of 
business such as bar, market, hair salon, and exchange office as well. Many Chinese have 
operated stores and restaurants. Major foreign visitors are also Chinese, especially Korean-
Chinese. Most of the stores are located at the Gatmaesan intersection near Suwon Rodeo Street 
where the most popular commercial district in Suwon city used by Korean. 

Second, the stores under 3 years old are 51.6 percent. It means that the street significantly 
changes from Korean stores to foreign ones. Also, the new shops are found around Gatmaesan 
intersection. New types of business are beauty salon and currency exchange office. That means 
the ethnic area has become comprehensive site where foreigners can make a multi-purpose trip. 

Third, even though the stores have mostly Chinese customers, the ratio of Korean customers of 
shops near Suwon Rodeo Street is relatively high. It means that the ethnic area has potential to 
be multicultural area by mixing with Korean stores in the future. Furthermore, the street can 
contribute to revitalization of the deteriorated old downtown of Suwon city. 
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Fourth, lact of parking space is the biggest problem in this area. The satisfaction with the traffic 
infrastructure and rest area is significantly lower than any other facilities’ satisfaction. Most of 
the interviewees including shop owners and visitors argue that parking is the most critical factor 
of success of the street. 

In conclusion, the results imply that this area has big potential to become an attractive 
multicultural commercial area. Rapid change of the area requires more infrastructures like 
parking lots, rest areas, parks etc. If we provide appropriate facilities for the area, the ethnic 
street will be a trigger of urban regeneration in old town of Suwon. 
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ABSTRACT 

This paper reflects the results of a study conducted during the research project “The Creative Heritage of Graduates 
of St. Petersburg Architectural and Engineering Schools in the Far East (the second half of the 19th–early 
20th centuries)”. The Typology of constructions of Far Eastern architects and engineers who were educated at the 
St. Petersburg Academy of Arts, the Institute of Civil Engineers, the Nikolas Engineering Academy and the 
Institute of Railway Engineers are developed. The main types and features of buildings of architects, civil, military 
and railway engineers are considered. 

Keywords: East, architecture, St. Petersburg, architects, engineers 

INTRODUCTION 

The second half of the 19th–early 20th century is a period of active development of the territory 
of the Far East by Russian people. During this period the settlements were founded in the region, 
some of which later grew into large cities, and the formation of transport infrastructure has 
begun. The conditions for the development of new lands, the need to regulate construction and 
road issues, the absence of any regional schools in the Far East and neighboring Siberia, lead 
to attraction to the region of large number of architects and engineers from central Russia. The 
study showed that most of these specialists were graduates of architectural and engineering 
schools of St. Petersburg, such as: Academy of Arts, the Institute of Civil Engineers, the Nikolas 
Engineering Academy and the Institute of Railway Engineers. 

The geographical boundaries of the study are determined by the territory of the Russian Far 
East from Kamchatka to Primorye, including Sakhalin Island, as well as cities in the exclusion 
zone of the Chinese Eastern Railway. The study examined about 200 objects of creative heritage 
of graduates of St. Petersburg architectural and engineering schools built in Blagoveshchensk, 
Vladivostok, Dalian (Dalny), Lushunkou (Port Arthur), Nikolaevsk-on-Amur, Khabarovsk, 
Harbin, Ussuriysk (Nikolsk-Ussuriysk), to the Kamchatka Peninsula and Sakhalin Island.  

 
© Bazilevich Mikhail E., 2019 
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At the previous stages of the study, urban planning, space-planning and stylistic features of the 
work of Far Eastern architects - graduates of architectural and engineering schools were 
considered. In this publication, an author's typology of objects of their creative heritage in the 
region will be proposed. 

1. LITERATURE REVIEW 

The scientific basis for this study was the work of Russian and foreign scientists, affecting 
various aspects of the problem. Scientific works of N. P. Kradin [1], S. S. Levoshko [2], 
C. Wang [3], Zeng Shuangshuang [4], Chan Huaisheng [5] give a detailed picture of the urban 
development, historical and cultural development of cities in the Russian Far East and the 
Chinise Eastern railway exclusion zone. The architecture of buildings and structures of various 
typologies is devoted tot he dissertation researches by Yu. V. Okhotnikova [6], 
D. S. Maslennikova [7], giving an idea of the history of the formation and development of 
Orthodox church architecture in the Far East of Russia and in neighboring China, 
A. P. Ivanova [8], dedicated to the activities and architectural features of Russian and foreign 
trading companies, as well as the publication of T. A. Smolianinova and N. P. Kradin [9, 10] 
devoted to the architecture of consular buildings in Harbin. The stylistic features of the region’s 
architecture are touched upon in the works of A. A. Artemyeva [11], L. E. Baklyskaya [12] and 
A. P. Ivanova [13]. In the publications of Chinese scholars Yingli Mao, Yinghui Mao [14], Kai 
Joon and Liu Daping [15] some planning and stylistic features of settlements built along the 
Chinise Eastern railwa were considered. Biographical data and the work of a number of 
engineers who worked in the Russian Far East and northeast of China from the mid-19th to the 
early 20s of the 20th century are considered in the works of N. P. Kradin [16], Yves Franken 
and A. A. Khisamutdinov [17]. 

2. MATERIALS AND RESEARCH METHODS 

The main method of this study is a comprehensive and interconnected study of various sources 
on this issue (archival, literary, graphic materials). The empirical base consists of materials 
from the author's field survey conducted by the author in cities and settlements of the Far East. 
All this allowed the author to develop and present a typology of objects of creative heritage of 
Far Eastern architects and engineers - graduates of St. Petersburg architectural and engineering 
schools. 

3. RESULTS 

3.1.Housing 

3.1.1. Permanent housing 

This group of objects includes individual and multi-apartment residential buildings (including 
barracks and outbuildings), mansions and residences. Individual residential buildings are a 
subtype of objects that is widespread in all cities of the Far East. In the work of graduates of St. 
Petersburg architectural and engineering schools, it is represented by wooden houses, wooden 
houses on stone foundations and stone buildings. Since residential development of the Far 
Eastern cities during the period under review was predominantly utilitarian, the space-planning 
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decisions of these objects were quite standard. From an architectural point of view, private 
houses of Far Eastern entrepreneurs and architects and engineers are of interest, some of which 
have survived to this day and are architectural monuments of regional significance, placed 
under state protection. 

Most often, these objects are found in the works of architects of Khabarovsk. As a rule, these 
are one or two-story brick buildings with plastered walls, built on the street slopes using 
neoclassical motifs (the Bogdanovs house (1897), military engineer Yu. Z. Kolmachevsky; 
D. P. Stupin's house (1912) military engineer B. A. Malinovsky) and Modern (Russian variant 
of Art Nouveau) (house of P. F. Pakhorukov (1912), house of D. A. Yazykov (1912), military 
engineer B. A. Malinovsky). Wooden architecture presented by the private house of civil 
engineer S. O. Ber, built according to his own project on the slope of Barabashevskaya 
(Zaparina) Street in 1904–1905. This wooden structure, combining the volumetric-spatial 
composition inherent for Modern style with classical motifs in the decoration and simple mock-
up decor imitating folk patterns is a typical example of almost lost Khabarovsk wooden 
architecture. 

In Vladivostok, this type of facilities is represented by a one-story house in the Modern style, 
built for itself by a civil engineer V. A. Planson on the main street of the city of Svetlanskaya 
in 1902–1903 and a two-story house of a military engineer N. V. Konovalov, representing 
a typical example of brick-style architecture. 

Apartment buildings in the architecture of the Far East at that time were not widespread yet in 
view of the low population. That is why this subtype of objects is represented by barracks and 
outbuildings (wings). They were built mainly according to typical projects (with reference to 
local climatic conditions and topography). The barracks were rectangular in plan, one or two-
story buildings with a gable roof, with a wall structural system and a corridor layout. In 
a stylistic sense, the Far Eastern barracks are an example of red-brick garrison architecture. 
These buildings are reflected in the work of mainly military engineers (P. E. Bazilevsky, 
B. A. Malinosky, E. I. Shefer and etc.). The wings had a more complex space-planning 
organization and more interesting architectural solutions. The most striking example is the 
complex of several structures belonging to the Vladivostok port built on the even side of 
Svetlanskaya Street in the area of Matrossky Square in 1903–1910. This architectural ensemble 
includes the buildings of the Vladivostok port and Siberian flotilla administration 
(Svetlanskaya, 72), the Maritime Assembly (Svetlanskaya, 68), as well as the outbuildings for 
family and single officers of the Siberian fleet crew (Svetlanskaya 66, 74, 76, 78, 80, 80a). All 
structures were built according to a single master plan by the construction commission of the 
Vladivostok port on the projects and with the participation of military engineers I. I. Seestrandt 
and I. A. Zaborovsky (the author of the project of a three-story house on 76 Svetlanskaya). 
Despite the differences in space-planning decisions, all structures are made in the same style. 
In the plastic facades clearly traced features of neoclassicism. All buildings have a symmetrical 
character of volumetric-spatial composition and a three-part division of street facades. In the 
plastic solution of the walls, similar decorative elements were used: triangles, attics, sandriks. 
This architectural ensemble plays an important role in shaping the silhouette of the central street 
of Vladivostok—Svetlanskaya, as well as the panorama of the city from the sea. 
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The construction of large individual residential houses—mansions was tupical for Harbin. The 
development of the architectural appearance of which, at the end of the period considered in 
the study, is associated with the activities of the architect A. A. Bernardazzi (the mansion of 
V. F. Kovalsky 1921–1922) and the civil engineer S. A. Vensan—mansion of the Japanese 
consul (1921). In addition to directly residential and public premises for home owners, the 
mansions included an additional set of premises for staff. 

Governor’s residences should be noted separately. There are the house of the Amur governor-
general in Khabarovsk (V. G. Mooro, 1884–1885), the building of the house of the military 
governor of the Amur Region (M. I. Lashchenko, 1909–1912), and the building of the residence 
of the military governor of Primorsky Region (V. G. Mooro, 1889–1891). The same applies to 
the house of the governor of the Far East, General A. I. Alekseev, built in Port Arthur in 1902 
according to the project of the famous St. Petersburg architect A. I. von Gauguin. In addition 
to the residential buildings, these structures also performed representative functions, which 
explains the more monumental and expressive nature of their architecture. 

This group of objects should also include the buildings of orphanages, such as, for example, the 
unsaved building of the Olginsky orphanage in Khabarovsk, the first phase of which was built 
by a military engineer N. F. Alexandrov in 1895. 

3.1.2. Temporary accommodation 

This group of objects includes profitable houses and hotels whose construction was reflected in 
the professional activities of architects Khabarovsk, Vladivostok and Harbin. In Khabarovsk, 
which at that time was an important transit hub (railway and river transport), profitable houses 
were built along the main streets of the city. The surviving structures differ in stylistic decision 
and type of facade decoration. For example, the buildings of profitable houses of I. S. Emery 
(architects A. V. Pernits and L. O. Tchaikovsky, 1897), the mayor of Khabarovsk 
A. A. Rassushin (architect V. A. Rassushin, 1900), the Plyusnins brothers and S. Ya. Bogdanov 
(architect Yu. Z. Kolmachevsky, 1902 and 1908) are built in the eclectic style with 
a predominance of Russian-style motifs and garrison architecture that are clearly sean in the 
decorative elements of the red and gray brick masonry. The street facades of the buildings of 
the profitable house of I. Takeuchi (architect B. A. Malinovsky, 1912) and the profitable house 
of Arkhipov (civil engineer A. K. Levteev, 1914), on the contrary, were plastered. In the plastic 
of their facades traces of neoclassicism and modernism are traced. 

By the architecture of these houses we can see the change in the level of capitalization in the 
city. The nature of the development is dictated primarily by the financial capabilities of 
customers, their tastes and the measure of acquaintance with fashionable architectural trends of 
the time. Apparently, the experience of the developers of Vladivostok played an important role 
in shaping the “taste” preferences of the Khabarovsk merchants, where the capitalization 
process and financial turnover were expressed to a large extent, which was reflected in its 
development. 

In Vladivostok, tenement houses have the advantage in the style of neoclassicism: tenement 
houses of G. E. Steinbach (1902), Babintsevs (1902–1903) authorship of V. A. Planson; 
apartment buildings of the Pyankov brothers (1900–1903), apartment building of 
V. A. Zharikov (1906), by I. V. Meshkov. Traces and features of Modern. So, for example, 
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in the architecture of the own apartment building of the architect I.V. Meshkov (1911), which 
is generally sustained in the style of neoclassicism, traces of modernism can be traced (wave-
like completion of the paylow type). Apartment building on Svetlanskaya, 50 is an example of 
the pronounced architecture of the Far Eastern Modern. Initially, the building was conceived as 
a musical theater, but was never completed. In 1912–1914, civil engineer N. D. Fedorovsky 
completed a redevelopment project for a tenement house. 

The apartment buildings in Khabarovsk and Vladivostok had a similar layout: on the ground 
floor with large display windows there were shops, shops, household workshops with their own 
entrances, on the second floors, which also had separate entrances with vestibules and main 
staircases, there were hotels with restaurants, apartments, and administrative premises. 

At the beginning of the 20th century, hotels based on the best European hotels were built in the 
center of Vladivostok. An example of structures of this type are the buildings of the Pacific 
Ocean, Europe and Versailles hotels flanking the beginning of the central street of Vladivostok 
Svetlanskaya, as well as the Golden Horn, German and Central, emphasizing the intersection 
of Svetlanskaya with Aleutskaya street. The architecture of the buildings traces the features of 
neoclassicism, oriental and rationalist modern. 

In dynamically developing Harbin, profitable houses and hotels have also become widespread. 
However, in the pre-revolutionary period considered in the study, their number was not large. 
We note the two-story tenement house of I. F. Chistyakov on Vokzalny Prospekt in Harbin, 
1912 by Yu. P. Zhdanov, representing an expressive example of eclectic architecture with 
a combination of motives of classical architecture and modern. Among the later buildings, the 
construction of which went on in the so-called émigré period, the profitable house of 
Y. D. Yagunov, built in the early 1920s according to the project of the railway engineer 
G. G. Dorian. 

In some cases, the buildings combined several functions at once, such as, for example, the 
building of the theater-restaurant-hotel “Modern” built by civil engineer S. A. Vensan in 1913. 

3.2.Public buildings 

3.2.1. Administrative buildings 

This group of objects primarily includes buildings of regional and city government offices, 
security and law enforcement agencies, courts and other administrative buildings of the civilian 
(Ministry of the Interior) and military departments. Work with this group of buildings was 
typical for civil and military engineers, which is quite naturaly, given their departmental 
affiliation. Despite the variety of objects, these are predominantly lapidary two-story buildings 
with a pitched roof built in the style of eclecticism with a combination of garrison architecture 
and neoclassicism. As a rule, partly for economy, the walls of these buildings were built of 
brick from the front “chain” masonry and were not plastered (city government in 
Blagoveshchensk (architect I. I. Bukovetsky, 1890); office building of the Priamur governor 
general in Khabarovsk (V. G. Mooro, 1895–1896); Headquarters of the Amur Military District 
(construction according to the standard design, engineers N. V. Zuev, N. G. Bykov, 1898). The 
use of plaster was mainly characteristic of the development of the central part of Vladivostok. 
For example, the City Council building which were built in 1895 on the Svetlanskaya street had 
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plastered walls, against the background of which white classic decor was expressively 
distinguished.  

It should be noted that at that time, police departments and fire departments were offen 
combined in one building. For example, it is the building of the city police department and the 
second fire department, built in Blagoveshchensk under the project of military engineer 
E. I. Schaefer in 1894–1896. The motives of classical architecture were used by military 
engineers of Vladivostok in the construction of the buildings of the Vladivostok port and the 
Siberian flotilla (I. I. Zeyestrandt, 1903) and the Marine headquarters (I. A. Zaborovsky, 1909–
1911). 

It should be noted separately the prison buildings, in the construction of which civil engineers 
took part at different times (in Khabarovsk—S. O. Ber, in Blagoveshchensk M. I. Laschenko, 
in Ussuriysk N. D. Fedoseev). 

3.2.2. Cultural and entertaining 

This group of objects includes theaters, circuses, public assembly buildings, built in the cities 
of the Far East at the turn of the 19th–20th centuries. In contrast to the administrative, cultural, 
educational and entertainment facilities were built mainly by private order, as a result of which 
their architecture is more freedom and expressiveness. In Vladivostok, this is the building of 
the Golden Horn Theater (I. S. Baginov, 1901–1903), a hippodrome (V. A. Planson, 1902–
1907 took part in the construction), the Lotos cabaret theater, and the Railway Assembly 
(V. K. Livin (Goldenstedt), 1908 and 1912) and the Marine Assembly (I. I. Zeestrandt, 1906). 

In Khabarovsk it is a museum of the Russian Geographical Society (L. O. Tchaikovsky, 1896–
1899), a public meetings building (V. A. Rassushin, 1900–1901), an officer meeting building 
(superstructure 1914–1916, a project of engineer A. Nikolaev-Trukhanin, production works by 
L. O. Tchaikovsky), circus theater on Nikolaevskaya Square (M. M. Oskolkov, 1909). 
Separately, it is worth highlighting the complex of objects of the Amur exhibition dedicated to 
the 300th anniversary of the Romanov dynasty, which was held in Khabarovsk in 1913. A plot 
of about 26 hectares was allocated for this large-scale event in 1911 in a city park. Indoor 
facilities, separate pavilions, showcases and awnings were built to house exhibits. Graduates of 
St. Petersburg architectural and engineering schools took an active part in organizing and 
designing this complex. The main facade of the street panorama and the exhibition pavilion of 
the cities of the Far East were completed by civil engineer V. K. Levteev, pavilion of the firm 
Churin military engineer—B. A. Malinovsky, the author of the pavilion of the company Kunst 
and Albers and the theater is another military engineer M. M. Oskolkov.  

In Nikolaevsk, this group of buildings includes the unsaved wooden building of the People’s 
House, designed by the civil engineer B. M. Tustanovsky. In Harbin—the railway assembly 
(K. Kh. Denisov, 1911). 

Various arches, obelisks, and monuments can be attributed to this group of objects, in particular, 
a series of triumphal arches, built in 1891 in honor of the arrival of Tsarevich Nikolai (in 
Blagoveshchensk—I. I. Bukovetsky, in Khabarovsk a group of architects led by 
S. A. Monkovsky); pedestal for the monument to N. N. Muravyov-Amursky 
(N. F. Alexandrov, 1891); obelisk in memory of the participation of troops in the construction 
of the Ussuri railway (N. V. Zuev, 1909). 
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3.2.3. Educational 

The construction of educational institutions of different types was reflected in the professional 
activities in the Far East of graduates of all the educational institutions in question. In 
Vladivostok A.-K. A. Gvozdiovsky, one of the graduates of the architectural department of the 
Academy of Arts, is architect of the building of the Oriental Institute (1896–1899) and an author 
of the project of redevelopment of the warehouse building “I. Langelite and Co. Trading House” 
under the city school (1886). 

Graduates of the Institute of Civil Engineers are authors of projects and builders of a large 
number of educational institutions in different cities in the region. In Blagoveshchensk, this is 
a City District School in Memory of the 300th Anniversary of the Romanov Dynasty (1911–
1913), a City District School in Memory of the Civil War (1912–1914) by R. I. Blum; 
Alekseevskaya Gymnasium (1902–1911) a project and an estimate for the construction of 
which was developed by A. R. Stankevich, he also supervised the construction of the Diocesan 
Women’s School (1903–1906). 

In Vladivostok, civil engineers built a church-school “All Who Sorrowful Joy” (1904–1905), 
a mixed 2-grade school named after Count Governor-General of Eastern Siberia 
N. N. Muravyov-Amursky (1908–1909)—I. S. Baginov; Commercial School (1910)—
S. A. Vensan (with architect F. F. Postnikov), Alekseevskaya Gymnasium—S. A. Vensan; 
School of N. P. Cherepanov (1909–1910)—V. K. Livin (Goldenstedt); the building of the 
female gymnasium of Maria Sibirtseva (1903)—V. A. Planon.  

In Khabarovsk, the building of a Real School (1900–1903)—S. O. Behr (co-author 
A. V. Pernits); Former Gymnasium N. E. Chernyavskaya (1915–1917)—V. K. Levteev; 
Female Gymnasium (1894, not preserved)—S. A. Monkovsky. In Ussuriysk under the project 
of civil engineer S. O. Ber was built by the Vocational School in 1902–1905, and by the project 
of A. N. Aristov—2-year ministerial school in the Ilyinka village in 1909. 

Work with the architecture of educational institutions continued in the so-called emigration 
period. It is known that in Harbin, according to the projects of civil engineers, a number of 
outstanding architectural objects were built. In particular, the Japanese elementary school 
(Yu. P. Zhdanov, 1922), the building of the Pu-Yu Gymnasium (V. K. Wels, 1924–1927) 

In the works of military engineers—graduates of the Nikolas Engineering Academy there are 
also buildings of educational institutions. So, in Blagoveshchensk E. I. Shefer built the 
Alekseevskaya girls’ gymnasium (1910–1911) and the Annunciation men’s gymnasium (1911–
1913). In Vladivostok authorship of N. V. Konovalov owns the Building of the Spiritual 
Consistory of the Vladivostok-Kamchatka diocese (1910–1912). 

In Khabarovsk, the buildings of military engineers include: not preserved Nikolaev 3-class 
school (Yu. Z. Kolmachevsky, 1896–1897); Girls' gymnasium (V. G. Mooro, 1898); 
Innokentyevsky school (Yu. Z. Kolmachevsky, 1900); Cadet Corps (B. A. Malinovsky, 1902–
1905, and M. E. Redko, 1914–1916). 

The layout of such structures was quite traditional and similar, but in the stylistic respect and 
shaping, diversity is noted. The construction of railways in the Far East and in the north of 
Manchuria led to the emergence of a large number of suburban settlements, the main contingent 
of the population of which were builders, maintenance workers of communication lines and 
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railway stations, as well as their families. The remoteness of such settlements from the large 
cities of the region necessitated the formation of an appropriate station infrastructure, including 
schools. The construction of such facilities by typical projects was carried out by engineers of 
the railway (for example, G. V. Adrianov at the stations of Undurga (Adrianovka), Onon 
(Olovyannaya) and Borzya). 

3.2.4. Medical institutions 

Buildings of medical institutions form a rather large group of facilities that were built in all 
cities of the Far East. However, in the works of local architects and engineers, representatives 
of St. Petersburg schools, this theme was not widely spread. We should note the building of 
laboratory for tuberculosis patients in Khabarovsk (Yu. Z. Kolmachevsky, 1917) and the 
building of the central railway hospital in Harbin (A. K. Levteev, early 20th century). 

3.2.5. Cult objects 

In the period under review, the population of the Far East consisted people of various 
nationalities and faiths. Of course, this lead to demand for architecture of various religious 
institutions. Due to the considerable remoteness of the region, the short construction time when 
religious buildings constructed, local architects used albums of typical projects, adapting them 
to local conditions, and also built churches and other religious buildings based on analogues 
existing in central Russia. 

The study showed that as in case of educational institutions in the construction of cult objects 
graduates from all four St. Peterburg schools took part. The graduates of the architectural 
department of the Academy of Arts were architects of the wooden Church of the Intercession 
of the Holy Virgin in the Alexander post, the brick chapel commemorating the deliverance of 
Tsarevich’s heir, Tsar Nicholas II, from an assassination attempt in Otsu when traveling across 
Japan in 1891 to Sakhalin Island (I. A. Charushin, 1891–1893 and 1893); project of the 
cathedral for Port Arthur (A. I. von Gauguin, 1899), Iverskaya Church in Kharbin 
(K. Kh. Denisov, 1907). 

Graduates of the Institute of Civil Engineers took part in the design and construction of a large 
number of Orthodox and Catholic churches and temples. In Blagoveshchensk, this is the Roman 
Catholic Church of the Mogilev Archdiocese (L. O. Tchaikovsky, 1896, 1911) and the 
Cathedral (M. I. Lashchenko, 1914). In Vladivostok, the Catholic Church (V. A. Plananson, 
1909–1921) and the Lutheran Church (architect G. R. Junghendel, builder V. A. Plananson, 
1907). In Khabarovsk, according to a typical project, a civil engineer S. O. Ber built the 
Assumption Cathedral (1883–1886), the draft of the first variant in 1880 was completed by the 
military engineer N. F. Alexandrov. It is also known that S. O. Ber was the author of temples 
in Dmitriyevka and Grigoryevka villages. In Ussuriysk civil engineer B. A. Tustansky were 
architect of not preserved wooden temple (1913–1917). 

The St. Nicholas Church project for Harbin was completed by a St. Petersburg architect—civil 
engineer I.-T. V. Padlevsky in 1896, and three years later, its construction in Harbin was carried 
out by A. K. Levteev and V. K. Vels. Later on the Project of N. A. Kazi Giray in Harbin built 
the church of St. Stanislav (1906–1909). 
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Military engineers also took part in the construction of religious buildings. In particular, 
E. I. Shefer in 1891 led the construction of the cathedral in the name of the Annunciation of the 
Mother of God, and M. M. Oskolkov were built Trinity Church in the 1896–1902. 

In Vladivostok, authorship of P. E. Bazilevsky belongs to St. Nicholas Chapel (1892–1896), 
and according to the project of I. I. Zeestrandt with the participation of V. I. Zhigalkovsky was 
building the Assumption Cathedral. He later participated in the construction of the Cemetery 
Church (1892–1893) and St. Nicholas Cathedral (1894–1901) in Ussuriysk. 

In Khabarovsk, military engineers built the Innokentievsky Church (1898)—(V. G. Mooro, 
1898) and the Alekseevskaya Church (M. E. Redko, 1914). 

In the period of emigration by the projects of M. M. Oskolkov in Harbin were built the 
St. Sophia Church (1923–1932) and the lost Chapel-monument to the Crowned Martyrs (1936).  

It is noteworthy that if in central Russia architects of the corresponding faith were involved in 
the development of projects and the construction of Orthodox and Catholic churches, but in the 
Far East this rule was almost never observed. This is probably due to a lack of architects and 
engineers in the region. 

The construction of Orthodox buildings in the villages adjacent to the railway stations at that 
time was connected with the state program for the construction of the Trans-Siberian railway. 
To develop new vast sparsely populated territories of the eastern outskirts, the state was 
engaged not only in the development of transport links, but also in the solution of social and 
educational issues. Road builders, convicts and immigrants had to not only be settled in a new 
place, but also spiritually nourished. Such temples and churches, built at many large stations of 
the Trans-Siberian Railway, were popularly called “railway churches.” So, for example, in 1901 
at the Pogranichnaya station (now Suifenhe), N. S. Sviyagin built a wooden church in honor of 
St. Nicholas of the World Wonderworker. G. V. Adrianov supervised the construction of 
a number of churches at the stations of Undurg (Adrianovka), Onon (Tin) and Borzya. 
N. I Prilezhaev was the author of the projects and the builder of churches at the stations of 
Evgenievka and Shmakovka. 

3.2.6. Post office 

The post office is an integral part of any modern city, and of course in the pre-revolutionary 
period, in the absence of other alternative forms of communication, such objects were of 
particular importance. As a result, their architecture was distinguished by its splendor and 
expressiveness using motifs of Neoclassicism and the Russian styles. The study showed that 
the authorship of several buildings of postal and telegraph offices belonged to graduates of 
St. Petersburg architectural and engineering schools (in Blagoveshchensk, E. I. Shefer (1900), 
in Vladivostok—A.-K. A. Gvozdiovsky (1897–1899), Khabarovsk—S. O. Ber, I. A. Shatilov 
(1901–1903), in Harbin—the project of Chinese Post office building made S. A. Vensan (early 
20th century). 

3.2.7. Trading houses, shops and related buildings 

The active development of business trade in the Far East during the period under review is 
primarily associated with the operation of the port-free system in the region. Favorable 
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economic conditions attracted many Russian and foreign entrepreneurs to the eastern outskirts 
of empire. At the beginning of the 20th century, the largest volume of trade in the region was 
accounted for by two large trading houses “Kunst and Albers” and “I. J. Churin & Co.,” which 
had their representative offices in different cities of the region and collaborated with leading 
Far Eastern architects. So, according to the project of the military engineer E. I. Shefer in 
Blagoveshchensk was built the building of a universal store TH “Kunst and Albers” (1894–
1911), in Khabarovsk, the authorship of a military engineer B. A. Malinovsky owns a complex 
of buildings of a trading house, a dormitory for employees and a warehouse of the Kunst & 
Albers trading house (1908). A well-known Vladivostok architect, civil engineer V. A. Planon 
activly collaborated with this company. According to his projects, the headquarters building of 
TH “Kunst and Albers” was built in Vladivostok (1903), and another building of this trading 
house was built according to his design in Ussurisk at the beginning of the 20th century. Planson 
also collaborated with TH “I. Y. Churin & Co.” He is the author of the projects dormitory for 
employees (1906–1907) and the store of the Trading House (1916–1917), built in the center of 
Vladivostok. In this section, we note and the building of the store Chistyakov, built in 
Vladivostok on the project of another civil engineer I. S. Baginov in 1903.  

An analysis of the objects of this group showed a variety of architectural solutions and forms 
used by architects of the region. Some compositional inconsistency at the level of the planning 
composition is noted, due to the fact that the buildings were built in several stages. A distinctive 
feature of many of these objects is the presence of large display windows and hall layout of the 
premises. The presence of the L-shaped plan is also characteristic, a similar solution allowed 
architects to include the space of two streets at once in the attraction zone of these retail objects. 
The structures were richly decorated with stucco and sculpture and in appearance resembled 
palaces rather than trade objects. Significant stylistic diversity is noted. In the architecture of 
shopping facilities, motives of the Russian style, neoclassicism and even Gothic are traced. The 
great competition between trading houses forced their owners to look for new ways to surprise 
visitors (unforgettable architecture and palace interiors, engineering innovations in the form of 
steam heating, etc.), which makes such buildings to this day stand out significantly in the 
surrounding buildings. 

3.2.8. Banks 

Active economic growth in the region and the development of trade and entrepreneurship 
contributed to the emergence of large banking institutions in the Far East. The architecture of 
these structures is monumental and grand. Remarkable that the use of the motives of classical 
architecture, which during the period under review was quite widespread during the 
construction of banking institutions, the owners of which sought to express the idea of 
sustainability, reliability, monumentality of both the structure itself and the organization located 
in it. Study showd the active participation of civil and military engineers in the design and 
construction of these facilities. In Vladivostok: The gold-alloy laboratory of the Russian-Asian 
Bank (V. K. Livin (Goldenstedt) early 20th century); Vladivostok branch of the State Bank 
(V. A. Planson, 1902–1906); Russian-Asian Bank (P. E. Bazilevsky, 1899–1903). In 
Khabarovsk: State Bank (L. O. Tchaikovsky (co-author N. F. Alexandrov), 1904–1907). 
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3.2.9. Consulates 

The political and economic interaction of the Russian Empire with Asian and European 
countries in the context of the active development of the region contributed to the emergence 
of various foreign missions in the region and, as a result, the construction of consulates and 
diplomatic missions. This phenomenon was mainly reflected in Harbin architecture, but similar 
objects were built in other cities. During the study, authorship of some of them was established: 
the building of the Chinese consulate in Vladivostok (P. E. Bazilevsky (1903), the building of 
the Girinsky diplomatic bureau (1919), the house of an English company on Novogorodnaya 
St. (Diagonal st. corner) in Harbin (S. A. Vensan). 

3.2.10. Customs facilities 

The import and export of goods through ports required the construction of another type of 
building—customs facilities. However, in the work of Far Eastern architects this buildings was 
not very widespread, probably in view of the utilitarian nature of these objects and the use of 
standard solutions. We note the two-story Customs Warehouse (1906–1907) and the project of 
the Customs building (1913) in Vladivostok, authorship of V. A. Planson and the building of 
Chinese customs, designed by V. K. Vels. All of these structures were in eclectic forms with 
a combination of classical and modern elements. 

3.2.11. Port facilities 

The development of the Vladivostok port required the construction of appropriate facilities. The 
study showed that the creation of some of them was worked by graduates of the engineering 
schools in question. So, for example, a military engineer V. V. Ivanov was engaged in the 
construction of a dry dock in 1890–1897. Another military engineer V. P. Zotikov worked as 
an engineer in the offshore construction of the Vladivostok port. In 1900–1906, civil engineer 
I. S. Baginov served as a manufacturer of work on the arrangement of the Vladivostok port. 
Railway engineer V. A. Barry examined port workshops in Vladivostok for reorganization. 
Based on the results of this survey, the State Far-Eastern Shipbuilding Plant was created on the 
basis of the workshops, where V. A. Barry was appointed as chairman. On Sakhalin island 
architect I. A. Charushin built a marina berth for ships at the Aleksandrovsky post. 

3.2.12. Train stations 

The most important event that unfolded in Russia at the end of the 19th century was the 
beginning of the construction of the Great Siberian Route (Trans-Siberian Railway) by the state, 
as a result of which numerous new towns and cities appeared on the map of the country. In the 
period 1897–1903, in parallel with the construction of the Trans-Siberian Railway, a highway 
was laid along the territory of Manchuria (Sino-Eastern Railway) in order to create the shortest 
route to the Pacific Ocean and connect Transbaikalia and the Ussuri Territory. The construction 
of the railways not only contributed to the rapid economic development of the region, but also 
led to the appearance of a new type of building in the region—railway stations. In addition to 
the main passenger service functions, many railway stations were excellent examples of 
architectural monuments that met the unique look of their cities. It was established that the 
architects of the station buildings in Vladivostok were the first building—P. E. Bazilevsky, 
1891–1894, the second building—V. A. Planson, 1909–1912, in Ussuriysk—V. A. Planson, 
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1908–1910, in the old Harbin—V. K. Vels, 1925, at the stations Yablonya, Paishan, Ujimihe—
N. A. Cruze, 1922–1929. When developing their projects, Far Eastern architects relied on 
metropolitan designs to keep up with fashion. This explains some compositional and stylistic 
similarities between the Far Eastern and St. Petersburg and Moscow stations. 

3.3.Industrial facilities 

The period of the second half of the 19th–early 20th century in the history of the Russian Far 
East is the heyday of trade and entrepreneurship. Industry in the region then developed at a slow 
pace. The established tariffs on the railway facilitated the import of European Russian goods 
and fundamentally undermined the local industry. The poor population of the region, the limited 
marketing of industrial products, the high cost of cargo delivery due to the distance, the poor 
state of communication lines and many other factors had a detrimental effect on private 
initiative, making the construction of industrial enterprises expensive and unprofitable. 
Nevertheless, in the region, mining was carried out, fish, crab and other sea products were 
caught, the development of the forestry and factory industry began (metalworking, 
shipbuilding, etc.). Particularly rapidly growing in the Far East, brick production. The 
construction of new cities required large volumes of building materials, which were cheaper to 
produce locally. With the establishment of the Amur Governor General in 1884, brick factories 
began to be built throughout the Russian Far East. Gradually, the adoption of brick as the main 
building material took place. Brick buildings quickly supplanted wooden buildings and the Far 
Eastern cities began to take on the appearance we are familiar with today. So, in 1892 on the 
island of Sakhalin, designed by architect I. A. Charushin was built a brick factory. The presence 
of military units in the region required the construction of appropriate facilities for the 
production and storage of weapons. So in Khabarovsk in 1912, military engineers 
G. S. Porokhovschikov and M. E. Redko was built Arsenal. From the end of the 19th century 
distilleries began to appear in the region. One of them—the complex of buildings of the 
Bogdanov distillery was built by military engineer B. A. Malinovsky in the 1900s. In 1921, in 
Harbin, under the project of a civil engineer S. A. Vincent built the tobacco factory of the 
Lopato brothers. 

3.4.Engineering facilities 

The construction of various kinds of engineering structures is an integral part of the 
development of the architecture of any city. The study revealed the participation of graduates 
of St. Petersburg architectural and engineering schools in the creation of some of them. In 
Blagoveshchensk there are city power station (M. I. Lashchenko, 1908), extension (boiler 
room) to the Grigoryev Theater building on Officer st. (F. Ya. Mishin). In Vladivostok it is the 
city embankment (V. A. Planson, 1900). Near Khabarovsk it is Amur bridge (12 coffer supports 
and reinforced concrete overpass—A. A. Lushnikov). At Nikolsk-Ussuriysk station it is Water 
supply (N. I. Prilezhayev). 

3.5.Military facilities 

The construction of defensive structures in the Far East actually began from the first days of 
the foundation of settlements and continued until the events of the October Revolution. During 
this time, three large defensive complexes were built in the region: a network of coastal batteries 
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in Petropavlovsk-Kamchatsky, the “Chnyrakhkh Fortress” Nikolaevsk-on-Amur and the 
Vladivostok Fortress, consisting of many objects for various purposes. In addition, Russian 
engineers worked on the construction of defensive structures in Port Arthur, Qiqihar, Fulhaerdi, 
Kuanchenztsy, Harbin, Liaoyang and Erdagou in China. 

4. CONCLUSIONS 

As a result of the study, the author proposed a typology of objects of creative heritage of Far 
Eastern architects and engineers—graduates of St. Petersburg architectural and engineering 
schools.  

The analysis showed a typological, space-planning and stylistic diversity of their buildings in 
the region, both preserved and lost. Nevertheless, despite the diversity and a large number of 
heterogeneous objects, certain patterns can be identified. Firstly, the choice of objects for design 
was largely predetermined by the specifics of the educational training of specialists. So civil 
engineers participated in the construction of a greater number of civilian facilities and 
substation infrastructure. Military engineers were engaged in the construction of defensive 
structures and carried out the construction of various kinds of facilities for the military 
department. Railway engineers built railways and related facilities, and the activities of 
architects—graduates of the architectural department of the Academy of Arts were associated 
with the design and construction of unique objects. Secondly, the customer for the construction 
of most of the facilities, especially at the initial stage, was the state (civil and military 
departments, city administrations, etc.), this circumstance, of course, limited the freedom of 
architects. It should be noted that the construction of some objects was carried out according to 
typical projects, and regional architects could only adapt them to local conditions. On the other 
hand, partly due to the remoteness of the region and the lack of narrow specialists, and partly 
due to the high qualifications of St. Petersburg architects and engineers, their universality is 
noted. So, many civilian and military engineers, and later (during the period of emigration) and 
railway engineers in the regional and city government bodies held the posts of architects, many 
of them were engaged in architectural design, carrying out projects and constructing large and 
expressive objects in their architecture. 

The development of trade and entrepreneurship in the region gave impetus to the development 
of private design, which led to the emergence in the Far East of custom design and the 
emergence of a large number of new types of objects that currently make up the gold fund of 
architecture of the Far East. 

ACKNOWLEDGEMENT 

The reported study was funded by RFBR according to the research project № 18-312-00058. 

REFERENCES 

1. N. P. Kradin, “Transformation of the Far Eastern Cities in the 18th–19th Centuries” in 
Fundamental and Priority Applied Research of the RAACS on the Scientific Support of 
the Development of Architecture, Urban Planning and the Construction Industry of the 
Russian Federation in 2008. Moscow, vol. 1, pp. 263–269, 2010. 



24th Inter-University Symposium on Asian Megacities 

 

202 

2. S. S. Levoshko, “Russian Architecture in Manchuria: the End of the 19th–the First half 
of the 20th Century.” Chast. Collection: Khabarovsk, 2003. 

3. C. Van, “The History of Russian Emigration in Shanghai.” Russian Way; B-ka-fund 
“Russian Foreign”: Moscow, 2008. 

4. S. Zeng, “Russian Emigration in Harbin in the First Half of the 20th Century” Scientific 
Initiative of Foreign Students and Graduate Students of Russian Universities. 2013. 

5. H. Chang, “Harbin architecture.” Harbin, 1990. 

6. Y. V. Okhotnikova, “Orthodox Temple Architecture of the South of the Far East of 
Russia (Mid 19th–Early 20th centuries).” Moscow, 2011. 

7. D. S. Maslennikova, “The Architecture of Orthodox Churches in Eastern Asia: the 
Beginning of the 19th–the First Half of the 20th Centuries”. Novosibirsk, 2006. 

8. A. P. Ivanova, “The Architecture of the Shopping Complexes of the Far East of the 
Second Half of the 19th–Early 20th Centuries: on the Example of the Firms ‘Kunst and 
Albers,’ ‘I. Ya. Churin and Co.’” Novosibirsk, 2006 

9. T. A. Smolyaninova, “General Consulates As the Basis for the Formation of the Streets 
Ensemble in Harbin (the District of the Novyi Gorod)”. Bulletin PNU, vol. 4(47), 
pp. 141–150, 2017. 

10. T. A. Smolianinova and N. P. Kradin, “Buildings of Consular Institutions as Part of the 
Historical Appearance of Dalian (Manchuria).” IOP Conference Series: Materials 
Science and Engineerin, vol. 463, pt. 1, 2018. https://iopscience.iop.org/article/ 
10.1088/1757-899X/463/2/022082. 

11. A. A. Artemieva, “Modern in the Architecture of the Far Eastern Cities.” Khabarovsk, 
2007. 

12. L. E. Baklyskya, “East and West in the Far Eastern Architecture.” Pacific National 
Univ. Publ.: Khabarovsk, 2015. 

13. A. P. Ivanova, “Architecture of the State Idea in the Russian Far East.” Balandin 
Reading, no. 1, pp. 319–324, 2014. 

14. I. Mao and I. Mao, “General Characteristics of the Style of Residential Buildings of the 
CER.” New Ideas for the New Century—2016, vol. 1. pp. 142–146, 2016. 

15. J. Kai and D. Liu, “Analysis of the Spatial Image of the Buildings of the Eastern 
Railway Stations of China.” New Ideas of the New Century—2015, vol. 1, pp. 160–166, 
2015. 

16. N. P. Kradin, “Architects of Khabarovsk (1858–2013)”. Khabarovsk Regional Printing 
House: Khabarovsk, 2012. 

17. Y. Franque and A. A. Khisamutdinov. “Vladimir Pranson: from Vladivostok to San 
Francisco.” Rubezh Publishing House: Vladivostok, 2014. 

  



Pacific National University 

 

203 

 

The Influence of the Landscape Conditions 

of the “Dersu” Astrobleme on the Urban Planning Image  

of Khabarovsk City 

 
Ivan Danilov 1 

Pacific National University, Khabarovsk, Russia, iadanilov@mail.ru 

ABSTRACT 

The urban planning image of Khabarovsk is not typical for the natural conditions of the Russian Far East. It has 
some basic features similar to the characteristic conditions of the Russian Plain. Due to this, in Khabarovsk there 
is repeated the town-planning approach characterized more for a traditional Russian city than for a Far Eastern 
one. This is a mountain-plain type of city. The rest of the Far Eastern cities are either plain or mountain type. The 
reason for this urban planning anomaly in Khabarovsk was an anomalous geological phenomenon. Khabarovsk is 
located inside the crater formed by the fall of a large asteroid in the Late Mesozoic time. As a result of the central 
uplift, a local plateau was formed in the crater (postglacial relief of the Russian Plain initially—also plateau) in 
the North and Centre districts of modern Khabarovsk. Subsequently, it was changed by local watercourses. The 
same process took place in the southern lowland part of the city. The unique relief of Khabarovsk is a collection 
of hollow areas located along the long main watershed. The unique relief of the Khabarovsk city territory has 
become the natural regulations of its highly original building development. 

Keywords: landscape and town-planning cluster, relief components, city-planning tissue, accent building, Russian 
City, City-Tiger 

INTRODUCTION 

In a previous study on the similarities and differences between typical city blocks in the three 
largest regional centers in the south of the Russia’s Far East such as Blagoveshchensk, 
Vladivostok and Khabarovsk special attention was paid to the significance of the Dersu 
Astrobleme to shape topography of the area in Khabarovsk [1]. The conditions of the 
topography of the area due to fundamentally different processes of geomorphogenesis (the 
origin of the forms of the topography of the area in connection with the history of their 
development) are the basis of their differences during other consimilar circumstances. While 
the topography and the associated process of its formation in Blagoveshchensk and Vladivostok 
are typical for the Far East, in Khabarovsk it is unique and inimitable. 

5. THE FEATURES OF THE TOPOGRAPHY 

This atypicality forced to turn to the geological hypothesis of the Khabarovsk ringing 
morphostructure (astrobleme) [2]. It was the result of the fall of an asteroid in the Late 
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Mesozoic. Khabarovsk is located on the territory of this astrobleme. So its location and 
boundaries are determined by special conditions. The topography of the urban area was formed 
over a long geological time and got its typological features. 

5.1.The structure of the Khabarovsk Astrobleme 

The astrobleme landscape was revealed thank to geological research. Due to the long existence 
in this area, it has transformed so much that the ordinary viewer such as a local resident or 
a guest will not even suspect to be present inside a huge crater.  

“Its central part is clearly expressed in the topography by the arcuate Khekhtsir and Vandan 
ridges symmetrical to each other apparently which once formed a single ring ridge. The eroded 
southwestern segment of the central ring is located on the territory of the People’s Republic of 
China near the city of Fuyuan where it is represented in the bend of the rivers Amur and Ussuri 
by low-mountain massif of the Iligashan Mount. Along with the central ring with a diameter of 
100 km in the modern topography and the hydraulic network there are clearly visible segments 
of the larger outer ring watershed with a diameter of 280 km which runs along the right bank 
the upper reaches of the Khor including the Tiger House mountain range, the hills are the 
remains Matai, in the south, and Khalkhadyan, in the north. Probably, this large ring 
morphostructure has a much more complex concentric (telescoped) internal structure [2, 
1834].” 

5.2.Features of the topography of the area in Khabarovsk 

If the topography of the area of the Far East is due to long tectonic folds in the zone of contact 
of lithospheric plates then the Khabarovsk situation is a form of a complex crater due an asteroid 
was falling on the planet. Inside the crater bowl, the city’s area is raised above the Amur 
floodplain filling this reservoir and stretched between the central and ring elevations along a 
single main watershed, resembling an hour hand inside a round dial. Only the “arrow” of the 
main watershed is not adjacent to the center but to the circumference—to the Khekhtsir ridge. 
Therefore, the city is located on a kind of “peninsula” surrounded on three other sides by the 
wide valleys of the Ussuri, Amur and Sita rivers. 

According to the topography forms, Khabarovsk is divided into the northern hillocky and the 
southern plain parts. Despite the difference in elevations and geological layers this city parts 
both are fundamentally similar thank to the method of transformation of the topography during 
the whole time of the existence of the astrobleme. The original terrain created simultaneously 
with the crater gradually was underwent a denudation. At present, a typical element of the 
Khabarovsk topography is a hollow area that stretches from the main watershed to the channel 
of the nearest river and is separated from the neighboring hollow areas by subdivides. The entire 
territory of the city is a collection of hollow areas embedded into the common dendrite of the 
main and a number of secondary divides. Although, from the point of view of 
geomorphogenesis this is a secondary factor but it is that significantly influences the town-
planning policy throughout the entire history of the city. 
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6. CORRELATION BETWEEN THE BUILDING DEVELOPMENT 
AND THE TOPOGRAPHY OF THE AREA IN KHABAROVSK 

The urban history of Khabarovsk is a gradual, ordered in space and time, the development of 
various components of the topography by the various components of the building development 
(Table 1). The composition of all elementary topography components is converted into a model 
of the hollow area [3]. The landscape and urban-planning cluster of hollow area can serve as 
a basis for the further urban-planning development of the whole of Khabarovsk. In the semantic 
opposition “Mountain—Hollow Area”, it is the hollow area that personifies the integrity of the 
urban-planning tissue of Khabarovsk. 

6.1.Mastering of hollow areas in the city center 

For the first time, the level of full development of the hollow area in Khabarovsk was achieved 
in the 1960th. This event had a double meaning: 

1. Together with the arrangement of Amur and Ussuri boulevards, full transport and 
pedestrian interconnection of all quarters of the city center was achieved, that took the 
features of a full-fledged planning district; 

2. In turn, the boulevards were arranged along with the laying of city highways for the full 
transport connectivity of all disparate neighboring settlements with the city center, as 
a result of which the integral city-planning tissue of the city was formed. 

As part of the transport connectivity program of the entire city, the boulevards simultaneously 
provided a complete connection between the “mountains” of the city center. Thanks to the 
creation of boulevards in the thalwegs of hollow areas the dual problem of connectivity of urban 
areas was solved: at the local and citywide levels. 

6.2.The significance of the hollow cluster model for the urban development of Khabarovsk 

Therefore, the development of two hollow areas of the city center can be considered a turning 
point at the understanding of the urban morphology. Up to this point, town-planning means of 
shaping hollow areas were formed. After that, for the formation of the town-planning tissue of 
the city, a new enlarged spatial-planning module is needed—a landscape and urban planning 
cluster. As it turned out earlier only the hollow area can claim such a role [4]. 

Throughout the history of the city there was a semantic opposition at the understanding of the 
forms of topography in the city expressed by a local bon mot: “Three mountains, two holes.” 
At first of all, the mountains were mastered, thalwegs for a long time remained badland. 
Therefore, the meaning of the “mountain” was accentual. Thalwegs were alien elements of 
wildlife, they isolated the mountains. Because of this, the city (urban center) was fragmented. 
Upgrading of these “holes” with boulevards united city together and make it integral. City of 
mountains is divided. The set of hollow areas just the reverse is true gives the collected 
functional structure to the city. This is the advantage of the “hollow area” over the “mountain.” 

7. DEVELOPMENT ALONG THE CREST OF SLOPE 

In turn, hollow area clusters are built into the system of upper terrain grounds along the entire 
set of watersheds. 
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Table 1. The Stages of Khabarovsk urban planning modernization (for the City Center). 

# Historical 
time range 

Nature of urban planning modernization Relief 
components 

Development 
components 

1. 1860–1880 The wooden development of the Amur coastal strip within the 
boundaries of the Artillery, Middle and Military mountains; the 

main street runs along the coastline on the cape of Middle 
Mountain—latitudinal; the main square at the top of the cape 

Amur shore Embankment 

Slopes Streets 

Cape Square 

2. 1880–1890 The expansion of wooden buildings on the slopes of these 
mountains, the appearance of the first stone buildings 

Slopes Quarters 

3. 1890–1900 Compaction of slope development by sites fragmentation, the 
expansion of stone building mainly along the streets on 

watersheds 

Slopes Quarters 

Watersheds Streets 

4. 1900–1920 Expansion of the development till the Ussurian railway built on 
the main watershed, the external borders of the modern city center 
were reached; the active street frontage of the meridional streets 
on the mountain watersheds (crests of slopes); main street on the 

watershed of Middle Mountain—Muravyev-Amursky St. 

Slopes Quarters 

Watersheds Streets 

5. 1920–1940 Enlargement of the development up to middle storied and 
redistribution of sites for public buildings by nationalization of 

land, socialization of property and expansion of public functions 

Slopes Sites 

6. 1940–1970 Expansion and enlargement of stone middle-rise buildings, active 
construction of parks by unification of land plots; by 

arrangement of the Amur and Ussuri boulevards in the 
intermountain thalwegs, a full functional and compositional 

fusion of the center takes place; embankments construction 
along Amur river near Middle and Military mountains 

Hollow 
clusters 

Urban 
planning 
districts 

Thalwegs Boulevards 

Amur shore Embankment 

7. 1970–2000 The appearance and expansion of high-rise buildings for all height 
of the slopes, the beginning of the formation of the facades 
of the slopes of the mountains due to all-frontage buildings 

Slopes Quarters 

8. 2000–… The tendency to the formation of high-density urban development 
along the crests of slopes due to the expansion of the parade space 

Slope crest Streets 

Slopes Sites 

The boundary between the hollow areas and the aggregate dendrite of the upper topography 
area has acquired special significance. A characteristic feature of the traditional Russian city is 
a placing the accent buildings along the crests of slopes that was fully manifested in Khabarovsk 
although peculiar. 

7.1.Crests of slopes in Khabarovsk 

The crests of slopes in Khabarovsk are lined up in a continuous line along the western and 
eastern sides of the main divide. With its convolutions, it bends around the hollow areas, 
separating them from the aggregate upper ground of the terrain. On the one side, it has 
a pragmatic meaning, on the other one—symbolical. The pragmatic meaning is due to the fact 
that the crests of slopes, parallel on both sides of separate watersheds, enframe the main streets 
located on the upper ground of the terrain. Accordingly, the regular-coursed buildings 
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concentrating of takes place on them facing on these streets by the parade facades. This is the 
representative building development of the main streets. The symbolic significance of the 
accent building development located on the crests of slopes is one of the most important 
elements of the town-planning canon of a traditional Russian city. 

7.2.Russian tradition of building along the crests of slopes 

The most important views on the accent buildings along the crests of slopes in a traditional 
Russian city are from afar, that is, most of the species points are located in the low areas, i. e. 
in the valley area. Russian cities were built on the banks of rivers that were the main ways of 
the Russian Plain. A contemporary example is the Zaryadie Park in Moscow. Thanks to this 
project, implemented in 2017, the temples and boyar mansions of Varvarka Street along the 
crest of slope were reopened to view from out the Valley of Moscow River. Moreover, this 
significant line, apart from the buildings of Varvarka, collects throughout its length St. Basil’s 
Cathedral (marks Red Square), the Kremlin’s Spassky Tower (the main one among all in the 
Kremlin), the Cathedral Square temples with the Assumption Cathedral (main temple of the 
Russian Orthodox Church) and Ivan the Great Bell Tower (the geometric center of the 
Kremlin), as well as the Grand Kremlin Palace. This is the most significant and majestic in 
Russia ensemble of accent buildings on the crest of slope. 

7.3.The image of Khabarovsk as a “Russian City” 

In Khabarovsk, the crests of slopes are divided into three types: 1) facial, on the headlands 
facing the Amur; 2) rearmost, along the main watershed; 3) lateral, along subdivides [3]. The 
architectural decision for the facial and rearmost crests of slopes in the city center corresponds 
to the Russian tradition. The temples of the Russian Orthodox Church are set up along three 
facial one, along the two rearmost one – important public objects such as the railway terminal 
and sports Platinum-Arena were set. All these buildings “look” with their front facades into the 
valley space. Such a typological unity of accent buildings along the crests of slopes gives 
Khabarovsk a recognizable image of the “Russian City” [5]. 

8. GEOLOGICAL AND CITY-PLANNING SIMILARITY AND DIFFERENCES 
IN RUSSIAN PLAIN AND KHABAROVSK 

When comparing the morphology of the urban development of Khabarovsk and Vladivostok 
attention is drawn to another feature of the traditional Russian city. The main highways of the 
Russian city are mainly on the upper ground of the topography. Same is in Khabarovsk. In 
Vladivostok highways are laid along the base of slopes and through the passes between the 
peaks. Top marks indicate watersheds and summits without flat areas, since they are peaked. 
These are typical Far Eastern mountains—sopka (kind of young mountains). 

The commonality of the Russian Plain and the territory of Khabarovsk regardless of the spatial 
scale lies in the fact that initially they were a plateau, gradually with the passage of time eroded 
by surface waters. Today they are relatively low hills with flattened tops. Besides, this property 
makes the techniques of city planning analogous. But the morphogenesis of gentle hills on the 
Russian Plain and the territory of Khabarovsk is fundamentally different. The first one was 
smoothed by a huge glacial mass of tens thousands years ago. The second one was appeared as 
a result of the fall of the asteroid in the valley of the Amur River. The first one was pressed 
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down under the giant glacial mass, and the second one was raised up after instantaneous 
pressing in by asteroid. 

9. IMAGE OF THE CITY 

Thank to the understanding of the Khabarovsk topography as a combination of hollow areas 
embedded into the structure of the drainage divides another image of the city in compare with 
“Russian City” was revealed. It is so very convincing due to the existing arguments. Despite 
the different reasons for the two images they owe their manifestation to the different features 
of the urban topography. The various landscape causes of these images were reduced from the 
astrobleme terrain transformed gradually over times. 

9.1.The “Tiger-City” image of Khabarovsk 

Thank to scheme of lines of combined watersheds and watercourses (thalwegs) at the stage of 
studying the components of the topography the orohydrographic structure of the area was 
resembled a striped tiger hide [6]. This observing provided the basis for the graphic 
reproduction of the image of a tiger. Its credibility is supported by the following facts: 

1. The boundaries of urban terrain almost exactly match the contour of the lying tiger in 
a certain pose; 

2. The vertical marks of the territory at a certain scaling coincide with the ratio of the 
vertical marks of the body of the recumbent tiger in the revealed pose; 

3. Amur tiger dwells in the environs of Khabarovsk; 

4. The tiger is the heraldic animal of Khabarovsk (along with the Himalayan bear) and is 
depicted on the city coat of arms against a blue background, this is the heraldic symbol 
of the water element (connection with the water element was the most important in the 
image revealing); 

5. The tiger’s fury in the excited state and the color of its hide can symbolize the energy 
of the mantle magma awakened by the impact of an asteroid on the surface of the Earth 
and partially poured out. In the vicinity of the city geological rocks of volcanic origin [2] 
such as tuff, pumice and basalt have indeed been identified. In particular the famous 
Sikachi-Alyan petroglyphs are made on basalt boulders. 

On the one side this artistic gesture may seem strange. On other side the image personifies the 
totality of the many especial components of the landscape as a whole. It becomes a symbol of 
the locality’s extra unicity and a graphic expression of its spirit—Genius Loci. 

9.2.Two images: differences and similarity 

The two revealed symbolic images of the city are a reduction from the geological and 
topographical circumstances of its location (Table 2). The image of a traditional Russian city is 
associated with the shape of gentle hills, whose slopes descend into a river valley. The slopes 
are toping with the crest line from which the top ground of the topography is beginning. Along 
the crests of slopes there are setting the most significant public buildings which are the city 
symbols. The “City-Tiger” was inspired by the perception of an orohydrographic scheme 
(a combination of lines of drainage divides and watercourses) of the locality as a striped tiger 
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hide. Each of these images is based on a certain complex of separate components of the 
topography that do not coincide with each other. 

The difference is manifested in the ways of perception of these images. “Russian City” mainly 
is perceived by the audience from the river valley. “City-Tiger” is a speculative image of a large 
scale, which can be perceived at night only, thank to luminous lights of the city: either from an 
airplane or from space. But you can see in the aggregate of lights tiger shape perhaps only by 
the power of imagination when you already know about this image. 

“Russian City” is felt when the respective buildings took their positions on the crests of slopes. 
Onwards, this image can be strengthened along with the expansion of the urban development 
and its right application (if there is a public assignment for this image). If you will not adhere 
to the “Russian City” canon so this image may be lost. The image of a tiger is due only to 
topography created by the force of the multimillion-year work of the water element. And it will 
exist until the streams of water, washing away the surface layers of geological rocks, finally 
distort it. This is a natural geoglyph (orohydrographic scheme) in combination with a natural 
bas-relief (local topography). This image lives for millions of years and its life is finite. But this 
life is many times longer than the cultural landscape, including the “Russian City.” The paradox 
is that the territorial boundaries of Khabarovsk on the identified “peninsula” coincide with the 
outlines of the “Tiger.” 

Despite all the differences the components of the topography that determined the city images 
are due to the Dersu Astrobleme. These images are not only inseparable from astrobleme but 
are manifested by it. Thanks to it the “Russian City” so far from the Russian Plain appeared on 
the Russia’s Far East. Hereby it along with the state flag of Russia and Russian Orthodox culture 
marks both the place of the city and the part of the Eurasia’s Far East territory as a Russian 
cultural and geographical space. This pathos along with the phenomenon of astrobleme acquires 
a cosmic character. Perhaps, from cosmic heights this phenomenon does not seem paradoxical. 
The manifestation of the tiger image on the territory where the Amur tiger is considered as 
a host of the Far Eastern taiga was so logical. Paradoxically the Tiger “geoglyph” is analogous 
to the Sikachi-Alyan petroglyphs the basaltic base of which is also the result of the fall of the 
asteroid. 

10. CONCLUSIONS 

The revealing of such images of Khabarovsk as the “Russian City” and “City-Tiger” was the 
result of a deep study of the peculiarities of the topography of the city territory and acquaintance 
with the geological history of the place. It also turned out to be important to reveal the strict 
correspondence between the components of the building development and the topography in 
the city this gave a frame of mind for a delicate understanding of the local natural conditions. 
For the image “Russian City” features of the natural landscape were revealed that correspond 
to the conditions of the East European (Russian) Plain but far from no Far Eastern. For revealing 
the image “City-Tiger” it turned out to be necessary at a certain stage of the study to reproduce 
the orohydrographic scheme of the territory. The paradoxality and unpredictability of these 
images turned out to be due to factors that are not typical for geotectonics of lithospheric plates 
geological circumstances (for usual conditions of geomorphogenesis) but by a circular 
morphostructure (astrobleme) of the locality.  
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Table 2. The sequence of reduction of the symbolic images of the city of Khabarovsk 
from the relief of “Dersu” Astrobleme 

Geological object Components of 
the geological object 

The relief components Stereotype 
of perception 

City 
image 

Basic Elementary 

1 2 3 4 5 6 7 

ASTROBLEME Central 
uplift 

Hills 
(the relict 
of plateau) 

Valley slopes Crest of slope Accent 
development 

RUSSIAN 
CITY 

Complex of 
hollow areas 

Watersheds and 
watercourses 

“Stripes 
on the hide” 

CITY-
TIGER 

The uniqueness of the cosmic phenomenon in the fact of the fall of an asteroid became the 
original cause of the uniqueness and originality for the Far Eastern conditions as well as for the 
ways and methods of forming Khabarovsk urban space and acquisition by it of revealed images. 
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ABSTRACT 

The aim of this work is to identify regions of the spread of foreign influence in China and the study of the 
transformation of traditional architecture and urban planning principles. The penetration of the colonial empires 
in the China and the creation of outposts that have become centers for the dissemination of Western culture are 
examined the article. Analysis of the areas in which most strongly manifested the integration of European 
architecture in traditional Chinese is conducted the example of provinces Guangdong, Jiangsu and Heilongjiang 
in which the foreign presence was most active. Eclectic types of architecture as diaolou, shikumen and the Chinese 
Baroque formed in these regions. 

Keywords: China, architecture, eclectic, Sino-Western style, Europeanization 

INTRODUCTION 

One of the main factors in the development of a unique culture of China was the territorial 
remoteness from European territories, which gave the opportunity of the original development 
of it. While on the European continent, as well as the surrounding areas of the Mediterranean 
coast, the cultural development was focused on the achievements of the neighboring countries 
and was based on the culture of ancient Greece and Rome in most, the development of the 
countries of Eastern Asia didn’t have the influence of West and civilizations of Near East. The 
few attempts of the penetration of culture of Seleucid Empire and the Indo-Greek Kingdom left 
little trace in the development of Tianxia [1]. 

Further communication with Eastern Asia was supported by the European world trade routes, 
the most famous of which was the Silk Road. It should be noted that most trade implemented 
with countries of the Middle East, which also were intermediators in relations with European 
countries. This situation lasted till the 15th century, when the trade route began to fall into 
decay, which was connected to the destruction of the Mongol Empire and the beginning of civil 
wars for its heritage, as well as the development of navigation in Europe. 

Lost of land trade routes became one of the main reasons for the development of maritime trade 
of Europe and the beginning of the Age of Discovery. Western civilization began to acquire 
modern features especially from that period. Similar processes occurred in the Empire of the 
Great Ming, where Zheng He was marching at the beginning of the 15th century. However, in 
contrast to the objective of the European pioneers, Chinese sailors established diplomatic 
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relations, while there were no attempts to create trade routes and trading posts, and especially 
the colonization of new territories. By the middle of the 15th century nautical expedition have 
been banned, as well as a restriction on trade in the border areas. Insulation policy of self-
sufficient China also began in that period. 

In contrast to Tianxia, the main goal of nautical expeditions in Europe, particularly Spain and 
Portugal, was the searching for new outlet and the creation of the outposts that should become 
a base for further colonization of open areas. While South and Central America, the African 
coast and the islands of South East Asia had been colonized very quickly. The meeting with the 
Mughal Empire in India and Ming Dynasty in China had forced the colonizers to limit business 
contacts. At the same time, the creation of supply depots on the coast of India was managed in 
a short time, that became the base for the further occupancy of the country. Penetration to the 
territory of China was only in a few centuries [2].  

The history of European penetration into the territory of China can be divided into three periods. 
During the first stage numerous efforts to establish trade relations and build factories in China 
were attempted, especially in the southern province of Guangdong. The result was rent of 
Aomen and Macau by Portuguese in 1553, and trade through the port Guangzhou. That stage 
matched with the transition period of the Ming and Qing dynasty, which resulted as the 
weakening of control over trade with foreigners. However, new restrictions on trade constantly 
introduced with the strengthening of the Qing Dynasty, which resulted as the closing of borders 
in 1757. From that moment the second stage had began, smuggling opium by England was 
activated also in that time. The Industrial Revolution in Europe and the isolation of China, 
which inhibited its technical development, changed the balance of forces. Mechanization of 
production in Europe had forced to search for new markets, which included the Tianxia Empire. 
It required to open new ports which resulted to Opium Wars (1840–1842; 1856–1858), the 
opening of the borders of China and the establishment of the European Settlement. The third 
stage was the active penetration of Western empires to China and its transformation into a semi-
colony. Zones of British interests became Tibet and Yangtze, France—Southern Province, 
Japan—Taiwan, Germany—Shandong Peninsula, Russia—Manchuria and Mongolia. 

The appearing of European settlement was directly related to the penetration of Western culture. 
Colonial construction was actively developed in the commercial ports and inland city on trade 
routes. There European settlers had created enclaves that according to European legislation. 
European architecture with Western culture began to appear in China. First it was the building 
trade missions, as well as the residence of manufacturer, administrative official, ambassadors. 
Those buildings were built according to the projects of Western architects and practically they 
didn’t have motives and techniques of traditional Chinese architecture, but had the great 
influence [3, 4]. 

1. DATA ANALYSIS AND RESULTS 

Talking about Sino-Western architecture the first conditional style includes a variety of 
buildings of palaces. There were Yuanmingyuan palaces destroyed in 1860 that were built 
during the reign of Qianlong Emperor. These complexes were designed by the projects of Jesuit 
Giuseppe Castiglione and Michel Benoist and they represented a synthesis of European 
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Baroque with Chinese elements. These western architectural details that were made by natives 
of European culture, followed the canons. 

Qianlong built Marble Boat in Yiheyuan, that presented a pavilion, located on the lake. The 
original version of this monument was also destroyed during the Second Opium War, but in 
1893 it was rebuilt by order of Empress Dowager Cixi. European architectural elements are 
actively used in this construction, primarily arcade. 

Next example of European influence on the architecture of the palace is Gongwangfu, that built 
in 1776 for senior officials Heshen. The whole architectural complex is an example of the 
traditional landscape and park complex. However, there were gates, made in Western style, 
with different active moldings and free interpretation of European elements. 

Considering the residential and public architecture it should mention the Northern, Central and 
Southern China, and architectural styles on their territory: Chinese Baroque, Shanghai 
shikumen, Haikou and Guangzhou qilou, Kaiping diaolou, Meizhou weilou. 

The first examples of eclectic architecture appeared in Guangdong province. Traditional 
architecture of the region Lingnan significantly influenced on their development, provided 
fortresses and trading houses. Qilou is a style that appeared in the commercial ports in the first 
half of the 19th century and it is the most studied and the earliest. It is concentrated in southern 
regions such as Guangdong and Fujian provinces with a special administrative region of Hong 
Kong, as well as in the Guangxi Zhuang Autonomous Region. This type of architecture became 
the most popular on the island territories of Haikou.  

Different kind of buildings should be mentioned. In addition to the common using of the term 
qilou there were types of arcade or terraced houses. Also in the English literature it is often used 
shophouse in general for Southeastern Asia. These buildings were usually called tong lau in 
Hong Kong and Macao [5]. 

Space-planning structure of this type of building was developed in compact planning in 
commercial cities, especially ports. In terms of construction It was elongated rectangle in the 
project of the house with proportions from 1:4 to 1:8. Typically, there were workshops and 
retail spaces on the first floor, and there were living rooms on the upper level. Two four-storey 
building overlooked the shopping street with narrow facades, and there was gallery with 
exhibitions on the ground floor. It became a distinctive feature of these buildings and actually 
the gallery was constantly transforming. Depending on the period of construction various 
stylistic devices were used: from archways in the 19th century to the constructivist systems 
columns and beams in the second quarter of 20th century [6]. 

Construction of urban space was conducted along the shopping streets and it was a continuous 
ensemble of buildings standing close to each other. Often the projects were used repeatedly, so 
many areas consisted of groups of two or three houses. There were constructed balconies on 
the upper floors, the topmost part of a building were mainly in the form of the pediment of 
different configurations. Synthesis qilou with other kind of eclectic architecture was very 
interesting—Kaiping diaolou, which is typical for Chikan Town in Kaiping District. Monotony 
of two–storey building qilou was breaking with four–five-story towers of kaiping diaolou [7]. 
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The latest stage of construction was marked the height of buildings and lack of decorative 
elements with a simultaneous increasing in size of windows openings that occupied a large part 
of the wall. Today, the remaining buildings maintain their functions in most. 

Other eclectic architecture of China emerged protective shelter. It included Kaiping diaolou and 
Meizhou weilou made in Sino-Western style. The first type was the watchtowers, that appeared 
about 17th centuries during the reign of the Ming Dynasty. They were built for flood and raiding 
of bandits protection. However, the stabilization of the political situation had led to the cessation 
of construction in the traditional form. Resurgence was in the second half of the 19th century. 
when the wealthy Chinese workers began to return to their homeland from North America and 
Australia. For protection from the raids of bandits across Guangdong fortified tower was built. 
The greatest flowering of eclectic Kaiping diaolou achieve prosperity in Kaiping county-level 
city, while in other areas they were remained utilitarian buildings for defense for the most part 
of people [8]. 

Originally they were built at the expense of the village community and represented the hostel 
gallery type in which habitants sheltered during the raids of bandits and kept the village values. 
Later, wealthy families began to build personal Kaiping diaolou of enfilade type where the 
upper floors was for residential purposes, as well as community-based towers were located 
outside villages, which function was warning of bandits [9].  

They were square, sometimes rectangular in cross-section of the tower with a width of 5 to 
20 m in the structurally-planning decisions. Firstly they had two floors, and later—nine. As 
a building material there was a brick, loess, a stone in the first Kaiping diaolou, and then—
reinforced concrete.  

The multi-level terraces on the upper levels, hipped roof and dome were the main among the 
overall architectural design of a variety of common features. The upper part of the building was 
over-decorated. The consequence of protection was a scarce decorating of the lower levels, as 
well as massive grille on the entrance gate and the iron shutters on the windows. Many buildings 
were arranged loopholes and bartizans.  

Typically, these towers located in the depths of the village away from the traditional building. 
Sometimes Kaiping diaolou was grouped by two or three buildings, in rare cases, united by 
a common stylobate. A characteristic feature was the absence of an external courtyard and the 
main entrance to the palace tower, which is typical for Chinese architecture, but unusual for 
Europe [10].  

During the whole way of the development of the fortifications they began to lose this function 
by the 1930, which resulted as the transfer of the decor on the lower levels, increasing of glass 
area and the phasing out of defense arrangements. Perhaps, in this period of construction applies 
most of Meizhou weilou in China-Western style. First of all the traditional weilou primarily 
intended for the defense, as well as most of the architecture of Hakka, but these buildings were 
decorated external facades, lack of protective shutters was in many buildings [11].  

The planning solution of building was a square of several tens of meters long with an inner 
courtyard. Arcade gallery on the exterior facade and in the courtyard was actively used. In 
general planning structure had not significantly changed compared to traditional weilou. There 
is lack of information for researching in the Western and Eastern scientific works. 
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Considering the central China some examples of Sino-Western architecture can be found in the 
open ports on the periphery of European concessions. However, the massive construction was 
in the period of style Shanghai shikumen. It had different kinds of houses—longtang, also 
known as lilong. This name was given under the name of Shanghai streets, which were straight 
sections 4 m wide. In addition to Shanghai, the style found in other cities of the province [12]. 

This type of buildings was original in the 1860 and based on the original British concession and 
was designed by European architects. However, migration of population in Shanghai had led to 
the fact that the middle and lower classes began to settle in houses that built by the European 
model, but using Chinese techniques. In 1910 the construction of the so-called new style lilong 
appeared, which made the evolution of the traditional shikumen. This increased the number of 
floors, the appointment of the premises of highly different functions. Today, it is the large part 
of the historic buildings of Shanghai [13]. 

The planning structure shikumen relied on traditional Chinese building, which always present 
courtyard. However, constrained situation led to the fact that it changed from the square in the 
plan to a long rectangle. A typical configuration of the planning had a living room, facing the 
courtyard, then—a kitchen, and on the sides—adjoined living room. Number of floors were 
from 1 to 3. In a constructive plan it was a wooden frame with brick filling. Compared with 
other types of eclectic architecture shikumen had scarce decor and minimal amount of 
unoriginal European element. First of all it was expressed in the design of the gate leading to 
the courtyard, the street, and in the frame of the window openings [14]. 

Before World War II, the level of comfort of buildings varied greatly from comfortable homes 
with all services to the slum. After the war and the change of government all the houses were 
transformed into communal apartments, and then began their decline. Despite this, and the fact 
that many of the neighborhoods had been demolished since the beginning of the 1990, today 
there are many communal shikumen. Since the beginning of the 21st century the blocks were 
restored and became tourist objects. 

Russian architecture and then the Japanese presence had an impact to Manchuria. Unlike the 
central and southern regions the borrowing began to occur almost instantaneously and was 
associated with the construction of the Chinese Eastern Railway line in 1897. The Center of 
eclectic architecture became transport hub Harbin, that actively developed after the Russian-
Japanese war. 

There was a style of Chinese baroque in district Fujiadian, which is called Daowai now. In 
addition, the Harbin eclectic buildings of this style were along the entire line of right of way 
CER, though presented in a simplified form and in small amount. The stylistic development of 
the first stage had an important role on European architecture of Harbin at the beginning of the 
20th century, that was built by the projects of Russian architects and engineers. Westernized 
Japanese architecture had become a role model for Chinese eclecticism after the formation of 
the marionette state of Manchukuo in 1932 and growing the population of Japanese [15].  

Structurally, most of the houses had a frame with brick filling. The builders of the CER of the 
system used the term “stuffed home”. Floors ranged from 1 to 3 floors in the early period and 
in a few examples of the late stage of development reached 5 floors. On the planning scheme, 
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most of the building had a L-shaped structure, in which the angle formed fifth facade and served 
as the main entrance. 

The decor dominated on the facades of buildings, in the form of hand-molding. The main 
motives were garlands of flowers and geometric compositions. His redundancy and 
overwrought largely gave this style the name of the Baroque. The borrowed elements of 
European were actively used, primarily free interpretation of the order system. Almost all the 
buildings had over-decorated pediment above the main entrance. Rustication was actively used 
on the first tier. 

Two periods of construction can be divided in the structure of blocks. By the early development 
period there were chaotic and cramped streets. In the latest period blocks had been broken on 
the rectangular-quarter, most likely created by Russian engineers. Houses grouped around 
a courtyard, which often had only one pass. Along the interior space there were the Chinese 
traditional wooden houses galleries. 

Today in Harbin the whole area has this type of buildings. New programs have been developed 
for their restoration and preservation realizing the potential of tourism. However, most of the 
buildings are in disrepair, many neighborhoods are being demolished for a new building. 

2. CONCLUSIONS 

The study of the transformation of traditional Chinese architecture with influence of the 
Western trends is just in the beginning of the development. There are several unique lines of 
Sino-Western architecture. At the same time it should be noted that there is only some surviving 
examples of the synthesis of the two cultures. The impact of Middle Eastern architecture in the 
border regions of Xinjiang hasn’t been explored, as well as the penetration of Tibetan motives 
on the border of the homonymous administrative unit.  

In general, despite the territorial remoteness and lack of interference in the period of eclectic 
style, there was a number of regularity in all regions. First of all it was a feature of borrowing 
decorative elements. The leading role played European order system and arcades that were not 
used in traditional China. It was also characterized by extensive use of hand-molding with 
traditional motives.  

At the same time, space-planning decisions had been changing for the long period of time. The 
first borrowing elements were used in the houses of the rich and the middle class of the 
population, while the poor continued to follow traditional methods. Urban transformation didn’t 
have significant changes. All transformation took place in connection with the consolidation of 
building or direct intervention of Western architects. The degradation of the existing urban 
canons began at the same time after the abolition of state control over urban development. All 
this resulted as the fact that eclectic districts began to turn into slum in large cities, filled the 
main streets with representative structures. 

From the position of the spreading of eclectic styles most of them located in areas of the Western 
Settlement. Borrowed techniques and elements moved on trade and transport routes from the 
centers of the appearance of the Sino-Western architecture, where they faded and dissolved in 
the traditional architecture. Thus, examples of architecture that were typical for the centers 
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appeared on the periphery of areas of spreading eclecticism during the period of the formation 
of the style. 
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ABSTRACT 

The research considers renovation as the innovative process directed to creation of the comfortable environment. 
Zoning of the city of Khabarovsk from the point of view of possible for renovation industrial territories is given 
in a research. These territories are in the places of residence of a large number of people, near transport hubs, now 
are poorly used. Authorities creation of conditions for investment into renovation of the specified territories is 
necessary: increase in transport permeability, expansion of electrical and other networks, change of a zone of use. 
Perspective development of industrial architecture is concluded in its possible and fast adaptation to the developing 
technologies. It can be reached by means of a neofunctionalization of industrial facilities, saturation by their new 
functions and also with application of ecological rehabilitation of territories. At the same time now in the city of 
Khabarovsk renovation of industrial architecture is fragmentary. An integrated cross-disciplinary approach in 
development of architectural projects of renovation of industrial buildings, constructions and territories and also 
participation of authorities and municipalities is necessary. 

Keywords: renovation, urban environment, the developing technologies 

INTRODUCTION 

Today in the sphere of architecture and construction the trend of the maximum preserving of 
the existing buildings, and not only architectural and historical monuments, but also the 
buildings of ordinary building built in a traditional manner and which are important elements 
of the urban environment is noted. 

Need not to be limited to repair and reconstruction of certain buildings or even separate groups 
of buildings, and to cover the whole areas of outdated building is also recognized as committee 
of the European Commission on housing questions, construction and town planning of the UN. 

At complex reconstruction of the historical urban environment it is necessary to consider it as 
the innovation process including: 

- renovation—the innovation process at which the functional purpose of objects of 
reconstruction changes; 

- reconstruction of the adjacent territory and also nearby objects. 
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1. RELEVANCE OF THE SUBJECT OF THE RESEARCH 

A number of factors both architectural character, and economic, social and geographical has an 
impact on features of reconstruction of ordinary building and the urban environment. Thus, the 
problem needs cross-disciplinary consideration. 

So far as concerns renovation of the existing architectural heritage—there is no place to 
standard projects and decisions. Hardly there will be identical objects repeating one after 
another all service conditions placed in the similar architectural and space environment, the 
climatic area and bearing identical social and economic loading. Therefore also projects of 
renovation need unique decisions taking into account all main environmental features. 

Special distribution in Russia is purchased by renovation of residential buildings. There is 
a number of the state programs directed to complete replacement of outdated housing stock of 
capital cities. In country towns and, in particular, in the Far East, the question of need of 
updating of housing stock though is particularly acute enough—he finds the solution thanks to 
new construction of residential districts and also maintenance of outdated housing stock by 
forces of inhabitants and the serving organizations. In the current research the architecture of 
residential buildings and constructions is not of scientific interest.  

Object of research is the architecture of industrial facilities—factories, the plants, the majority 
of which were built during the Soviet period, borrowed convenient in questions of logistics and 
town-planning planning of the territory, often were city-forming and stopped functioning 
during the Post-Soviet period. 

Together with general attention to preserving of the urban environment and also special to 
requirements to reconstruction of its objects, in Russia it should be noted fragmentariness of 
process of renovation. Concerning objects which do not interest investors for the economic 
reason—renovation, as a rule, is not made. It is not performed as well maintenance of their 
fortune (preservation) or release (demolition) of territories from outdated designs. Often 
abandoned territories of old industrial enterprises are marginalized, fall into decay and can 
constitute danger to citizens. 

2. RESEARCH PURPOSE 

Reveal features of renovation of industrial buildings, constructions and territories on the basis 
of the analysis of international and Russian experience. 

3. SCIENTIFIC RESEARCH PROBLEMS 

- Give definition to renovation of architectural buildings and constructions, to reveal its 
feature as the innovation process in architecture. 

- Analyze examples of renovation of industrial buildings and constructions in Russia 
and the world. 

- Reveal the industrial buildings, constructions and territories of the city of Khabarovsk 
needing renovation. 
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- Give an example of one of the implemented architectural projects of renovation 
(reconstruction with change of function of an object) MZhK plant buildings in the city 
of Khabarovsk. 

4. RENOVATION OF INDUSTRIAL BUILDINGS AND CONSTRUCTIONS 
IN RUSSIA AND THE WORLD 

Industrial buildings, constructions and their territories are not always subject to demolition. In 
some cases, it is possible to restore them with function change.  

Reorganization of industrial zones is directed to creation of the comfortable urban environment; 
change of quality of the real estate; modernization of the industry and municipal services 
according to the strategy of social and economic development of the city; generating income 
for the budget from involvement of such property in process of town-planning activity and 
economic circulation. It is very important to pay attention to a transport situation. Achievement 
of transport permeability of the territory—one of important tasks by reorganization of industrial 
zones.  

The main problem which arises by reorganization of industrial zones by right it is possible to 
read presence of several owners, at each of which “the” task. At same the task of the city 
authorities should consist in study of an integrated approach to design of such territories, taking 
into account construction not only a residential, but also commercial real estate; providing 
people with work; change of purpose of the land plot and its inclusion in economic circulation; 
involvement of the “complex” investor through public and private partnership. So, sees correct 
when the state provides in return development of transport infrastructure and modernization of 
engineering networks which are worn-out. These two factors are undoubtedly very costly and 
reduce attractiveness of the territory for the investor. It is also necessary to consider ecological 
suitability of the building to further operation. 

For example, in Moscow the total area of industrial territories is about 19 thousand hectares. 
Practically all industrial zones represent outdated objects with invalid transport infrastructure. 
For example, the territory of the former plant “ZIL” will successfully be reorganized now by 
the LSR Group company into a housing estate of “ZILART” (fig. 1). This project is unique the 
scale of architectural ambitions and the created complex of social and cultural infrastructure. 
Occupying the huge site of 65 hectares on the peninsula of the Nagatinsky floodplain, in a frame 
of the Moskva River, “ZILART” can call “the city in the city” including 5 spaces: Lives, Rest, 
Nature, Knowledge and Attraction. In the territory of the project the huge park of 10 hectares 
on Gerry Van Eyka’s project, the landscape architect with a world name which will become 
one more point of an attraction for Muscovites and guests of the capital is created. The cultural 
component is reflected in the Moscow branch of the Hermitage on the project of one more 
celebrity—Hani Rashida. There will be drama and doll theaters, obligatory social infrastructure 
here. Each of apartment houses will be exclusive and not similar to the others. 

Abroad the city of Detroit differs in the most striking examples of renovation of industrial 
buildings, constructions and territories. Projects on renovation of the empty industrial zones 
promote revival of the depressive city.  
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Figure 1. Project of town-planning rehabilitation of the former industrial territory of the plant ZIL, Moscow 

(GAP V.A. Rublyov, A.Ch. Tkachuk). 

The Detroit Future City (DFC) team which supports sustainable development of the city 
suggested to turn 900 empty industrial facilities of Detroit into recreational zones, city kitchen 
gardens, stations on production of net energy, a construction on purification of air and sewage 
and other objects of “green” infrastructure. Renovation of industrial zones will help to restore 
once prospering city which fell into decay.  

Strategy suggests to transform the empty sites to an economic asset. No man's lands attract poor 
segments of the population, crime grows. But lands can be transformed, having created 
attractive jobs (fig. 2). 

One of projects on renovation of buildings already came to the end: the former dry ship docks 
(engineering constructions for construction, repair and storage of vessels), known as buildings 
of Globe Trading Company on the river Detroit, turned into amusement park for children of 
Michigan Outdoor Adventure Center. Since May, 2017 the abandoned automobile factory 
Packard is reconstructed to a complex of residential and office rooms, shops and recreation 
areas. The skeleton of the building occupies 162 thousand sq. m.  

The 555 non-profit organization updates the territory of 2787 sq. m in the east of Detroit. On 
the site it is going to break the park, to build houses with apartments and studios for artists, art 
space for actions and foundry. The organization works with funds and attracts private 
investments and donations. 

As experts of DFC consider, Detroit can be turned into the steady “green” city which will 
become an example for all North America. Plans correspond to world sustainable development 
goals till 2030 which were accepted by the UN. One of tasks of the international community—
to create the net cities with available and safe places of public use and green zones. 
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Figure 2. Project of the building “Monroe Blocks,” Detroit (Arkh. Schmidt the Hummer Lassen together with 

Neumann/Smith Architecture <https://www.archdaily.com/office/neumann-smith-architecture>). 

5. RELEVANCE OF RENOVATION OF INDUSTRIAL BUILDINGS, 
CONSTRUCTIONS AND TERRITORIES IN THE CITY OF KHABAROVSK 

According to project solutions of the master plan on restructuring of industrial territories and 
forming industrial, municipal warehouse areas and special zones of the city of Khabarovsk the 
following scheme of renovation of industrial regions (fig. 3) is provided. 

 “The Kirov industrial hub” is new large district—it is formed based on a number of the existing 
enterprises, such as JSC Baltika plant, CJSC Habarovsky the plant of metal designs, JSC 
Concrete Goods Khabarovsk Plant No. 4, etc. Its further development due to construction of 
the new enterprises and transfer of a number of the plants from the downtown (JSC 
Dalnevostochny ordena “Znak pocheta” zavod energeticheskogo mashinostroyeniya, “The 
alcoholic beverage plant”) is provided.  

In an industrial hub the areas are reserved for further development of the small enterprises, its 
area will be 184.1 hectares. The Kirov industrial hub is provided for placement of the 
enterprises in it 3–5 classes of sanitary harm, in it placement of the enterprises 1–2 classes is 
forbidden. 

“Central district” it was created based on River port and Oil refinery. In the district the 
enterprises 2–3 classes of harm are placed. in structure of Khabarovsk. The area of a district 
will increase at the expense of withdrawal of the housing estate from the sanitary protection 
zone of oil refinery and construction in it individual garages, treatment facilities of the 
stormwater drainage system and other municipal objects a little. In the district placement of the 
enterprises of food and pharmaceutical industry is forbidden. The area will be it 135 hectares. 
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Figure 3. The scheme of placement of industrial regions and municipal warehouse areas 

in structure of Khabarovsk. 

“Youzhny district” is located between the coast of the Amur River and the Far East railroad, in 
it about 30 enterprises, including Shipbuilding plant, CHPP-1, Maslozhirkombinat are 
concentrated. The total area of the area is 390 hectares. Further territorial development of 
a district is not provided, development of the enterprises is possible only due to more effective 
use of the available territorial reserves in a district. In Youzhny to the district placement of the 
enterprises 3–4 classes of harm is provided. Also now works on establishment of a sanitary 
zone around CHPP-1 in this connection, a number of apartment houses will also be settled are 
conducted. 

“East district” is the largest industrial zone, it includes about 45 enterprises, including concrete 
goods No. 3, the Steklovolokno plant, etc. Development of a district is provided due to use of 
the available free areas and adjacent territories, by 2023 construction of CHPP-4 and some other 
the enterprises is planned here. East district it is intended for placement of the enterprises 2–
3 classes of sanitary harm, placement of the enterprises of the food industry is forbidden here. 
The area of a district will be 467.3 hectares. 

“The Krasnorechensky industrial hub” is located in the Industrial area. Its territorial 
development is not provided in the project. The area of an industrial hub is 87.4 hectares. 
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6. THE PROJECT OF RENOVATION OF THE BUILDING OF THE MZHK PLANT 
IN THE CITY OF KHABAROVSK 

In 2010 Maslozhirkombinat (MZhK) in the Industrial district of the city of Khabarovsk is 
declared bankrupt. There was a situation at which production became possible to be placed on 
the area only 1000 square meters and 0.5 Hectares. The territory more than 10 Hectares, more 
than 10 industrial buildings with a total area more than 35000 square meters, utilities and 
electric powers about 8 MW ceased to be used directly (fig. 4). 

In 2015 the investor redeemed the territory about 3 Hectares and several buildings about 
13,000 square meters.  

According to the town-planning plan, purpose of the land plot is changed under placement of 
office buildings. The project of reconstruction of the building of MZhK (fig. 5) is executed. In 
the course of renovation capital repairs of objects with allocation in them functional rooms 
under placement of sports and trade enterprises, the service industry (fig. 6) are performed. 

In 2015 the investor redeemed the territory about 3 Hectares and several buildings about 
13,000 square meters. According to the town-planning plan, purpose of the land plot is changed 
under placement of office buildings. The project of reconstruction of the building of MZhK 
(fig. 5) is executed. In the course of renovation capital repairs of objects with allocation in them 
functional rooms under placement of sports and trade enterprises, the service industry (fig. 6) 
are performed. 

Implementation of this project became possible thanks to convenient location, transport 
availability, demanded social value, economic feasibility.  

Now it is necessary to improve transport permeability of the remained Maslozhirkombinat's 
territory, to make its improvement. 

7. CONCLUSION 

Renovation of industrial buildings and territories seems very relevant modern task. 
Implementation of projects of renovation of industrial zones plays an important role not only 
for effective use of the thrown industrial facilities and territories, but also for successful 
development of the social, cultural, household, communication urban environment in general. 
Renovation is performed by means of reconstruction of the enterprises by construction of new 
organizations, instead of the liquidated old. 

The problem of the industrial territories which served the term and left operation developed 
also in Khabarovsk. In it a large number of the enterprises of a different class some of which 
became outdated is located and fell into decay, in others function was replaced. There are 
enterprises in which partially there was production and the part of buildings is used, and other 
part of buildings is not involved and collapses. 

At development of the city of Khabarovsk it is necessary to consider environmental issues in 
industrial zones in the downtown on the basis of functional conversion of production territories 
under objects of housing construction, service, a recreation, creation of ecologically safe places 
of application of effort. Partially these problems were solved by itself when many enterprises 
went bankrupt.  
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Figure 4. A condition of degradation of the building of the MZhK plant and the adjacent territory  

in the city of Khabarovsk, 2015. 

 
Figure 5. Project of reconstruction of the building of the MZhK plant, Khabarovsk. 
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Figure 6. An exterior and an interior of the building of the MZhK plant  

after reconstruction project implementation, 2019. 

Perspective development of industrial architecture is concluded in its possible and fast 
adaptation to the developing technologies. It can be reached by means of a neofunctionalization 
of industrial facilities, saturation by their new functions and also with application of ecological 
rehabilitation of territories. 

At the same time now in the city of Khabarovsk renovation of industrial architecture is 
fragmentary. An integrated cross-disciplinary approach in development of architectural projects 
of renovation of industrial buildings, constructions and territories and also participation of 
authorities and municipalities is necessary. 
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ABSTRACT 

The article presents the results of the residential design projects’ analysis in Europe, the USA and various regions 
of Russia over the past 5 years. An international study was conducted in the form of a sociological survey among 
designers, architects, as well as owners of apartments and private houses on the topic of preferences in choosing 
a particular style of residential interior. Features of stylistic, planning decisions and finishing materials in various 
countries are revealed. 

Keywords: living space, culture and climate, layout of a house and apartment, interior style 

INTRODUCTION 

An integral part of a person’s culture is his life, and especially his living space—a set of 
elements that create a comfortable environment where many processes occur related to 
a person’s daily life. Studying residential interiors of different countries and their regions, it is 
possible to determine what type of culture dominates in them: ethnic, national or regional. And 
also to identify the problems of their development and interaction. 

The modern cultural values are closely related to environmental components. Saving nature is 
currently part of a holistic cultural framework [1]. The choice of technologies, materials, 
methods of preserving natural resources is determined not only by economic components, but 
also to a large extent of a country’s cultural system. 

Nevertheless, borrowed images and compositions of contemporary European interiors are 
enhance the energy of the living space, on the one hand, and they erase the regional identity 
and uniqueness, on the other hand, including, for example, of interiors in Russian cities. 

1. PREFERENCES OF A MODERN PERSON IN CHOOSING STYLES 
OF RESIDENTIAL INTERIOR 

The period from 3 February 2019 to 28 July 2019 a survey was compiled on the topic: The 
preferences of a modern person in choosing the style of a residential interior. Answers were 
received from 1696 respondents from 24 countries of Europe, 21 states of the USA, as well as 
Russia. Answers were received with questionnaires sent in professional social networks, by 
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interviews, observing the legislative restrictions of foreign platforms. The residents between 20 
to 70 years old of different nationalities, social status, views and beliefs participated to be the 
survey as respondents. Among them are architects, designers and engineers, as well as scientists 
from various fields, were of particular importance. The study included analysis of residential 
spaces’ projects created by designers and experts from different countries. Based on the above 
data, the most requested layouts from experts, as well as feedback from customers, the 
following conclusions were made.  

Among the 397 Russian surveyed were 23% males and 77% females, among 722 US 
respondents 45% were males and 55% females, among 577 European surveyed were 40% males 
and 40% females.  

The most active in Russia were respondents aged 20-35 years old (51%), as well as aged 36–
45 years old (34%). In the USA the most active part was residents aged 36–45 years old (61%) 
and aged 20–35 years old (20%). Most responses were received from Europeans aged 36–45 
years old (66%) and aged 20–35 years old (20%).  

Professional architects, designers, engineers, academics and cultural workers was 19% of the 
total number of respondents in the US, 8% in Europe and 17% in Russia. 

According to their social status among the Russian respondents were 8% students, 82% working 
and 6% pensioners. In the USA were 3% students, 75% working, almost equally males and 
females,10% pensioners (2/3 of them females). Among Europeans were 7% students, 75% 
workers and 5% pensioners are mostly males. 

95% of Russian citizens live in cities. Most of the respondents would like to change their living 
conditions, increase living space. At the same time, 82% still prefer to live in the city. 

58% of US respondents live in two-story houses outside the city, 21% live in two-room 
apartments in cities. It is worth considering that a two-room apartment in the understanding of 
both Americans and Europeans is in the Russian view three-room apartments, since in Europe 
and the USA only the number of bedrooms is traditionally taken into account. The kitchen and 
living room are not living rooms, and the number of bathrooms corresponds to the number of 
rooms in the apartments. Most US respondents (63%) still prefer to live outside the city. 

52% of respondents from Europe live in cities in various apartments: 22% live in one-room 
apartments and studios, 11%—in two- and three-room apartments. However, 71% of Europeans 
prefer to live outside the city, be closer to nature, away bustle of city life. Central and southern 
Europeans see country life mainly in single-storey houses of a large area. Two-story private 
houses are mainly preferred by the northern and north-western countries, where the price of 
land significantly exceeds the cost in other countries. 

89% of Russians, 62% of US inhabitants and 59% of Europeans see their home as a place for 
rest. Housing as an indicator of status is seen by 5% of Russians, 32% in the USA and 28% in 
Europe. 6% in Russia and the USA, 13% in Europe consider their living space as the sit of 
creative. 

28% respondents’ living spaces decorated in a classic style. A large part is the eclectic style and 
the modern style is preferred by 50% of respondents. The modern style is derived from 
modernism and devoid of allusions to the classics. It is minimalistic, but not devoid of comfort. 
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In the European design techniques borrowed in the Western part of Russia. East Asian countries 
(China and Japan) influenced In the far East of Russia. 

The newest fashion trend in Russia is the Scandinavian style: Swedish (minimalist) and Danish 
“hugge.” They have been in demand for the past 5 years, but occupy only 13% of the total in 
statistics. This style is observed in the interiors of new spacious apartments. The majority of the 
residents would like to change the aesthetics of their interior. According to survey statistics, 
54% of Russians see their future housing in an eclectic style, often with classic elements, 
contrary to modernist wisdom. 19% of Russians choose the traditional classic style, 16% choose 
the minimalistic design. 7% of Russians would have drawn up In the Mediterranean style in an 
attempt to recreate foreign journey see. 

51% of respondents from the US live in traditional classical interiors. And if they want to 
change the interior, they will choose to the space in classic style (39%) again. 37% of 
respondents who do not want to change the style of their housing choose Eclectic style interiors. 
The Contemporary style in demand in American interiors. Minimalism and Mediterranean style 
is not popular and constitute 2 and 3% respectively. Ethnic (Mexican flavor) is popular in the 
southern States, primarily in Texas.  

Most Europeans are very mobile and frequently change their place of residence. The percentage 
of overpopulation is growing rapidly in European countries, as Eurostat notes [3]. The reasons 
for this are very high land prices. In this regard, most interiors are designed very rationally. The 
rooms are as functional as possible. In 35% respondents’ interiors are decorated in a minimalist 
style, namely in Scandinavian and high-tech. In 2019, the Scandinavian style of interior is 
popular not only in the northern part of Europe, but also in its southern countries with a hot 
climate. 28% respondents’ interiors are decorated in eclectic styles.  

19% of respondents have interiors In the Mediterranean (Tuscan, Greek versions) style . 10% 
of the respondents’ interiors are decorated in Ethnic style (Sami, Spanish, colonial versions). 
The classic style is 4%. Respondents from the United Kingdom live mainly in the English 
classical interiors, which sometimes apply elements of Chinese and Indian cultures. The 
majority of the respondents in the survey want to change their residential to new living space 
in a minimalist style (37%), in contemporary—26% and in the Mediterranean—19%, ethnic—
8%. 

Analyzing the survey results, it is possible to identify a general departure from classical and 
ethnic styles in the direction of minimalism. Various modernist directions are especially popular 
in Europe. 

The overall results from the survey demonstrate, that the most preferred are contemporary, 
minimalist and classical interior styles. The European respondents most gravitate to 
minimalism. According to the responses received, the Europeans living in the classical interiors, 
this year prefer a minimalist look. Interior in classical style most popular in the United States. 
In Russia, in addition to the modern style, the most popular are Scandinavian, classical and 
eclectic styles. 

A single, universally recognized style in individual living spaces erases cultural traditions, 
specificity by the different countries. The same branded items, as well as their imitations, make 
the premises international, identical. 
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2. ANALYSIS OF PLANNING DECISIONS OF RESIDENTIAL SPACE 
IN EUROPE, THE USA AND REGIONS OF RUSSIA 

The results of an international sociological survey confirmed that American interiors are easily 
recognizable with their dominants—a staircase, a fireplace, a television over the fireplace, 
a kitchen island, an island fume cupboard and a consol fume cupboard. In addition to this, US 
residential interiors are generally distinguished by: varieties of styles associated with 
colonialism (most often—English shutters and their imitation, English windows); preservation 
of cultural values and traditions with their emphasis in the center of the plan; mirroring of the 
opposite walls along the sweeps, apertures that sets the rhythm. 

Rational use of land resources and the use of semi-underground spaces for workshops, studios 
and home theaters, cellars, underground garages are characteristic. 

The interiors of the northern European countries are generally very minimalistic. A popular 
design method is to increase the space and openings for better isolation of the room, as well as 
to use of the most light colors of materials to increase the illumination in the rooms. Planning 
scheme for artificial and natural lighting, many fixtures of different types are very thoughtful. 
Maximum calculations are performed for the conservation of natural resources. Northern 
European countries mainly prefer modernism in interiors. Minimalist style is also used in 
Southern Europe, but branded objects and art objects play a dominant role. However, most of 
the population of Europe is currently very mobile in general, in addition to this, migration is 
high with a sharp influx of immigrants. In these conditions, functionalism as a style allows 
solving many problems, “dissolving” other styles in different European cultures; introducing 
new cultural elements, enriching and, at the same time, transforming the architecture and design 
of the premises into international ones. So, it is often difficult to distinguish, for example, 
a typical modern French interior from Italian, etc. 

The Russians prefer mainly the classic layout of the living space. The Western part of Russia 
is geographically close to Europe, it borrows a lot, cultural features are erased. Sometimes, 
mainly in private houses in the central part of Russia, the climatic features of cold winters are 
not taken into account, trying to copy American samples of villas of the 70s. Most of the 
population of Russia lives in high-rise buildings. Spaces have been significantly reduced in 
residential buildings of the old foundation, while residents are trying to compensate for the lack 
of free space by replanning: demolition of partitions, joining of insulated balconies and loggias. 
Commercial construction of the 21st century switched to the design of apartments from 
100 square meters and above, added additional bathrooms loggias and balconies, spacious 
kitchens for centering the dining area, which has always been important in Russian culture.  

While maintaining the predominance of the classical style of the interior in Russia, of course, 
other styles are also used in residential spaces, but minimalism takes less place on this list than 
in European countries. 

3. PROBLEMS OF ADAPTION OF STYLES IN RESIDENTIAL INTERIORS 
OF DIFFERENT COUNTRIES 

Consider the most popular styles of minimalist interiors, namely Scandinavian and modern. 
The Scandinavian style of the interiors is determined by the lifestyle of the northern countries 
of Foreign Europe. The leaders among them are Norway, Denmark, Sweden and Finland.  
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a. The development of interiors’ styles. 

 

b. The main location of styles. 

Figure 1. The popular interiors’ styles of 21st century in the USA. 

The quality of life in these countries is significantly higher than in other countries around the 
world [3]. This leaves its mark on their way of life, on preferences in the interiors of residential 
and non-residential premises. 

Sweden has been and still is a reference point since the beginning of 20th century. The word 
“modernism” in Sweden is usually replaced by functionalism. The Swedish interior is light, 
functional and practical. While most Italians and many Americans prefer expensive collectible 
design items in their homes. They denote a delicate aesthetic taste and high status. Democracy, 
accessibility, versatility of Swedish interiors makes it possible for people of different walks of 
life, different nationalities to adapt. Undoubtedly, this version of Scandinavian minimalism will 
be most in demand around the world. The main principle is functionality and comfort. 
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a. The development of interiors’ styles. 

 

b. The main location of styles. 

Figure 2. The popular interiors’ styles of 21st century in Europe. 

In addition to Scandinavian minimalism, its ethnic direction is also popular. The term “hugge” 
means “comfort that makes you happy.” Scandinavian style in the Danish version means home 
idyll. Therefore, it is so popular all over the world. Simplicity and restraint are the main 
parameters of the “hugge” [2]. In it you can find the features of minimalism, Scandinavian 
country, chalet and retro. Scandinavian stoves and fireplaces are the main compositional center 
of the European Northern living rooms. According to statistics, a third of Danish homes are 
equipped with fireplaces. In Britain, by comparison, only 4% of homeowners have fireplaces. 

Scandinavian minimalism and the hugge style became very popular in Russia, as evidenced by 
the abundance of projects in these styles noted by the respondents. This is due to the similarity 
of the climatic conditions of the northern territories, forest resources and the characteristic 
hospitality of countries. Hugge is not just a “shell” of the inner space, but the lifestyle of its 
owner, a way of life.  
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a. The development of interiors’ styles. 

 

b. The main location of styles. 

Figure 3. The popular interiors’ styles of 21st century in Russia. 

However, it is worth fearing that applying it everywhere, following European trends, you can 
gradually forget the cultural characteristics of our country, which is currently becoming 
especially vulnerable. 

According to this study, traditional solutions in the interior still respected in the United States 
in 79%. The American way of life of the majority of the respondents do not accept minimalism 
and its offshoots.  

The most popular interior style in the world is contemporary. Contemporary style has emerged 
from the European trend—modernism—and continues its logic. It does not use furniture and 
details from historical styles, as well as their imitation. The popularity of this style among 
designers is justified by the greater freedom of choice of materials, forms, lamps, colors. 
Interiors in the contemporary style, as a rule, are concise and restrained. However, the presence 
of parts and decorative elements distinguishes it from minimalism. This style is characterized 
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by complex and dim colors, the play of colors, the contrast of shapes, textures, monotone 
surfaces and patterns. The public zone is decided by a single space and has a free character. 
This is very suitable for modern man, as evidenced by the results of the survey. 

It is worth considering that in Russia as a whole, minimalism in its pure guise is not popular at 
present and has never been used for a long time. The architectural images of classical and ethnic 
interiors in Russia reflected Russian culture, history, mythology, their own picture of the world, 
a tendency to a wealth of home decoration. When popularizing of the same style, interiors of 
different countries run the risk of becoming almost identical. This contributes to the inability to 
recognize the philosophy of the owner of the premises, his picture of the world, the loss of 
interest in the study of his lifestyle by other observers. 

4. CONCLUSIONS 

The preference for minimizing residential interiors is significantly affect by the development 
of state-of-the-art technologies. They contribute to a reduction in the range of equipment, 
materials while providing a high level of comfort. Innovations in the field of architecture and 
construction, woodworking, IT-technologies allow us to solve a number of issues related to 
increasing of usable area or rational use of living space. 

Modern man is in constant search of an improved quality of life. It, in turn, is determined by 
education, the best working and resting conditions, housing conditions. All this contributes to 
the constant mobility of man in the modern world. As a result—it is projected onto the choice 
of housing, its equipment and design. 

Globalization is characterized by an approach that unites nations. A deep study of various 
cultures, religions, methods of education, life experience in search of a higher quality of life are 
occur. Therefore, the mobility of modern people is a global trend. The most intense, intensive 
international communication is observed in European countries, the USA, China and the 
Central region of Russia.  
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ABSTRACT 

Article consists of four parts. Fist we will consider the term “Heuristics” and the role of creative design in the 
modern world. Then we will look at the most common methods of creative design. And finally we will study the 
three innovative methods in details: Mind Mapping, TRIZ and Morphological analysis. We will also make a small 
conclusion. 
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INTRODUCTION 

What are “creativity METHODS” or “Creative Thinking Techniques?” As we know creativity 
can be defined as ‘all the ways of thinking that lead to something new and useful for the thinker.’ 
A creativity technique should help generate new ideas, whether in the arts or sciences. 

Although a lot of people assume that creative thinking is a talent, the ability to think creatively 
can be learned like most other skills! 

1. HEURISTICS AND THE HEURISTIC METHOD 

Let’s begin with the term “Heuristics” translated from Greek, this term means “find” or 
“discover”—it is a branch of knowledge that studies the creative thinking of man. 

The main objectives of a creative thinking process are to think beyond existing boundaries, to 
awake curiosity, to break away from rational, traditional ideas and formalised procedures, to 
rely on the imagination and to consider multiple solutions and alternatives. 

Synonyms for discovering something new, unusual and non-standard are: creative, 
constructive, originative, inventive, figurative, individual, artistic and heuristic approach. 

Creative techniques are methods that encourage creative actions, contribute to the creative 
process of generating original ideas. 

The techniques are not algorithms, which necessarily lead to the solution of the problem. The 
techniques shorten the time to search for ideas, organizing and making the search process more 
efficient. Different methods of creativity are designed for the work of one person, two people 
or a group. Like most tools these techniques have advantages and disadvantages. 
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The most common methods of creative design are: 

1. Brainstorming, the founder was Alex Faickney Osborn from USA. 

2. “The theory of inventive problem solving” (TRIT) ore the theory of the resolution of 
invention-related tasks or, the developer was Genrich Altshuller from Russia. 

3. Morphological analysis, Fritz Zwicky, Switzerland. 

4. The “Mind mapping” was popularized by a showman Tony B’uzan from England in the 
early 20th century. 

5. The Free Writing is very ancient technology, the author unknown, but famous writers 
are Nikolai Gogol and Dorothea Brande used this method. 

6. The Delphi Method was created by Olaf Helmer, Norman Dalkey, Nicholas Rescher 
from USA in 1950–1960s 

7. 6 caps Method (Six Thinking Hats), the founder was Edward de Bono from England. It 
happened in the 1980-ies. 

Let`s look at three innovative methods in details. 

2. MIND MAP 

The first is Mind map. The nature of the human brain is (in such a way) that it wants to perceive 
information visually. Scientists thought about it a long time ago so the concept of connections 
diagram was created, which can also be named Mind Mapping. 

Visual diagrams and radial maps have been used for many centuries. Some of the earliest 
examples are diagrams of Porphyry from Tyros, a famous thinker of the 3rd century B.C. With 
the help of these diagrams he graphically visualized the concept categories of Aristotle. He 
made Aristotle`s difficult theory simpler. The Philosopher Ramon Llull (1235–1315) and the 
painter Leonardo da Vinci (1452–1519) also used such techniques. The term “mind map” was 
first popularized by the English writer and showman Tony Buzan. 

Mind maps are used in the method of brainstorming. Mind-mapping can be created in different 
software: Mindjet MindManager, ConceptDraw Office MindMap, iMindMap and ets. 

A mind map is a diagram that represents your notes on a canvas. The topic of the map is always 
placed in the center of the canvas, and all related notes connected to it by lines and drawed up 
in a radiant structure around the center. The elements nearest to the center are the quite 
important, the most prominent part of information, and the are similar to the headings. Many 
detailed notes and keywords can come from parts at the next levels of this system. Thus, a clear 
hierarchical structure arises are creates. This guarantees that the most significant information is 
always in the center and as visible as the palm of your hand. Writing notes and lectures is an 
example of “mind mapping.” 

The mind map format is a great alternative to linear note taking and it can be used during 
lectures or presentations, in class, and even while you’re reading a text or are watching a video. 

The format mind map or mental map is a great alternative to note-taking, recording lectures or 
presentations, in the school or university. 
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Figure 1. The mental map in the computer program “imind Map.” 

This method is convenient for both the student and the teacher. The main principle of mind 
mapping is very unpretentious: Instead of writing down every word of his teacher, you start 
with empty paper or a digital screen. The topic (such as the subject of a lecture) is placed in the 
center of the canvas, where it is always well-read. 

The need to write big and entire sentences goes away. We can write keywords or short word 
combination, phrases that are accomodated around the center subject. 

3. ТHE THEORY OF INVENTIVE PROBLEM SOLVING (TRIZ) 

The second method is worthy of interest is called “Тhe theory of inventive problem solving,” 
or briefly TRIZ. It was developed by the inventor and science-fiction writer Genrich Altshuller 
from Soviet Union. He and his colleagues started began to develop his theory in 1946. This 
method is popular in Russia and other countries now. 

Altshuller was convinced that from the experience of his predecessors it was possible to identify 
steadily recurring techniques of successful inventions and teach this technique to all interested 
and capable of learning. For this purpose, altshuller and his colleagues conducted a study of 
more than 40,000 copyright certificates and patents. 

Two decades of altshuller’s research bring hundreds of thousands of inventions had confirmed 
his initial insight about the models’ of inventive solutions. The 40 inventive principles was 
published by the early 1970s as the one of the first analytical tools, which could account for 
virtually all of those patents that presented truly inventive solutions. The theory is based on the 
hypothesis that the vast majority of problems of inventive processes typically reflect a need to 
overcome a dilemma between two contradictory component or elements. Finding a compromise 
between these elements is the central purpose theory of TRIZ. TRIZ technologies allow to find 
a conceptual solution in two stages. The first stage is definition of the contradiction which needs 
to be resolved. The second stage is selection one of the 40 principles TRIZ which may be 
applied to provide a solution, best solution to a specific contradiction. 

The main TRIZ method axioms are: 

1. Problems and solutions in the different areas of life and science always repeated. 
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2. Patterns of technical evolution are also repeated. 

3. Scientific results and innovations can be use outside the field in which they were 
developed. 

Genrich Altshuller and his colleagues tried to find tools to rationalize the creative process. Their 
goal is to exclude from this process randomness, unpredictable insights, unpredictable 
inspiration, chaotic search etc.  

For example, let’s take look at an ordinary cup. In this case study dilemma or a trade-off 
between two contradictory elements are hot tea and a cup (material, shape, design). If you pour 
hot water into it, it will become hot, and it will not be easy to hold it in your hands. But we want 
to use it! We formulate the problem (a contradiction, because it forces us to solve the problem): 
We need to put something hot in the cup, and do not burn our hands at the same time. How can 
we solve this problem? 

One of the ways is to make a cup of thicker material. It won’t lead to significant changes in 
production but we’ll use more material and our cup will be heavier too. 

Are there any other solutions? Is it possible to make a cup without a heated point? So was born 
the idea to make a handle on a cup 

The cup remained a cup and didn’t become too heavy. Additional costs are minimal, as the 
handle consists of the same material. 

Of course, these are not the only ways to solve the problem. 

4. MORPHOLOGICAL ANALYSIS 

Let’s look at the third method. It is morphological analysis. This method was developed by 
Fritz Zwicky, the Swiss astrophysicist who worked at the California Institute of Technology. 

With the help of this method, he could during a short time get a significant number of ingenious 
technical solutions in the rocket engineering. 

The method is based on selection of possible solutions for particular parts of the problem (the 
so-called morphological features characterizing the device) and the subsequent systematized 
obtainment of their combinations.  

Morphological analysis is more conveniently and more clearly performed by using 
morphological tables ore morphological boxes (Table 1–3). 

As a result, an answer is given to a more general question by searching for all possible variants 
of particular solutions, regardless the fact that in the original task we are only talking about the 
one particular system. 

Let’s make a morphological analysis on the example of a bridge over a river. 

4.1.Bridge over a river 

Have a look at this table (Table 1). It consists of two parts: Elements and position and Element 
Properties. We can combine these boxes and as a result get up to 64 options. 



Pacific National University 

 

241 

 
Figure 2. For example, hot tea and a cup (material, shape, design). 

If we combine A-2, B-2, C-1, we get water near the roadway , pillars near the roadway and the 
material of pillars can be stone or concrete or metal. Is it possible? 

The real example of these combinations is Moses Bridge in Fort De Roovere, Netherlands, built 
in 2010 (Figure 3). 

The history of the Fort De Roovere began in the 17th century when created by Maurice of 
Nassauas as a part of the Dutch earthen water-based defences.  

Extensive renovation of the fort began in 2010. The Moses Bridge was built to access the fort 
through its moat. The RO&AD architects designed this bridge made of wood. The “invisible” 
bridge seems to cut the water. 

The next combination in the Table 2. it is A-1, B-3, C-4. We get water under the roadway, 
pillars above the roadway and the material can be textile (cables). Is it possible? 

The real example of these combinations is the Air Bridge in Knutsford, Tatton Park, in Britain, 
built in 2012 (Figure 4). 

Oliver Grossetete created Pont de Singe, which means “monkey bridge,” for the Tatton Park 
Biennial. The topic of this biennial was flight. This is bridge made of wood held aloft by three 
helium-filled balloons. The ends of the bridge were left to trail in the water. This is an 
installation. It is not functional.  

If we combine A-3, B-3, C-1, we get water above the roadway, pillars above the roadway and 
the material of pillars can be stone or concrete or metal. Is it possible? 

The real example of these combinations is Veluwemeer Aqueduct, built in 2002, on Flevoland 
Island, Netherlands. 

This is so-called “water” bridge, under there is a tunnel connects the mainland with the world's 
largest artificial island. 

5. CONCLUSION 

In this article we have considered only a small part of heuristic methods. Also we had a closer 
look at the creativity and its definition. Is it possible to make the creative process more rational? 
Did the architects and builders of the bridges which we considered use similar technologies? In 
any case, such tools as heuristic methods can facilitate the creative process fo the mankind. 
That’s significant for students who are preparing to graduate and young scientists at the learning 
stage will be useful to get acquainted with different heuristic methods, it can speed up, improve 
the effectiveness of creative activities in designing. 
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Table 1. Example of combinations: *Water near the roadway, *Pillars near the roadway 
and the *Material of pillars can be stone or concrete or metal. 

Elements and 
position 

Element Properties 

А. Roadway and 
water surface 

А-1. Water 
under the 
roadway 

А-2. Water near 
the roadway 

А-3. Water 
above the 
roadway 

А-4. Water goes 
through the 

passage 

А-5. … 

В. Roadway and 
pillars 

В-1. Pillars 
under the 
roadway 

В-2. Pillars 
near the 
roadway 

В-3. Pillars 
above the 
roadway 

В-4. Pillars goes 
through the 

roadway 

В-5. … 

С. Material of 
pillars 

С-1. Stone / 
concrete / metal 

С-2. Glass С-3. Timber С-4. Textile 
(cables) 

С-5. … 

 
Figure 3. The Moses Bridge (Fort de Roovere), Netherlands, 2010. 

Table 2. Example of combinations: *Water under the roadway *Pillars above the roadway *Textile (cables). 

Elements and 
position 

Element Properties 

А. Roadway and 
water surface 

А-1. Water 
under the 
roadway 

А-2. Water near 
the roadway 

А-3. Water 
above the 
roadway 

А-4. Water goes 
through the 

passage 

А-5. … 

В. Roadway and 
pillars 

В-1. Pillars 
under the 
roadway 

В-2. Pillars 
near the 
roadway 

В-3. Pillars 
above the 
roadway 

В-4. Pillars goes 
through the 

roadway 

В-5. … 

С. Material of 
pillars 

С-1. Stone / 
concrete / metal 

С-2. Glass С-3. Timber С-4. Textile 
(cables) 

С-5. … 
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Figure 4. The Air Bridge, Knutsford, Tatton Park, Britain, 2012. 

Table 3. *Water above the roadway *Pillars above the roadway *Stone / concrete / metal. 

Elements and 
position 

Element Properties 

А. Roadway and 
water surface 

А-1. Water 
under the 
roadway 

А-2. Water near 
the roadway 

А-3. Water 
above the 
roadway 

А-4. Water goes 
through the 

passage 

А-5. … 

В. Roadway and 
pillars 

В-1. Pillars 
under the 
roadway 

В-2. Pillars 
near the 
roadway 

В-3. Pillars 
above the 
roadway 

В-4. Pillars goes 
through the 

roadway 

В-5. … 

С. Material of 
pillars 

С-1. Stone / 
concrete / metal 

С-2. Glass С-3. Timber С-4. Textile 
(cables) 

С-5. … 

 
Figure 5. The Veluwemeer Aqueduct, Flevoland Island, Netherlands, 2002. 
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ABSTRACT 

In spite of the fact that more than 25% of the territory of the Russian Federation is in seismic activity zone, new 
techniques and design solutions are not widely used than in other countries. The project of a multifunctional 
campus with social function in Yuzhno-Sakhalinsk is offered in this article. The project provides for a system of 
seismic isolation, which can protect the living space from unforeseen natural disasters. 

Keywords: Sakhalin island, Yuzhno-Sakhalinsk, seismic activity, seismic isolation, evacuaton 

INTRODUCTION 

In 20th century a special attention was given to earthquake resistance of buildings, when high-
rise constructions began to built. Unfortunately, in Russia about 80% of the buildings can not 
be classified as earthquake-resistant facility including the special conditions of Sakhalin island. 
It is necessary to analyze the seismic areas of Sakhalin and, in particular, the city of Yuzhno-
Sakhalinsk and propose the design of a multifunctional complex by using modern techniques 
and structures of seismic resistance. 

1. MODERN GEODYNAMICS OF SAKHALIN ISLAND 

The territory of the Russian Federation is generally characterized by moderate seismicity if 
compare with other countries of the world located in seismic active regions. The exception of 
the regions are North Caucasus, Southern Siberia and Far East, where the intensity of seismic 
reaches 8–9 and 9–10 points on a 12-point macroseismic scale (Figure 1). The most seismically 
active areas of the Russian’s Far East are Kuril islands, Kamchatka and Sakhalin. 

Modern geodynamics of Sakhalin island is determined by the interaction of the Eurasian 
(Amur) and North American (Okhotsk) lithospheric plates. For this reason, seismic zoning of 
this region is one of the most important tasks of seismology. Until 1995, the seismicity of the 
island was considered moderate.  
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Figure 1. Earthquake intensity in points, Russia. 

 
Figure 2. Map of seismic zoning of Sakhalin (1978–1995). 

According to the map of seismic zoning of the USSR, made in 1978 and operating on the 
territory of Russia, earthquakes with intensity up to 6–7 points were expected here (Figure 2). 

But after the strongest earthquake of 1995 in Neftegorsk (M = 7.5, I0 = 9–10 points) as a result 
of completely destroyed and people were lost. After this the level of seismicity of this territory 
was review. Experts from Russia and Japan studied this powerful earthquake. According to the 
maps of General seismic zoning (OSR–97/1998), Sakhalin currently belongs to the zone of 8–
9 points with the repeatability of such earthquakes on average once every 500 years. 

For centuries of development of Sakhalin Island, residential settlements were located in areas 
of strong earthquakes. Despite this, residents retain their attachment to these areas, many 
villages have become large cities and continue to grow. In this regard, the issues and methods 
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of design earthquake-resistant buildings and structures for Sakhalin Island is particularly actual 
in the 21st century. 

Next table shows the number of earthquakes on Sakhalin by magnitude and year. It can be seen 
that quake are quite uneven and not predictable, which is a feature of the island. 

2. FEATURES OF THE EPICENTERS OF EARTHQUAKES 
ON SAKHALIN ISLAND 

For analyze the seismicity of Sakhalin Island, next map was constructed for showing earthquake 
epicenters with M ≥ 3.0 in the period 1906–2016 (Figure 3). 

Seismicity of the Island is characterized by a heterogeneous distribution of earthquake 
epicenters. There are three areas—Southern, Central and Northern (Figure 4)—with high 
number of earthquakes. In the North of the Island, the maximum concentration of earthquakes 
is observed along the North-East coast, while in the Central and Southern parts of Island have 
reduced activity. 

3. THE INFLUENCE OF EARTHQUAKES ON THE SOCIAL PRIORITIES 
OF SAKHALIN'S CITIZENS. SOCIOLOGICAL SURVEY 

During a few months of 2019, a sociological survey was conducted among the citizens of 
Sakhalin who live now or have ever lived here. The main purpose was to ask how influence 
earthquake on casual life of Sakhalin’s people. Sakhalin's residents were asked questions about 
the place where and how long they live on this land; in what house residents live (by type, 
structure, levels of building); where they feel more secure; how often feel earthquakes; is the 
main priority in choosing Sakhalin as a place for life. According to the results of the poll, there 
are conclusions:  

358 people participated in the sociological survey; among them 73% of respondents were young 
people 18–29 years old living in the modern world. The next large age group was people 30–
50 years—23%. The smallest group of respondents were people from 51 years and above—4%. 
In general, women were the most active— 60.6%.  

The majority of respondents living on Sakhalin Island all life—21 years or longer—59.6%. 
Next a large group of people, who lived 10–20 years on Sakhalin—28%, sociologists consider 
such a group became the basis of a new generation who gave birth to children on Sakhalin 
Island. These indicators show the high stability of the main population of all Island. The other 
part of the respondents—13% live on the Island less than 10 years, among them are mostly 
those who come to work, but they are those who could not adapt to the conditions of the Island 
and left for other opportunities on the mainland.  

Localization of the respondents were distributed as follows: almost equal percentages of 
participants live in the northern part of Island (Okha, Nogliki, Aleksandrovsk-Sakhalin) and in 
the middle part of Sakhalin (Poronaysk, Uglegorsk, Makarov). The main part of the citizens 
live in Yuzhno-Sakhalinsk—67%—here the main part of respondents is concentrated, so the 
opinions of people and the choice of their social priorities can become the basis for the main 
conclusions of the researches for Yuzhno-Sakhalinsk. Besides Yuzhno-Sakhalinsk, 14% of 
citizens of Korsakov, Kholmsk, Dolinsk live in the southern part of the Island. 
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Table 1. Distribution of the number of events by magnitudes and years. 

Year/M 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 

1924–1950 0 0 0 0 1 2 4 7 0 0 0 0 

1951–1960 0 0 0 1 1 2 1 2 0 0 0 0 

1961–1970 0 1 0 37 21 4 4 0 1 0 0 0 

1971–1980 3 2 0 89 16 7 2 0 0 0 0 0 

1981–1990 5 4 2 64 26 3 2 1 0 0 0 0 

1991–1995 13 34 26 14 4 2 2 0 0 0 0 1 

1996–2000 125 172 62 27 8 6 0 0 1 0 0 0 

2001–2005 29 57 45 21 7 2 1 1 0 0 0 0 

2006–2010 12 24 21 5 3 4 0 1 0 0 0 0 

   
 Figure 3. Map of earthquake epicenters Figure 4. The zoning scheme of areas  

 of Sakhalin Island in the period 1906–2016. with different geodynamic settings. 

Next questions about safe in certain conditions in buildings of different types such as: living 
conditions affected the number of floors of residential buildings, quality of building materials 
and structures. Half of the respondents said, that they live or lived in panel houses with 5 floors; 
13%—in low-rise residential buildings, 9%—in private houses. About 20% of respondents live 
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in brick and monolithic buildings, but residents do not feel completely protection from the 
earthquake even in such capital houses.  

Questions about how people in Sakhalin feel tremors are very important for conclusion how 
earthquakes affect people’s daily lives. Most (41.3%) of respondents feel the power of 
earthquakes every 5 years. Further rated 31% feel an earthquake once a year. But 24% of people 
who absolutely do not feel the earthquake. It is not surprising, because since up to 3–4 Richter 
points you can not feel vibrations, which is typical for not very sensitive and weather-dependent 
people. One participant of survey wrote that he and his family felt earthquakes no more than 
once every 10, or even 20 years, and even then only very powerful as a catastrophic earthquake 
of 1995 with a magnitude of 7.6 completely destroying Neftegorsk. The feeling of fluctuations 
unfortunately depends on the region. By analyzing the map of seismic zoning (Figure. 2), we 
can consider in detail which areas are the most sensitive or opposite more quiet.  

Questions about why people still live or leave Sakhalin were also necessary for the analysis of 
of earthquake danger, living conditions, socio-economic parameters, quality and standard of 
living. It was important to find out how natural disasters and earthquakes affect on life of the 
Sakhalin people and the choice of their life priorities. A sociological survey showed that there 
are several reasons for moving from Sakhalin island to the mainland, and most of them do not 
depend on the seismic zone. 11% go for great opportunities for themselves and for children. 
One of the significant reasons is education (29%), as the island can provide only a limited 
choice of professions. 16% believe that on mainland is easier to find work. Respondents noted 
that the island has high prices for housing, food and clothing—everyday needs of the person. 
Despite all these difficulties of life on the island, most of the residents live here. 27% people 
note, that people more close and friendly to each other, maybe because of hard living conditions 
or because of cities and towns are small. 50% of residents note that Sakhalin is one of the largest 
and richest island of Russia—from rivers to seas, from forests to volcanoes. 

4. DANGEROUS ZONE AND SAFE ZONE OF YUZHNO-SAKHALINSK 

Based on analysis of the types and quality of living buildings in Yuzhno-Sakhalinsk, the RF 
Government order No. 1743-p (2014–2018) on the demolition of buildings in the city and 
resettlement of their inhabitants. A research was conducted the most unfavorable zones of the 
city of Yuzhno-Sakhalinsk, which can become the most dangerous in earthquakes. Among the 
potentially dangerous areas, such as: zones of industrial enterprises, technogenic facilities, old 
buildings, coastal zones, high-rise buildings without seismic isolation.  

On Sakhalin, a lot of old buildings, which requires demolition. In the Sakhalin region there are 
1732 emergency buildings which need for demolition from order of the Government of the 
Russian Federation. Yuzhno-Sakhalinsk has a large part of dilapidated buildings—506 houses. 
Most of them are buildings mainly concentrated to the historical center of the city. Near to such 
buildings, of course, residents feel in danger.  

Figure 5 showed the results of the analysis of safety zones in Yuzhno-Sakhalinsk. At first view, 
there are a lot of safe locations, but in reality, only the areas of dark red color show those areas 
that really provide safety for citizens, and their ability to quickly move to the open area or 
shelter—squares, alleys, parks and squares. According to the study, many potentially safe 
places for residents in the event of earthquakes or other natural and technogenic situations are 
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unavailable for everybody. The area of accessibility of the safe location was calculated with 
a radius of 250–500 m. taking into account that the evacuation took no more than 10 minutes.  

Next safe places includes areas which have limitation number of people, because they are 
located far enough away (fields, agriculture. land), have fences, special access conditions (large 
areas of enterprises, private areas, school areas); conditionally open spaces (parking, 
cemeteries), etc. However, these areas are considered as possible for evacuation if they are in 
the access zone. Unfortunately, with all the surface evidence, this area can not be safe enough, 
even with the strengthening of the support elements, in the event of an earthquake, because such 
soils are unstable.  

As a result of the study, the areas in Yuzhno-Sakhalinsk, the most suitable for multi-storey 
construction, the most dangerous for the present and future construction, taking into account 
possible earthquakes or natural and technogenic situations, as well as seismic protection zones, 
possible for quick evacuation of people. 

5. PROJECT DECISION’S EVACUATION ZONE 

According to the results of the research, a place was chosen for the design of a multi-functional 
complex of different floors as part of the campus using modern techniques and structures of 
seismic isolation. This article presents areas of potential safety zones where people can wait out 
in the earthquake or other dangerous situations. These zones are the main center of safety for 
inhabitants of the complex, and for near quarters.  

The place for the design was chosen not by chance—the city administration proposed this 
location as potentially attractive for investors. In the context of the area, the authors of this 
article were delivered a new, safe methods of construction in a seismically active zone; the 
creation of conditions for contingency plans and the evacuation of residents in dangerous 
situations; increasing the capacity of vocational education and creation of scientific town. 

The area in the 16th district of the city is located in walking distance to several colleges and 
universities (industrial-economic technical school, branch of Far Eastern Federal University, 
Sakhalin technical College of the service, Sakhalin state University, SakhNIRO). The central 
Cathedral, big stadium, sports grounds, shopping centers locate near the project and attract large 
mass of people. The area has convenient transport links with the ski base “Mountain air,” the 
train station and the airport. 

Multi-functional complex has necessary structure for the campus and include medical center, 
library, buildings with classrooms and laboratories, colivings for students, graduate students 
and young teachers housing with apartments. The system of colivng is proposed as a priority in 
these conditions of education, residence, establishment of social contacts and support. 

The buildings of the complex are located taking into account the urban analysis of seismic 
safety of the territory. The whole territory is divided by a wavy multi-level walking zone, the 
transits of which are located directly on the structure and below it, which provides a multi-level 
space. The center of this building provides a closed shelter for residents and neighborhoods in 
catastrophic situation. The ravine area, impossible and potentially dangerous for construction 
and living in the conditions of Yuzhno-Sakhalinsk. This area is proposed for a small park area 
with walkways.  
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Figure 5. Scheme of safe zoning evacuation in Yuzhno-Sakhalinsk. 

6. CONCLUSIONS 

Features of seismic activity of Sakhalin, uneven magnitude and other indicators in different 
parts of the island have the most serious influence on urban planning, construction, social 
attractiveness. Residents of Sakhalin consider that earthquakes in general are not the most 
terrible events in their daily lives. The main reasons for leaving the island are not earthquakes 
or difficult climate, but socio-economic priorities of the inhabitants. 

The city of Yuzhno-Sakhalinsk was studied the most dangerous and safe areas for construction 
and possible seismic protection in earthquakes and other dangerous natural and technogenic 
situations. 

The concept of a multifunctional complex with social as part of the campus where for creating 
conditions for safe living in a seismic zone are used by modern techniques and structures of 
seismic isolation. 
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ABSTRACT 

The article is devoted to the design of the park on the territory of the PNU campus with using the elements and 
principles of the eastern landscape architecture. Khabarovsk is the center of the Far Eastern Federal District. The 
city is located on the border with East Asian countries. It acts as a specific bridge between the cultures of East and 
West. The article defines the main principles, methods of formation and architectural differences at all the stages 
of development. It also describes space planning organization, main structural and planning elements and the 
elements of decoration. The article defines the role of the traditional Chinese garden in modern parks. It shows the 
unique national features of the garden elements and planning principles, which were reconstructed in new 
recreational areas of modern China and were moved to the territory of Russia. 

Keywords: traditional Chinese gardens, modern gardens, parametricism, PNU campus 

INTRODUCTION 

There is a cultural exchange between Russia and the countries of East Asia going for many 
centuries. A great attention is paid to it in both countries. There are different exhibitions, 
performances by musicians, dancers, actors, so, as a result, we learn more about our 
neighbors [9]. 

Khabarovsk is the center of the Far Eastern Federal District, which is located on the border with 
the Asian countries that is why there was a strong influence of the neighboring countries 
throughout the history. This can be seen in all aspects of people’s life, especially in the Pacific 
National University. 

A great amount of students from different countries comes to learn in a PNU, bringing their 
own culture and customs. A campus is one of the busiest places filled with international 
students, where they live, learn and communicate with their friends. There is the most powerful 
convergence of different cultures and traditions of different peoples in this place. 

1. METHODOLOGY 

During the writing of the article, the following set of the scientific methods was used: 
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1. Analogues searching (studying the literature, scientific publications, regulations and 
project documentation and materials, theoretical developments, WEB resources, which 
show the problem of the research; 

2. Study, research (researching the traditional and modern Asian gardens); 

3. Analysis and synthesis (analyzing the structure of the traditional Chinese and Japanese 
gardens, analyzing modern Chinese and Japanese gardens, the ratio of elements, 
methods and ways of organizing a space, taking into account the historical and cultural 
identity, synthesizing the obtained data; 

4. Analogies and comparisons method (identification of similarities and differences in the 
analyzed material of the research by elements); 

5. Territory analysis (symbolic analysis of the territory, transport and pedestrian analysis, 
analysis of terrain, functional areas, green areas plan); 

6. Designing (description of the general concept of the garden, the description of the 
southern, central and northern parts of the park). 

2. DATA 

During the writing of the article, the following set of the scientific methods was used: 

2.1.Planning structure 

Chinese garden traditions formed for thousands of years (Fig. 1). The first hunting areas and 
religious mystical parks laid the foundations of landscape art, which were later updated and 
corrected under the influence of historical, climatic, political, religious and territorial factors. 

The Feng Shui. The garden was created by the canons of Feng Shui—Daoist practice of 
symbolic development (organization) of space. Feng Shui helps to direct the positive energy Qi 
and prevent the build-up of negative energy Sha in the area. The basic tools for creating garden 
is a Bagua trigrams and loshu square. 

The space organization. Properly planned garden creates a sense of confined space on 
completion, privacy and serenity. Been used Taoist principles of “relatively large and small” 
and “all in one and one in all” [1]. 

The naturalness. The small space private parks has resulted to development of concise 
communication techniques, where the views are consistent, as you move along the path, and 
create the visitor the feeling of the wild nature [2]. 

The free planning. The designers is leaving from the symmetry and geometric shapes, for giving 
a natural park. In the gardens of scholars central building is library, which was related galleries 
with other pavilions (Fig. 2). 

The intertwining of art. Some methods of constructing landscape compositions were borrowed 
from painting. For example, the Shi Tao monk gardens—Garden of ten thousand stones and 
mountain abode of layered rocks. [3]. 
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Figure 1. The chronological analysis of the types of gardens. 

The Citation. This is elements of the garden landscape, typical of older gardens. The reception, 
which is very often used in the gardens of the Ming and Qing dynasties (1644–1912). In the 
mood, evokes a garden, you can come back in the days of Fu Xi and Huang Di [3]. 

The borrowing species. This technique was used in a private park, with the help of this method 
objects that were outside the garden seemed a continuation of the form [5]. 

Landscape art in China embodies the concept of the Middle Way, typical of Chinese 
civilization. We are meeting this technique everywhere between statics and dynamics, open and 
closed, sensual and intelligent, visible and invisible [3]. 

Despite the fact that the traditional garden art has a long and rich history, modern landscape 
architecture in China in its infancy. Design organizations from different countries think the 
Chinese market is very attractive. Nowadays a large number of branches of well-known 
companies are opens, many international architects are participating in projects. All of this 
enables designers closely communicate and compete with each other, which in turn improves 
the overall quality of projects. There is a transformation of the traditional elements and 
principles of design to the modern. 

New China’s parks can be divided into two groups: those using traditional methods of creating 
parks and supporters of parametric design. The first group are actively using the experience of 
classical Chinese garden and park complexes. Easy to read architectural elements, combining 
modernity and tradition is manifested both in planning decisions and in some park scenes. The 
second group is actively using parametric methods in all stages of the design (Figure 3). Study 
of relations the object with the architecture, the landscape and pedestrian ways are the main 
tasks for the architects. In the design of all modern parks, the main purpose was to preserve the 
existing green areas and fit into landscape. Parks are appearing in the field by affected industry, 
returning nature and harmony to landscape. 
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Figure 2. Plan of The Humble Administrator’s Garden. Suzhou. 

 
Figure 3. Plan of Visitor Centre. Rizhao. 

2.2.Garden elements 

In areas gardens are found pergolas, pavilions and benches designed for what visitors will long 
enjoy the spectacular views. The main elements are: the walls, specific openings, water, stone 
composition, pavilions, trails and paylou. 
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The main elements are: the walls, specific openings, water, stone composition, pavilions, trails 
and paylou. Walls can be both external fencing the garden and internal dividing the garden into 
zones and so-called scenic views. The body of the wall was often built of brick, smeared with 
clay and then painted in red, white, yellow or gray color [3]. In general, the wall has become 
an important subject, which protects the garden from the outside world, separates different 
internal areas of the garden and has its own symbols and aesthetics [5]. 

The construction of the external walls is no longer necessary because all the parks are public. 
Inner walls are often made of iron, and then coated with paint. The number of decorations 
significantly reduced: the walls are not covered with tiles, there are fewer openings and scenic 
windows and a variety of forms became poorer, mostly openings are rectangular in shape. In 
connection with using the new materials is substantially reduced wall thickness [1, 5]. 

Water was a mandatory element of the garden, water power is presented in two different, but 
equally inherent qualities. The static and dynamic state. It fills the garden of life, reflects and 
keeps the variability of existence [3]. Water permeates the whole garden. 

Modern gardens also present two forms of water. Most of the modern parks are located on the 
banks of the rivers; the designers cleverly use this advantage, skillfully creating a park in 
harmony with natural environment. Often you can find bays with rugged coastline; usually they 
have a natural form, not artificially created. 

One of the basic elements of the landscape architecture are pavilions. In the Chinese garden, 
you can see a lot of isolated scattered throughout the area buildings. Each of them has a specific 
function, creates a certain mood. In addition to the viewpoint function, pavilions can be used 
for meditation, tea ceremony, scientific sessions, music-making, bathing, preparing potions, 
admiring the snow, even an afternoon nap, and so on. Each building also is the focal point of 
the surrounding area, organizing a specific garden space 

Architectural constructions in the modern parks can be divided into two groups: the first is 
a frame or supporting structures of buildings and towers that existed before the construction of 
the park. The second group is represented by the parametric construction buildings that have 
commercial and entertaining functions. 

In the inner walls of the gardens you can often find small openings or windows of different 
shapes (in the form of a circle, vases, fans, rectangle, rhombus, etc. A window is often regarded 
as a frame, framing the picture created by the landscape outside the window. These windows 
are always carefully planned, sometimes they acquire the most appropriate shape of the form 
for the view [6]. 

The number of the openings noticeably decreased and a variety of forms has become poorer 
because of the lack of the walls in modern gardens. Mostly openings have a rectangular shape.  

An ornamented triumphal arch—Pailou is an important element of the garden. Made of stone 
or wood, they were built in honor of rulers, heroes or outstanding events, but also had 
a decorative purpose. It had one or more roofs, depending on the number of spans. The 
triumphal gates in the garden are symbolic entrances to a particular territory [7]. 

There is an analogue of the Triumphal Arch Pailou in modern Chinese garden. Externally, they 
are not similar to any traditional form of Pailou, modern gates have only one span and are made 
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of metal or wood. Lack of any decoration and unusual shape is dictated by the general concept 
of the garden. It fits in the surrounding landscape and makes a frame for the landscape as 
a result. Gray color or varnished covering are used instead of the traditional colors. 

Walkways are used to connect all the elements of the garden. Using twisty roads and galleries 
allows providing a variety of landscapes in a limited space. Paths went around the pavilions, 
rocks, trees, ponds and became the bridge when reached the water. Moving from one place to 
another, visitors could view series of carefully selected scenes. It had a very large extent, so it 
seemed that the garden is much more than it actually was. 

Way in the new parks can be divided into two types: first are used the traditional principles of 
creating tracks in the aggregate with geometric forms. The latter actively apply parametric 
structure for the creation of pedestrian networks. The system of “multi-trail” provides 
maximum accessibility and convenience for visitors [8]. The network provides independent 
adaptive settings in accordance with the change in the form of relief, functional requirements. 
People can go different routes using all features of the park and enjoying the surrounding 
landscape. 

2.3.Analysis of the territory 

For the correct application of the data obtained at the analysis of the traditional and modern 
landscaping complexes of China necessary to conduct a full analysis Pacific National 
University campus territory. 

The PNU campus was founded in 1981 and has a rigid planning structure which can be 
correlated with the planning structure of traditional Chinese house-garden SiHeYuan. There is 
no central compositional axis and symmetry in the campus. It is only possible to draw an 
analogy speaking about the location of the designed object heading strongly to the cardinal 
points, and the location of the garden in a residential area. It also has a central location and is 
surrounded by buildings. 

After transport and pedestrian analysis should be noted several types of pedestrian transits. The 
most of the main pedestrian ways has not been inherent in the project, they were trodden 
pedestrians and later paved. 

The one of the main problems of the campus is a small waterlogging territory. In this place 
formed a ravine, whose keeping water after rain and melting snow. 

The PNU Campus is presented by residential buildings. There are 10 student hostels on its 
territory, one of which is occupied by students from other countries. Campus includes four 
functional areas. Sport area occupies a small territory, so many students go to neighboring 
blocks to training. 

There is a large amount of green space in this area. The analysis revealed 10 different types of 
trees. Research of campus flora allow us to say that all the tree planting was aimed to protect 
this area from exposure to noise, dust, polluted air and wind. This was completely absent 
decorative function, also it wasn’t provided green areas for recreation. 
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3. DATA 

After analyzing the territory, it is possible to identify a number of features and problems with 
relief and planning structure, which should be taken into account during the design. 

A free layout of the garden is largely due to its compensatory function in the spatial structure 
of the quarter. A rigid planning structure was laid while designing the quarter. Beautifully 
landscaped garden gives people some freedom and a chance to relax. It also creates a balance 
in the planning of the quarter. 

The planning theme is dictated by modern analogues, such as: Earthly Pond Service Center of 
International Horticultural Exposition Qingdao, Shandong, China; Heavenly Water Service 
Center of International Horticultural Exposition 2014 Qingdao, Shandong, China Visitor 
Center. Rizhao, China. Planning structure was designed in the Grasshopper program, the main 
tool for finding forms was Delaunay triangulation. The functional zoning was made with using 
of Bagua trigrams, after identified the main architectural volumes (Fig. 4). The plan of the 
garden symbolizes the flow, with its course and quiet backwaters, where the energy flows 
smoothly. It starts from the northern entrance of the main academic building of Pacific National 
University, the most powerful source of attraction in this area and gradually dissolves in the 
space of a student campus [10]. 

There is no need to build the outer walls, because this garden is public. The interior walls will 
separate the narrow space and violate the integrity of the visual perception of garden 
composition. Roads, buildings and natural landforms are symbolizing the interior walls, it’s 
shared garden area and release the park plan in the common space of the quarter. 

The garden has a focus on passive recreation. This choice is due to the lack of recreational areas 
in the PNU campus area. The project offers plenty of space for relaxing pastime, where the 
students can get together after the study and discuss future plans, meet and find new friends. 
There are also sports areas where various types of gyms and recreation zones are available. At 
the center of the garden an open space for outdoor activities and team games is created, which 
will unite the inhabitants of the campus and teach them to work in a team. 

The tradition of Feng Shui teaches that the place where the tree grows in the nature determines 
the quality of the tree impact on the human. Adult trees stand in their place for many years and 
enter into communication with the Qi that circulates around them on the common way. The 
older and curvier the tree is, the more its removal would break the flow of the energy in this 
area. Removing dead trees is not recommended as well. 

Garden will be located in three zones using trigrams bagua. 

The southern part of the park is located in the Phoenix zone, this is the biggest part of the whole 
garden. The forms of the pointed shape are dominant in this area, which are elements of the 
symbolism of Fire. There is one area for outdoor activities in this part of the campus, which 
includes an open area, fitness equipment and relaxation area, as well as two areas for passive 
recreation which are in the so-called “backwaters.” The fenced area has an open space area and 
tiered benches, made in the style of the garden. The project proposes to create an interactive 
stand near the entrance of the PNU, which will display information about the various events 
taking place in the PNU. The shape of the stand is a type of wall, located in Houtan Park. 
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Figure 4. The creation of a garden structure. 

The construction is a metal frame with plastic trim. Instead of some types of windows, an 
electronic equipment will be encased. Red benches and an interactive stand booth is also 
a reference to the element of fire. All the pedestrian paths are paved with tiles of two types. 
A part of the area where the trees grow, is laid out with fine gravel, this element is a symbolic 
representation of water. It would help to keep moisture close to green spaces, as a kind of 
drainage system. 

The central part of the garden is located in the snake zone. The plan of this area is dominated 
by rounded shapes, which are symbols of the Earth. In this part of the campus there is a large 
open area, designed for team sports and outdoor activities. There are four types of paving in 
this zone. Yellow paving is a symbol of the Earth element. In the western part of this zone, 
there is an analogue of the Triumphal Arch–Pailou. This element has a round shape as well as 
the layout of the central part of the garden and has a yellow color, belonging to the element of 
Snake. 

The northern part of the garden is located in the Turtle zone. The element of the area is Water. 
Chinese Garden has another common feature—the historical and cultural memory. A citation 
is common there. The compositions that remind of any known ancient gardens or famous places, 
actually existing in the country are often created in Chinese gardens [5]. This is about the Wave 
Garden located in Tokyo, created by Shunmyo Masuno. The idea of that author was the basis 
of the area of the garden. Initially it was a ravine, where the water accumulated after the rain or 
the snow melting. To solve this problem, it was decided to create a drainage system. Its upper 
elements, especially a fine gravel, look well with the styling of the garden. This area of the 
campus would become more habitable, so the slope should be strengthen with the help of 
terracing. Retaining walls make it possible to strengthen the slope and serve to decorate the 
territory. It is impossible to create long-term areas at the top of the slope or at the lowest point 
of the area without a credible strengthening of the slopes. There are two types of paths in this 
area. The first one made in a traditional style. It passes through the top of the slope and is made 
of large flat stones laid at a certain distance from each other. The second path passes at the 
bottom of the slope. It is made of pillars protruding from the ground. This element is placed 
just at the place where the water accumulated. The configuration of it is not random, it has 
several bends and. This path is similar to the winding bridges built over the ponds in the Chinese 
garden. There are two viewpoints at the top of the slope along the path. These viewpoints are 
closed by trees are designed so that you can comfortably enjoy the views of the garden. There 
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is an observation deck with a panoramic view of the entire garden in the southern part of this 
area. To solve the transport problem of the quarter, specifically the lack of parking zones, 
a multi-level car parking is designed on the northern part of the campus. As the shape of the 
building, the square was chosen—the most correct figure in terms of Feng Shui. This object is 
located in the element of Water area, so the facades were made in the wave style. 

Another problem is the wrong shape of buildings in terms of Feng Shui. Some constructions in 
its plan have a shape of two interconnected rectangles, creating both internal and external 
angles. In terms of Feng Shui, the energy of Qi is stagnant in those corners. It is necessary to 
bring the general outline of the building to the proper shape of a rectangle or square to prevent 
this from happening. In this case, this is achieved by planting trees and creating beds. 

4. CONCLUSIONS 

China Modern gardens can be divided into 2 parts: The first type uses traditional methods to 
create worked out for thousands of years with the elements of modern planning. The second 
type of parks are using parametricism as the basis of all architectural processes. 

Between modern and traditional of China gardens, are both similarities and differences. Using 
different methods of designing planning landscaping complexes is significantly different. the 
main elements of garden are saved, but their appearance has changed and is linked to the overall 
theme of the project. 

Garden project on the territory of PNU campus is the quintessence of modern and traditional 
methods and techniques of design and garden elements. All the elements are adapted to the 
climate of the Khabarovsk Territory. The project uses the available building materials and 
plants. 

REFERENCES 

1. J. Cheng, “The Craft of Gardens.” Yale University Press: London; New Haven, 1988. 

2. C. S. Chao, “Aspects of Traditional Chinese Houses and Gardens.” University of 
Sydney, 1989.  

3. E. V. Zavadskaja, “Besedy o Zhivopisi. Shi-tao [Conversations about Painting. Chi-
tao].” Moskow, 1978. 

4. V. I. Luchkova. “Istoriia kitaiskogo goroda [The History of Chinese City].” Pacific 
National University Publ.: Khabarovsk, 2011. 

5. Q. Lou. “Klassicheskie sady i parki Kitaja [Classical Chinese gardens and parks].” 
Intercontinental Publishing House of China: Beijing, 2003. 

6. Archdaily, http://www.archdaily.com/614412/earthly-pond-service-center-of-
international-horticultural-exposition-hhd_fun/. 

7. Archdaily, http://www.archdaily.com/613765/heavenly-water-service-center-of-
international-horticultural-exposition-2014-hhd_fun/. 

8. P. Warning, “Fjen-shuj dlja sada i dachi [Feng Shui of Gardening].” Eksmo: Moskow, 
2003. 



24th Inter-University Symposium on Asian Megacities 

 

262 

9. A. A. Kim and D. S. Tceluiko, “The Border of Cultures as a Zone of Formation of 
Eclectic Architecture.” IOP Conference Series: Materials Science and Engineerin, 
vol. 463, pt. 1, 2018. https://iopscience.iop.org/article/10.1088/1757-899X/463/2/ 
022093. 

10. D. S. Tceluiko and M. E. Bazilevich. “Space syntax. Mathematical analysis of 
traditional Chinese private gardens planning structures.” IOP Conference Series: 
Materials Science and Engineerin, vol. 463, pt. 1, 2018. https://iopscience.iop.org/ 
article/10.1088/1757-899X/463/2/022033. 

 

 

 



 

263 

 
 
 

 
 
 
 

 
 
 

SEOUL NATIONAL UNIVERSITY 
 

SEOUL 
REPUBLIC OF KOREA 

 
 
 

 



 

 

  



Seoul National University 

 

265 

 

A Study on the Perceived Station Influence Area 

Using Online Map Search Engine and Analysis 

of Their Spatial Characteristics 

 
Eunbee Gil and Youngsang Kwon 1 

Seoul National University, Seoul, Republic of Korea,  
eunbeeg@snu.ac.kr, yskwon@snu.ac.kr 

ABSTRACT 

There were various discussions on the proper size of the station influence area (SIA), however, only few researches 
has focused on its form. The purpose of this study is to redefine the form of SIA based on the boundary where 
people do perceive as SIA. To reason out the perceived SIA, the point data displayed in online map search engine 
is used. As a result the redefined SIA exhibits spatial based form out of the traditional form, quarter mile circle. 
First, this study analyzed online map search engine data of 4 stations in Gangnam-gu, Seoul. Using Geocoding in 
GIS, point data (geographic coordinates data) of search results overlapped and expressed. The newly SIA is defined 
by clustering each point. Second, spatial autocorrelation is used to prove that the redefined SIA is more suitable 
for the characteristics of the SIA than the traditional theory. Lastly, characteristics of the redefined SIA in the 
urban design give us the clue that traditional awareness on the form of SIA could be modified. It will be useful 
information for the design of the SIA in the future and helpful for policy makers to establish appropriate policies 
by narrowing the gap between the SIA defined by the law and the perceived SIA of user. 

Keywords: station influence area, Seoul, Korea, online map search engine, perceived area, urban spatial 
characteristics 

 

INTRODUCTION 

Quarter mile circle is the generally-used definition of Station influence area (SIA). This is the 
kind of limited walking distance that the station users can access on foot from the station, which 
was conceived from Clarence A. Perry’s Neighborhood Unit Theory. However, the Quarter 
mile circle is a definition considering only the walking distance without the station’s 
geographical characteristics or design conditions. Nevertheless, many countries still define the 
Quarter-mile circle as the size and form of the SIA. Based on this, benefits and regulations for 
SIA are being implemented. In other words, the Quarter mile circle is not just a conceptual 
definition but is a basis for policy. 

This study aims to explore the need for new definition of SIAs forms that fit each characteristic. 
Also, this study tries to derive the implications for future SIA planning through the analysis of 
drawings. As a way of doing things, this study redefines SIA based on until where people do 
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perceive as SIA. Next, the urban spatial characteristics of the derived areas are classified into 
points, lines, and polygon elements to identify the unique characteristics of SIA. This is 
expected to be used to adjust inefficient regulations and benefits due to differences between 
SIA defined by the law and SIA perceived by people. It will be also helpful to provide 
appropriate guidance for SIA design in the future. 

1. STUDY AREA AND RESEARCH METHOD 

1.1.Study area 

The study area focused on the four stations: Gangnam Station, Sinnonhyeon Station, Unju 
Station, and Yeoksam Station located in Gangnam-gu, Seoul. These four stations were located 
around one block and the distance at each station was constant. Due to these facts, they have 
been passed as fit for comparing the SIA forms by the station. 

For the data used in this study, in principle, the analysis was carried out with more than 
300 search engine coordinate data by each subway station. The base year was matched to 2019. 
Other data used to derive urban spatial characteristics were analyzed under the Table 1. 
conditions. 

1.2.Research method 

To redefine the SIA and derive its characteristics, this study goes through a two-step. The first 
step is to redefine SIA by using search engine coordinate data. A new SIA is derived by 
mapping the coordinate data expressed when a specific keyword is searched and then grouped 
in the one area considering point density. The second step is the process of classifying the 
design, topographical and physical characteristics of a defined area into points, lines, and 
polygons to derive the characteristics of that area. The purpose of this step is to identify the 
characteristics of redefined SIA from the point (building, facility), line (road) and polygon 
(density, land-use). 

2. STUDY AREA AND RESEARCH METHOD 

Various studies on SIA have been conducted in recent 10 years. The most recent study by Jin 
Ki Eom, Jungsoon Choi, Man Sik Park, and Tae-Yong Heo (2019) examined the geographical 
distribution and characteristics between railway-bus using smart transportation card data. Mi-
Kyong Kim, Sang-Pil Kim, Joon Heo and Hong-Gyoo Soon (2017) also used smart 
transportation card data to conduct a cluster analysis of urban railroad passengers and looked 
at traffic congestion patterns from the perspective of land use and demographic factors. Sophie 
Hasak, Geraldine Bodard (2016) used fieldwork and Quantitative Analysis to derive factors to 
affect the shape and function of SIA at French Railway Station. Ye Li, Haopeng Deng (2015) 
investigated the walking distance area of the railway station according to the construction 
environment (walking road, etc.) using the Kish’s Logit PSM (KLP) model and the OLS 
regression model. Myung-Jin Jun, KeeChoo Choi, Ji-Eun Jeong, Ki-Hyun Kwon, Hee-Jae Kim 
(2015) found that the metropolitan subway stations affected the surrounding population, 
employment density and land-use mixing diversity, but the spatial scope for them was different. 
Heungsoon Kim, Jaehyoung Nam (2013) surveyed 100 passersby at seven railway stations in 
Seoul to determine the size of the SIA in Seoul. 
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Figure 1. Stations surveyed in this study. 

Table 1. Distribution of the number of events by magnitudes and years. 

Title of data Source Reference time 

Land characteristic information National Spatial Data Infrastructure Portal 2019.05.20. 

GIS Building information National Spatial Data Infrastructure Portal 2019.07.07. 

Sidewalk section National Spatial Data Infrastructure Portal 2019.07.05. 

Road section National Spatial Data Infrastructure Portal 2018.03.31. 

Bus stop information Seoul Open Data Plaza 2018.11.12. 

Transient population Seoul Open Data Plaza 2015 

Search engine coordinate data Naver (Search Engine)* 2019 

*2019.02.13, Domestic search engine ranking: Naver (74.4%), Google (13.2%), Daum (9.6%) 
(Online-based market research institute, Open Survey) 

 

Figure 2. Flow diagram for study. 

Seungil Lee, Changhyo Yi, Soung-Pyo Hong (2013) conducted an analysis of the land-use 
diversity and density of transit stations of the Seoul Metro System to present policy implications 
for TOD (Transit-Oriented Development) strategy. Jinbao Zhao, Wei Deng (2015) used 
regression analysis for walking distance by household income, age, etc. about the RRT system 
in Nanjing, China, and found that each variable had a significant effect on walking distance. 
Erick Guerra, Robert Cervero, Daniel Tischler (2012) argued that a 0.5 mile is lack of evidence 
to define the standard size of the TOD, and derived specific SIA within 0.5 miles through 
regression analysis of variables such as the number of transit passengers, station levels, distance 
and so on. 
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3. FRAMEWORK OF ANALYSIS FOR REDEFINITION OF SIA 

3.1.Research scope 

The study area to redefine SIA was set up as Table 3. Keywords for extracting coordinate data 
were set as “related search” automatically displayed by the search engine. Related search refers 
to the serviced keywords provided by the search engine by automatically analyzing the user’s 
search trends, use behaviors and associations. The usual SIA for comparison with redefined 
perceived SIA follows a quarter-mile circle in the Seoul Metropolitan Government guidelines. 

3.2.Set-up the urban spatial characteristics of SIA 

The transient population and land prices were used to check whether the derived areas function 
as SIA. Variables for analysis of urban spatial characteristics of perceived SIA are set as shown 
in Table 5. These variables were set up by referring to precedent studies. 

4. DERIVATION PERCEIVED SIA 

Initially, keywords were derived based on related search words in the search engine. Secondly, 
extract at least 300 to 1000 coordinates data for each keyword. Thirdly, coordinates data are 
made into a cluster by considering density and the newly created cluster. Lastly, remove the 
area by outliers. 

5. URBAN SPATIAL ANALYSIS OF PERCEIVED SIA 

Derived area through the preceding process is Figure 7. The transient population and the land 
price of the area are as Figure 8, 9. The transient population shows high values along Gangnam 
Station and Shinnonhyeon Station and also tends to be relatively high near Yeoksam Station. 
On the other hand, the value near Unju Station is relatively low. 

Land prices tend to form high value along major roads. On the east side of the road among 
Gangnam Station and Shinnonhyeon Station (Gangnam Road), perceived SIA and cluster of 
plots with high land prices show similar distribution patterns. On the other hand, on the west 
side of Gangnam-daero, perceived SIA and cluster of plots with the high land price are slightly 
thinner than the east side. Meanwhile, in the surrounding of Yeoksam and Unju stations, high 
land prices do not mean the perceived SIA. This means that in some stations, even though the 
area located within quarter-mile circle or on the side of the boulevard, it cannot be perceived as 
SIA. 

5.1.Point : Building and Bus stop 

Landmark refers to a standard of anchor facility in Seoul Credit Guarantee Foundation. 
However, among the proposed anchor facilities, small facilities and residential support facilities 
such as elementary schools, supermarkets, pharmacies, and general hospitals were excluded. 
Also, the corporate headquarters were added. In conclusion, the anchor facilities considered for 
the landmarks are government offices, general hospitals, department stores, theaters, hotels, and 
corporate headquarters. Most of the landmarks are within the perceived SIA. Even if it does not 
within the perceived SIA, it can be seen that there is SIA around it. Also, if the landmarks are 
connected along the road, the perceived SIA is expressed in stronger. 
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Table 2. Precedent studies. 

Title of work Author Journal 

Exploring the catchment area of an urban 
railway station by using transit card data: 

Case study in Seoul 

Jin Ki Eom, Jungsoon Choi, Man 
Sik Park, Tae-Yong Heo 

Cities 95, 2019 

Ridership Pattern at Subway Station of 
Seoul Capital Area and Characteristics of 

Station Influence Area 

Mi-Kyeong Kim, Sang-Pil Kim, 
Joon Heo, Hong-Gyoo Sohn 

KSCE Journal of Civil 
Engineering (2017) 

Influence areas of railway stations: How 
can we explain their geographic forms? 

Sophie Hasiak, Geraldine Bodard World Congress on 
Railway Research 

(WCRR), 2016 

How Built Environment Affects the 
Walking Catchment Area of a Rail Transit 

Station: Empirical Evidence from 
Shanghai, China 

Ye Li, Haopeng Deng CICTP, 2015 

Land use characteristics of subway 
catchment areas and their influence on 

subway ridership in Seoul 

Myung-Jin Jun, KeeChoo Choi, 
Ji-Eun Jeong, Ki-Hyun Kwon, 

Hee-Jae Kim 

Journal of Transport 
Geography, Volume 

48, 2015 

The size of the station influence area in 
Seoul Korea: based on the survey of users 

of seven stations 

Heungsoon Kim, Jaehyeong Nam International Journal of 
Urban Sciences, 2013 

Urban structural hierarchy and the 
relationship between the ridership of the 

Seoul Metropolitan Subway and the land-
use pattern of the station areas 

Seungil Lee, Changhyo Yi, 
Soung-Pyo Hong 

Cities 35, 2013 

Relationship of Walk Access Distance to 
Rapid Rail Transit Station with Personal 

Characteristics and Station Context 

Jinbao Zhao, Wei Deng Journal of Urban Planning 
and Development, 2013 

Half-Mile Circle : Does it best represent 
Transit Station Catchments? 

Erick Guerra, Robert Cervero, 
Daniel Tischler 

Journal of the 
Transportation Research 
Board, No. 2276, 2012 

Table 3. Study area and search condition. 

Station Location Keywords Date of searching 

Gangnam Station 396 Gangnam-daero, 
Gangnam-gu, Seoul 

Famous restaurant, Cafe 2019.07.04 

Sinnonhyeon Station 102 Bongeun-sa, 
Gangnam-gu, Seoul 

Famous restaurant, Cafe 2019.07.04 

Unju Station 201 Bongeun-sa, 
Gangnam-gu, Seoul 

Famous restaurant, Cafe 2019.07.04 

Yeoksam Station 156 Teheran-ro, 
Gangnam-gu, Seoul 

Famous restaurant, Cafe 2019.07.04 
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Table 4. Variables to verify SIA. 

Variables to verify SIA Source Reference time 

Transient population Seoul Open Data Plaza, Transient population 2015. 

Land prices National Spatial Data Infrastructure Portal, 
Land characteristic information 

2019.05.20. 

Table 5. Data source and reference time for urban spatial characteristics analysis. 

Category Sub-category Sub-sub category Source Reference 
time 

Point Building Landmark — — 

Facility Bus stop Bus stop information, 
Seoul Open Data Plaza 

2018.11.12 

Line Road Sidewalk width Sidewalk section, 
National Spatial Data Infrastructure Portal 

2019.07.05. 

Road width Road section, 
National Spatial Data Infrastructure Portal 

2018.03.31. 

Road contact Land characteristic information, 
National Spatial Data Infrastructure Portal 

2019.05.20. 

Polygon Density Building coverage 
ratio 

GIS Building information, 
National Spatial Data Infrastructure Portal 

2019.07.07 

Floor area ratio GIS Building information, 
National Spatial Data Infrastructure Portal 

2019.07.07. 

Building height GIS Building information, 
National Spatial Data Infrastructure Portal 

2019.07.07 

Topography Slope Land characteristic information, 
National Spatial Data Infrastructure Portal 

2019.05.20 

Use Building use GIS Building information, 
National Spatial Data Infrastructure Portal 

2019.07.07. 

Land use Land characteristic information, 
National Spatial Data Infrastructure Portal 

2019.05.20. 

Bus stops are arranged with a series of continuity in the south-north direction to make up the 
weakness of the East-West direction subway system. The connectivity of subways is difficult 
to affect walking, consumption and physical forms on the ground level. In the case of bus stops, 
it affects the walking direction. The South-North direction where bus stops are concentrated, 
especially Gangnam-daero which connects Gangnam Station and Shinnonhyeon Station, 
perceived SIA appears strongly. 



Seoul National University 

 

271 

   
 Figure 3. Quarter mile circle. Figure 4. Search engine coordinate data. 

   
 Figure 5. Cluster of coordinate data. Figure 6. Cluster exclude outlier. 

 

Figure 7. Perceived SIA. 

5.2.Line : Road 

The width of the sidewalk and the road appeared to have little effect on the perceived SIA. 
However, there is a tendency for a perceived SIA to form along roads of 25 meters or more. 
This seems to be because major subway stations are encouraged to be located at major road 
intersection.  

Table 7 shows that perceived SIA and quarter-mile circle have a lower ratio of (11) and (12) 
compared to the Gangnam and Seocho means. On the other hand, the ratio of Plots near to (1), 
(2), (3) and (6), (7) is high in both areas. These areas are surrounded by roads over 25 meters, 
such as Gangnam Boulevard and Teheran Road. These areas are connected directly to the 8–
12 meter side road from over 25 m road. This means that the structure of the main and side 
street is more important than the width of the road. 

The perceived SIA has a high ratio of plots adjoining over 8 m road, while the quarter-mile SIA 
has a relatively high ratio of plots adjoining roads less 8 m road. The quarter-mile SIA includes 
many plots adjoining to the less 8 m road located in the center of the block. On the other hand, 
since the perceived SIA is formed along the main road, perceived SIA has a low ratio of plots 
adjoin to the less 8 m road. 
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 Figure 8. Transient population. Figure 9. Land price. 

Table 6. Point : Building and Bus stop. 

Category Map Legend 

Point Building Landmark 

  

Facility Bus stop 

 

— 

5.3.Polygon : Density and use 

The width of the sidewalk and the road appeared to have little effect on the perceived SIA. 
However, there is a tendency for a perceived SIA to form along roads of 25 meters or more. 
This seems to be because major subway stations are encouraged to be located at major road 
intersection.  

In terms of density, both perceived and quarter-mile SIA have a higher value of Building 
coverage ratio, floor area ratio, and building height compared to the non-SIA. Comparing the 
density between the perceived SIA and the quarter-mile SIA, there is little difference in the 
building coverage ratio. However, the perceived SIA has a higher value of floor area ratio and 
building height than the quarter-mile SIA. Assuming that each value of Gangnam and Seocho 
District is 1, users’ perceived SIA has a building coverage ratio 1.42 times higher, floor area 
ratio 1.87 times higher, and building height 1.70 times higher than non-perceived SIA. 

Both the perceived SIA and quarter-mile SIA showed overwhelmingly high flatland ratio. Also, 
there are very few Gentle Slope plots in the perceived SIA. This is clearly shown on the map. 
It can be seen that the perceived SIA is formed by avoiding the slope inside the block. 
Eventually, slopes that are not walk-friendly may be included within the quarter-mile but are 
not perceived as SIA. 
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Table 7. Line : Road. 

Category Map Legend 

Line Road Sidewalk 
width 

  

Road width 

  

Road 
contact 

Both the perceived SIA and quarter-mile SIA showed overwhelmingly high flatland ratio. Also, 
there are very few Gentle Slope plots in the perceived SIA. This is clearly shown on the map. 
It can be seen that the perceived SIA is formed by avoiding the slope inside the block. 
Eventually, slopes that are not walk-friendly may be included within the quarter-mile but are 
not perceived as SIA. 

Quarter mile SIA and Gangnam, Seocho District have a similar ratio of residential buildings 
and differ only from commercial and business buildings. This shows that SIA is generally 
considered to have many commercial and business buildings and fewer others (except 
residence) than its surrounding areas. The perceived SIA has a ratio of more than 60 percent of 
commercial buildings. Considering both commercial and business buildings are more than 
70 percent. While quarter-mile SIA has no significant differences in the ratio of residential 
buildings compared to non-SIA, the perceived SIA has a low ratio of residence ratio and an 
overwhelming concentration of commercial and business buildings. 

6. DISCUSSION AND CONCLUSIONS 

The purpose of this study was to define the SIA perceived by real users for four stations in 
Gangnam-gu, Seoul, and to derive the urban spatial characteristics of that area. Through this 
process, this study found out the difference in the definition of SIA, which was previously used, 
and the perceived SIA by real users. 
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Table 8. Road contact. 

Category Perceived SIA quarter mile SIA Gangnam, Seocho-gu (District) 

Number 
of plot 

Percentage of plot Number 
of plot 

Percentage of plot Number 
of plot 

Percentage of plot 

(1) 98 3.86% 17.36% 197 3.56% 14.78% 3,327 5.14% 13.84% 

(2) 258 10.15% 436 7.89% 3,353 5.18% 

(3) 85 3.35% 184 3.33% 2,287 3.53% 

(4) 67 2.64% 7.91% 121 2.19% 6.46% 2,529 3.90% 8.19% 

(5) 134 5.27% 236 4.27% 2,777 4.29% 

(6) 335 13.18% 26.41% 559 10.11% 19.74% 4,867 7.51% 15.53% 

(7) 336 13.22% 532 9.63% 5,193 8.02% 

(8)) 680 26.76% 36.91% 1830 33.11% 48.98% 20,139 31.09% 43.51% 

(9) 258 10.15% 877 15.87% 8,044 12.42% 

(10) 31 1.22% 1.22% 65 1.18% 1.18% 2,142 3.31% 3.35% 

(11) 0 0.00% 0 0.00% 29 0.04% 

(12) 2 0.08% 0.08% 3 0.05% 0.05% 4,941 7.63% 7.63% 

Road 257 10.11% 10.11% 487 8.81% 8.81% 5,144 7.94% 7.94% 

(1) one side of land facing a road more than 25 meters 

(2) one side of land facing a road more than 25 meters and another of land facing a road more than 8–12 meters 

(3) one side of land facing a road more than 25 meters and another of land facing a road less than 8 meters 
(vehicle passable) 

(4) one side of land facing a road more than 12–25 meters 

(5) one side of land facing (4) and another of land facing (8) 

(6) one side of land facing a road more than 8–12 meters 

(7) two side of land facing (6) or (6), (8) 

(8) one side of land facing a road less than 8 meters (vehicle passable) 

(9) two side of land facing a road less than 8 meters (vehicle passable) 

(10) one of land facing a road less than 8 meters (only two-wheeled passable) 

(11) two of land facing a road less than 8 meters (only two-wheeled passable) 

(12) land-locked property 

Examining the results of the study, the perceived SIA was found to be formed along the street 
rather than in the form of a concentric circle. Impact areas and distribution patterns varied by 
station. 
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Table 9. Road contact. 

Category Map Legend 

Polygon Density Building 
coverage 

ratio 

 

— 

Floor area 
ratio 

 

— 

Building 
height 

— 

Topo-
graphy 

Slope 

  

Use Building 
use 

  

Land use 
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Table 10. Density. 

Category Perceived SIA quarter mile SIA Gangnam, Seocho-gu 

Building coverage 
ratio (%) 

30.29 31.42 21.31 

Floor area ratio (%) 147.49 131.53 79.04 

Building height (m) 10.61 9.52 6.25 

Table 11. Density compare to Gangnam, Seocho-gu. 

Category Perceived SIA quarter mile SIA Gangnam, Seocho-gu 

Building coverage 
ratio (%) 

1.42 1.47 1 

Floor area ratio (%) 1.87 1.66 1 

Building height (m) 1.70 1.52 1 

Table 12. Topography (Slope). 

Category Perceived SIA quarter mile SIA Gangnam, Seocho-gu 

Number 
of plot 

Percentage of 
plot 

Number 
of plot 

Percentage of 
plot 

Number 
of plot 

Percentage of 
plot 

Highlands — 0.00% — 0.00% 41 0.06% 

Steep slope — 0.00% — 0.00% 643 0.99% 

Gentle slope 15 0.59% 168 3.04% 7,327 11.31% 

Lowlands — 0.00% — 0.00% 153 0.24% 

Flatlands 2,269 89.30% 4,874 88.19% 51,599 79.66% 

Not defined 257 10.11% 485 8.78% 5,009 7.73% 

The perceived SIA has the following characteristics. First, the landmark is seen as a significant 
factor in forming the perceived SIA. Most of the landmarks are located at the center of the 
perceived SIA and, if they are not within that area, the perceived SIA is formed around them. 
Especially when the landmark is located with continuity, it appears to form a strong perceived 
SIA. 

Second, bus stops were expected to affect walking more than a subway station. The area where 
the bus stops are concentrated matched the strong perceived SIA. 

Third, it was found that the sidewalk appeared to have little impact on the perceived SIA. The 
road also did not significantly affect the perceived SIA if it was not wider than 25 meters. Rather 
than the width of the road, the structure of the road is seen as a more important factor in forming 
a perceived SIA. In other words, if the side road connected to the main road, even if the side 
street is less than 12 meters, it is perceived as an SIA. 
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Table 13. Building use. 

Category Perceived SIA quarter mile SIA Gangnam, Seocho-gu 

Number 
of plot 

Percentage of 
plot 

Number 
of plot 

Percentage of 
plot 

Number 
of plot 

Percentage of 
plot 

Residence 372 14.64% 1,954 35.35% 23,199 35.82% 

Commerce 1,552 61.08% 2,478 44.83% 18,899 29.18% 

Business 316 12.44% 520 9.41% 3,886 6.00% 

Others 301 11.85% 575 10.40% 18,788 29.01% 

Fourth, in terms of density, perceived SIA was found to have higher values of building cover 
ratio, floor area ratio, and building height than non-SIA. Compared to non-SIA, the perceived 
SIA has 1.43 times building coverage ratio, 1.8 times the floor area ratio, and 1.7 times building 
height. 

Fifth, it is formed by avoiding the slope of perceived SIA.  

Finally, in terms of building use, commerce+business:residence:others ratio is 7.35:1.45:1.2. 
This ratio means that most of the areas perceived as SIA consist only of commerce and business 
buildings. 

This conclusion illustrates the difference between the definition of SIA, which was previously 
used, and the perceived SIA by real users. This suggests that a more detailed discussion of the 
size and shape of the SIA is needed. 

However, in the case of search engines used to get data, the possibility that gender, age, 
characteristic of data producers (search engine users) are biased cannot discount. Also, the 
analysis of this study is based on drawings. Therefore, a more specific empirical analysis is 
required in the future. 
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ABSTRACT 

VR (virtual reality) technology is emerging as one of the most crucial part in the Fourth Industrial Revolution. Its 
utilization lies in various areas: entertainment, education, medical treatment,urban tourism, media contents, and 
production industries. Such technology enables various platforms to develop, which ultimately leads to the 
materialization of smart cities. Among them, virtual urban tourism is one of the most prominently recognized 
areas. This paper aims to analyze contemporary VR technology and its application to specific tourist destinations. 
As a field with great potential to develop and a key to the materialization of future smart cities, VR technology 
and its related areas need futher research in terms of both technology and contents. 

Keywords: virtual reality, urban tourism, technology, immersive contents 
 

INTRODUCTION 

The Fourth Industrial Revolution has brought about various advances in contemporary 
technologies. Among them, VR (virtual reality) technology is one of the most rapidly advancing 
with big potentials. Briefly, VR can be defined as an interface between human and computer 
that enables the user to experience and interact within the virtual environment which is 
simulated as a counterpart of the real-world environment. 

As of 2018, the worldwide revenue in the VR market sums up to 3.6 billion dollars, and it is 
forecasted to increase up to 16.3 billion dollars in 2022. Currently, VR is used not only in games 
for entertainment purposes but also in areas such as education, tourism, medical treatment, mass 
media, and production industries. Such uses of VR implicate great potential in the development 
of various platforms for materialization of smart cities. In urban tourism, especially, VR is 
widely being used in creating immersive contents for tourism marketing and local economic 
revitalization. 

This research aims to review the concept of VR and its uses in urban tourism. Research 
procedures have been taken as the following; 1) theoretical contemplation through literature 
review on VR, 2) case studies of VR applications in urban tourism, 3) analysis of each case by 
VR typologies. 

 
© Jeong Kwang Sik, Kwon Youngsang, 2019 
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1. THEORETICAL BACKGROUND 

1.1.Virtual Reality 

The word virtual reality had been first used by an American computer scientist Jaron Lanier at 
1989. There were, however, previous efforts to create and materialize virtual reality [1], in 
which definitions of VR slightly varied over time. A commonly recognized definition of VR is 
a computer-generated virtual environment in which user interaction and exploration occurs 
along with real-time simulation with one or more of the five senses [2–4]. The user of this 
system is able to immerse in the virtual environment and thus feel as if he or she is in a real 
environment. The goal of VR technologies is to enhance such sense of reality. 

Characteristics of VR are visualization, immersion, and interaction [5]. Visualization refers to 
the ability of the user to look around the virtual environment. Immersion refers to the degree of 
concentration on the virtual environment independent of its real-world counterpart [3]. 
Interaction refers to the user’s degree of control of the virtual environment with equipment such 
as sensors [6]. 

1.2.VR Technology 

VR technology is comprised of display, tracking, rendering and interaction user interface 
technologies [7]. Display technology enables immersion through the five senses of human, of 
which vision and hearing compose the majority. Tracking technology tracks down a person’s 
movement such as hand or foot movements, reflecting those movements in real time. Rendering 
technology focuses on a realistic visualization of the virtual environment. Major rendering 
programs for VR are Unity 3D and Unreal Engine. Lastly, user interface and interaction 
technology aims to control the virtual environment through equipment such as controllers. The 
below table summarizes each VR technology. 

2. VR APPLICATIONS IN URBAN TOURISM 

The potential of VR application in urban tourism has long been debated [8]. One of the issues 
was that if VR would act as a supplement or a substitute of the pre-existing tourism activities [3, 
4, 8, 9]. These debates sums up to a conclusion that virtual tours are not a threat to pre-existing 
form of tourism because of the two aspects; it increases tourism accessibility of the elderly and 
the disabled, and the authenticity of virtual tour falls behind that of real tour. Thus, virtual tour 
can be regarded as one type of tourism. 

VR is applied in specific areas of urban tourism: planning and management, marketing, 
entertainment, education, accessibility, and historic preservation (Guttentag). Types of VR 
applied in urban tourism are non-immersive VR, semi-immersive VR, and fully-immersive 
VR [10]. Non-immersive VR are based on desktops and 2D-displays. Semi-immersive VR is 
generally comprised of numbers of 2D displays, one big display, or projections onto the floor 
or walls – this kind of system is often referred to the CAVE (CAVE Automatic Virtual 
Environment) system. Fully-immersive VR uses HMD (head-mounted displays) that blocks the 
surrounding real environment to influence the user, which enables the user to fully immerse 
into the virtual environment. 

 



Seoul National University 

 

281 

Table 1. VR related technology. 

Type Description 

Display Technology Enables user to experience immersive contents with the 
five senses 

Tracking Technology Tracks biometric data of user within immersive contents for 
real-time reflection 

Rendering Technology Enables high quality/definition image expression of the 
virtual environment 

UI & Interaction Technology Enables user to recognize, control, and navigate within 
the immersive contents 

Thus, the frame of the analysis is formed as figure 1 below. The paper will look into cases VR 
applied in urban tourism, further classifying them by applied áreas and types of VR systmes. 

2.1.Rome Reborn® 

Rome Reborn® is a platform in which one can experience the ancient city opf Rome [11]. First 
conceptualized in the 1990s, Rome Reborn® has underwent three versions up to date, in which 
the last one enables a fully-immersive virtual tour with an educational guide around the 
Colosseum, the Pantheon, and the Forum. The tour may be taken at any place where a desktop 
environment with HMD exists. 

2.2.Tower of David Museum Virtual Tour 

The Tower of David Museum is another VR-applied tourism destination [12]. The museum, 
like Rome Reborn® offers fully-immersive VR tour with HMD rentings. However, it 
differentiates in that people experience the fully-immersive virtual environment at the tourist 
destination, which strengthens and enriches by lively experiencing the city of Jerusalem of 
2,000 years ago. 

2.3.First Airlines VR Travel 

Located in Tokyo, Japan, First Airlines is a facility that offers virtual tour around the world. 
The interior designed as an airplane, users can enjoy a virtual traveling environment along with 
fully-immersive virtual tours of famous tourist destinations such as Paris, London, New York, 
etc. 

2.4.Walt Disney Imagineering (WDI) Digital Immersive Showroom (DISH) 

DISH is one of WDI’s VR contents of its theme park [13]. With high-definition video output 
and projection onto the walls and the floor, the DISH enables users to experience semi-
immersive VR as the 2D screens are extended to 3D space. 
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Figure 1. Applied areas of VR in urban tourism and its typology. 

 

Figure 2. Rome Reborn®. 

 

Figure 3. Recreated virtual environment of Jerusalem. 

2.5.Tabula Rasa’s 360 Travel VR 

Tabula Rasa is a South Korean travel start-up company that produces 360° videos for virtual 
tours. Over ten tourist destinations in South Korea has been recorded in the form of 360° videos, 
enabling anyone with access to Internet to enjoy virtual tours. 

3. THEORETICAL BACKGROUND 

5 cases of virtual tour have been reviewed in this paper. Each case can be categorized, but not 
limited to, the subareas of urban tourism and types of VR system.  
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Figure 4. Virtual tour using HMD. 

 

Figure 5. Interior of First Airlines. 

 

Figure 6. Virtual tour using HMD. 

Generally, one case exhibits characteristics of more than one subarea. The table below 
categorizes each case by the aforementioned frame. 

Among the reviewed cases, Rome Reborn® was the case with the most overlapping subareas 
of urban tourism: marketing, education, accessibility, and historic preservation. Its goal is not 
only to perform destination marketing but also to enhance historic importance of the tourist site.  
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Figure 7. Recorded 360° tour videos. 

Virtual tour at the Tower of David share similar aspects, as it provides educationally guided 
VR tour around the old ruins of Jerusalem. However, unlike Rome Reborn®, the tour is 
provided on-site, which limits the aspects of marketing and accessibility. 

Fisrt Airlines provide not only entertainment but also accessibility, in which people can enjoy 
cheap virtual tours from a remote, fixed place. The accessibility, however, is limited in a sense 
because users have to visit the facility to enjoy these tours. DISH is another example of virtual 
tour providing entertainment, but it can be experienced only at the Disney World. Its contents 
and the application of semi-immersive VR system differentiates with First Airlines 

Lastly, 360 Travel VR by Tabula Rasa is one of the most easiest and efficient ways to 
experience virtual tour perform destination marketing. It can also be utilized in planning and 
management activities for the database includes various tourist destinations, allowing efficient 
tourism planning and research. 

Most frequently appearing applied area is accessibility, following with education and historic 
preservation. Accessibility generally accompanies non-immersive VR system, while education 
and historic preservation is go along with fully-immersive VR system. 

4. CONCLUSION 

VR technology is emerging as an important tool in enhancing and supplementing contents 
within many fields. It is an essential part in the materialization technologies of future smart 
cities, in which cities around the world are starting to adopt digital twin system through the use 
of VR technology. As the technology is utilized in areas of 5G network, video game industries, 
shopping and logistic industries, and various medi contents, market size and revenue of VR is 
rapidly increase and still has great potential in its growth. 

Urban tourism, which is a sub-field of media contents, is an area in which application of VR is 
also rapidly increasing. In order to review such trend, this paper went over the essentials of the 
concept of VR and its comprising sub-technologies, addressed VR applicable tourism subareas 
and system typologies, and analyzed cases of VR-applied urban tourism according to the 
aforementioned categories.  
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Table 2. VR in urban tourism and its system typology by case. 

Case Applied Area 

Planning & 
Management 

Marketing Education Entertainment Accessibility Historic 
Preservation 

Rome Reborn®       

Tower of David       

First Airlines       

DISH       

360 Travel VR       

Table 3. VR in urban tourism and its system typology by case. 

Case Typology 

Non-immersive VR Semi-immersive VR Fully-immersive VR 

Rome Reborn®    

Tower of David    

First Airlines    

DISH    

360 Travel VR    

It is found that cases of similar applied-subareas is coherent to certain type of VR system 
technology. For instance, accessible VR tourism generally tends to include non-immersive VR 
system, while educational guided-tours are fully-immersive.  

Although VR technology is a prospective future technology, the key point to its success lies not 
only in the technology itself but also in the contents. Together, virtual environment and contents 
that greatly resemble their real world counterpart will attract more people. 

This research has contributed to assessing current VR technology applied to virtual urban tourist 
destinations. For there is a lot of potential to develop along side with various other technologies, 
VR technology and its related field requires professional communication and collaboration. 
Further research and quantification of cases will be needed in order to address desirable and 
profitable model of urban tourism. 
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ABSTRACT 

Due to the development of information and communication technology, big data such as social network data is 
actively being used for research in the field of spatial information. As a result, new phenomena are being 
discovered by analyzing spatial structure and distribution based on data on big data. Based on this trend, this study 
identifies location patterns and analyzes spatial characteristics based on data from major popular restaurants on 
SNS, thereby identifying the aspect of spatial distribution caused by the tendency to select places due to the 
development of information media. The sites for the study are selected as the six major metropolitan cities in South 
Korea, and the process of the study is as follows. First, by processing the data of SNS applications, popular 
restaurants in each metropolitan cities are extracted in order of rank, and search frequency variables are processed. 
Second, the location and distribution of popular restaurants extracted are mapped to GIS to identify the form of 
spatial distribution. Third, through the correlation analysis of “search frequency” and “adjoined road” of each 
restaurant, the spatial distribution characteristics of them are discussed in detail. 

Keywords: SNS, social network service data, place selection, urban structure, correlation analys 
 

INTRODUCTION 

Research background and purpose 

The process of urban growth and decline and consequent changes in land use are important 
subjects of study both in terms of academic and institutional setting. Thus, theories for grasping 
the principles of urban formation and structural change have been established since modern 
times in accordance with the modernist trend, and standardized land-use, high-density 
development, and automobile-centered planning have served as the key concepts in urban 
planning-related policies and projects. Contrary to this trend, Jacobs talked about conditions 
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such as mixed-use, short-block, and walking pedestrian-centered planning, and emphasized the 
need for a transformation of conventional urban structure techniques to create an active city [1]. 

Meanwhile, the recent increase in the use of information and communication technologies such 
as the Internet and SNS has led to the emergence of big data with location information, which 
suggests new research directions in the areas of urban geography and spatial information. Big 
data makes it possible to analyze large amounts of spatial information, making it easier to 
identify the people’s selection of places online and the resulting spatial structure and patterns. 
At the same time, it also measures how much information and communication technologies 
themselves work as factors that affect location selection and spatial structure. However, as 
recent studies only identify the frequency of keywords or macroscopic spatial distribution 
within big data, more detailed analyses are needed. 

Therefore, this study carries out an analysis with the aim of identifying the spatial patterns and 
their characteristics of place selection that appear in social network data. It also seeks to 
determine whether that pattern conforms to traditional urban structural theory. Through a series 
of processes, we expect to further enhance the influence of information and communication 
technology in selecting a place today. 

Research method 

This study reviews theories on place selection and spatial structure, and identifies prior studies 
on the effects of information and communication means on space. Six metropolitan cities 
(Gwangju, Daegu, DaeJeon, Busan, Ulsan and Incheon) in South Korea will be selected as the 
spatial scope for the post analysis, and the analysis target will be “restaurant”[2] where social 
network data is found to be the most correlated with actual data among commercial functions. 
All research processes are conducted individually for each city, considering the different data 
conditions being extracted from different cities. 

First of all, mining social network data of D company applications, which are most frequently 
used as popular restaurant business platform in South Korea, to extract the names and addresses 
of restaurants in six metropolitan cities in a popular order. It then utilizes the search frequency 
extraction function of the N portal site to process the “relative search frequency” data of the 
extracted popular restaurants to create variable for further correlation. Second, by mapping 
popular restaurants through GIS, the location relationship with downtown and commercial 
areas along with spatial distribution patterns is analyzed in terms of spatial distribution. Third, 
in order to derive specific local characteristics, a correlation analysis is conducted between the 
“search frequency” and “adhesion road” variables of the popular restaurants in each 
metropolitan city. 

1. THEORETICAL CONSIDERATIONS 

1.1.General theories about place selection and spatial structure 

Burgess, who presented the first general theory of urban spatial structure to Chicago in the 
U. S., explained the “concentric theory” that cities grow from central to concentric to five 
districts [3]. In a similar vein, Christaller, who studied the location of commercial functions, 
established a theoretical theory that commercial functions occur within the city and its location 
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is determined by hierarchical pattern [4]. These theories were based on a number of studies of 
central and urban spatial distribution in the process of urban growth. As an example, Hoyt 
typically emphasized the “sector theory” of regional differentiation along the main road 
network based on the central location [5]. Also, Harris and Woolman argued the “multiple-
nuclei theory” that cities grow not around a single nucleus, but around multiple separate nuclei. 
They said factors that result from a multi-nuclear structure include the need for specific 
locations or specific facilities, the aggregated benefits between similar activities, and the 
location incompatibility between heterogeneous activities [6]. Multiple-nuclei theory is that 
functions tend to be concentrated in the center, but some functions are independently located 
according to the factors mentioned above, which in fact is the basis for the phenomenon of the 
present multi-nuclear city pattern and certain commercial and business functions appearing in 
the new city having exceptional position. The actual phenomenon study of this multi-nuclei 
process appears in the relatively recent study of Berry’s ribbon pattern theory. By analyzing 
U. S. cities in the mid-20th century, Berry revealed that as traffic in the city developed, 
independent suburban commercial districts expanded in a ribbon along the main road, away 
from what conventional central business theories call nuclear-type commercial areas [7]. In 
conclusion, it can be seen that since the concentric theory and the central theory revealed the 
law that commercial function centers exist within a city, the theory has been developed by 
continuous study of the factors and the resulting spatial structure pattern that influenced the 
selection of places of people over time. In this regard, the development of information and 
communication technologies today is largely a factor in the people’s selection of places, which 
requires a study of the resulting spatial structure pattern. 

1.2.Precedent researches 

The synthesis of big data such as social network data and urban spatial analysis has been 
relatively active in the field of spatial information, mainly within urban geography. In 
particular, research using big data in the field of spatial information appears to have been the 
beginning of the study by Sui and Goodchild [8]. They forecast location-based social network 
data to develop more rapidly in the future, noting the convergence of such data and GIS will 
become a key challenge in the space information sector in the future. Since then, many studies 
have been conducted at the inside and outside of the country on the characteristics of space 
distribution utilizing big data, showing that most of the studies have used location-based social 
network data from Twitter and flicker data. Li et al. used location information from Twitter and 
Flicker data to identify spatial distribution across the United States [9], while Shin Jung-yup 
looked at the spatial distribution of Twitter data to King County, the United States [10]. As for 
domestic research, Park Jae-hee [11] and Koo Ja-yong [12] once analyzed the distribution of 
space represented by Twitter data in the Seoul city. Most of these studies identify the spatial 
distribution characteristics of Twitter’s social network with location information by pre-
processing it after mining, and evaluate the results by comparing them with real metrics. 

There are also a number of studies that used social network data called Foursquare as problems 
arose in the representation and location of social network data such as Twitter. In the case of 
Hong [13], the spatial distribution characteristics of Foursquare data of Seoul City were 
identified by the density analysis and hot spot analysis, and identified the spatial distribution 
characteristics for the entire South Korea [14]. Also, Koo identified the characteristics of 
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commercial space by category in the Foursquare data of Seoul city [2]. A series of studies have 
the significance of collecting and refining big data to present a new form of spatial distribution 
in the existing spatial information field, but, in fact, only to macroscopically derive the 
distribution characteristics by calculating spatial density based on the frequency of the data 
itself, there is a limit to not specifically look at spatial characteristics in terms of urban planning 
and design. 

A comprehensive review of prior studies shows that there is a need to use place-based social 
network data that is different from existing studies, and to look beyond the analysis of the data 
itself to the spatial characteristics of urban planning implications. 

2. RESEARCH TARGET AND METHOD 

2.1.Spatial target 

The scope of the space in this study covers 6 metropolitan cities (GwangJu, DaeGu, DaeJeon, 
BuSan, UlSan and InCheon) in South Korea. The population and geopolitical status of 
metropolitan cities is as shown in Table 1. 

All 6 metropolitan cities are cities with a population of more than one million, representing 
each region. However, the situation in which population and density differences exist in cities, 
as shown in Table 1, shows that there is ample room for the restaurant’s spatial distribution and 
its characteristics to vary from one city to another. The Seoul City, the capital of South Korea, 
was excluded from the analysis scope as it was judged that the characteristics would not easily 
appear when it tried to grasp the distribution of restaurants, as it functions as a mega-city with 
a population of nearly 10 million, and the commercial district itself was largely formed around 
individual stations along the subway. 

2.2.Analysis target 

The target chosen to figure out the trend of selecting a place is a “restaurant business.” The 
restaurant business accounts for the largest percentage of social network data and is a highly 
correlated data classification based on location-based social network data compared to actual 
business survey reports [2]. It is also known to sensitively reflect the public’s preferences and 
tendency to select places among commercial-related functions. Therefore, this study aims to 
identify the public’s tendency to select places by studying the restaurant for the 6 metropolitan 
cities. 

2.3.Using data 

There are many different media that affect the selection, such as Internet portal sites, SNS 
applications, and TV programs etc. Recently, they have tended to integrate into social 
networking sites using smartphones, and the information circulating here has taken on 
a structure that is once again converging into large portal sites [15]. In this regard, social 
network data from large portal sites and social networks, which manage users’ preferences 
through search words, associations, and search frequency, are of great use value from the 
perspective of this study.  
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Table 1. Population and geopolitical status by 6 metropolitan cities. 

Metropolitan City Busan Daegu Incheon Daejeon Gwangju Ulsan 

Population 
(thousand) 

3,400 2,450 2,939 1,493 1,518 1,154 

Urban Area 
(km²) 

770 884 1,063 539 501 1,061 

Population Density 
(thousand/km²) 

4,416 2,773 2,764 2,813 2,980 1,088 

 
Figure 1. Location of 6 metropolitan cities. 

“SNS from D Company,” a representative restaurant application in South Korea, is opening 
information such as restaurant name and address selected by users in a popular order, and 
“N portal site” provides a function to analyze search frequency of search words relatively. 
Therefore, this study collects and processes big data through the above media to conduct 
a major analysis related to place selection trends. 

2.4.Research method 

First, it extracts popular restaurant business data by each metropolitan city and processes search 
frequency data. First, it extracts data from the top 200 popular restaurants through “D’s SNS” 
and mining restaurant names and address data. Subsequently, the restaurant’s relative search 
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frequency data is processed through the search frequency analysis function of the N portal site 
and considered that to be “search frequency” data on social network data. However, franchise 
restaurants and restaurants whose names are pronouns may be overinterpreted in the process of 
processing frequency data, except for controlling them. Python software was utilized for data 
mining and processing. 

Second, a GIS analysis is conducted to analyze the spatial distribution patterns and locations of 
popular restaurants. After extracting each metropolitan area through the land-use status shp file 
provided by the National Spatial Information Portal of the Ministry of Land, Infrastructure and 
Transport, map the area corresponding to the city center and map the area corresponding to the 
commercial area among the land-use areas to form the basis of the analysis map. And then, 
based on address data, popular restaurants are coordinated through GIS geo-coding. 

Third, correlate the processed “search frequency” data with the “adjoined road” to identify 
specific location characteristics of popular restaurants. In contact road variable case, through 
Land Use Regulation Information Service, collect road data that are encountered by popular 
restaurants and convert that nominal scale data into ordinal scale variable to conduct correlation 
analysis. For this analysis, the data are measured on a ranking scale and the assumption of 
bivariate normal distribution may be inappropriate, so the correlation analysis is performed with 
the Spearman’s rank correlation coefficient. All correlations are executed with the SPSS 
software. 

3. RESEARCH RESULT 

3.1.Mapping of popular restaurants 

The results showing the location distribution of popular restaurants in the metropolitan cities 
are as shown in figures 2. 

Although some clusters are found in downtown and new town areas, it can be seen that food 
companies are evenly distributed throughout the city in all six cities. Of course, if the urban 
centers are relatively strong compared to other cities, such as Busan and Daegu, the clusters are 
rather prominent, but even if they are located quite far from the city center, it can be seen that 
the restaurants are spreading in a distributed aspect. Specifically, Specifically, table 2 shows 
the percentage of popular restaurants in the downtown areas and those in commercial areas. 

In all other metropolitan cities except Daegu, less than 25 percent of popular restaurants are 
located downtown areas. Especially in Busan and Incheon, the rate is less than 10 percent. Even 
popular restaurants located in commercial areas can be seen not exceeding 40 percent in 
Gwangju, Ulsan and Incheon. The ratio was found to be relatively high in Daejeon, Daegu and 
Busan, as those city’s commercial area ratio is estimated to be around 2 percent, with relatively 
large amounts of land designated as commercial areas compared to other metropolitan cities. 

Overall, it can be concluded that the spatial distribution patterns of popular restaurants in social 
network data are very contrasting to the traditional urban planning theory, which should be 
clustered in central(downtown) and commercial areas, and that decentralized spatial 
distribution is occurring beyond the multi-nuclei of commercial functions. However, depending 
on the ratio of land-use areas or the size of cities, there are some differences in their patterns. 
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Figure 2. Distribution map of popular restaurants of each city 

(top: Gwangju, Daejeon, Daegu / bottom: Busan, Ulsan, Incheon). 

Table 2. Percentage of popular restaurants located in downtown areas / commercial areas. 

 Busan Daegu Incheon Daejeon Gwangju Ulsan 

Number of popular 
restaurants (number) 

133 178 145 164 170 159 

Percentage of located in 
donwtown areas (%) 

9.8 41.0 10.0 22.0 19.4 24.5 

Percentage of located in 
commercial areas (%) 

46.6 37.6 22.8 51.8 17.6 38.3 

Percentage ofcommercial areas 
in city (%) 

2.0 1.5 1.0 2.0 1.2 0.7 

Table 3. Percentage of popular restaurants located in downtown areas / commercial areas. 

 Busan Daegu Incheon Daejeon Gwangju Ulsan 

Correlation coefficient −0.178 −0.250 −0.188 −0.179 −0.231 −0.157 

Significance Probability 0.040 0.001 0.024 0.022 0.002 0.048 

N 133 177 145 164 170 159 

3.2.Correlation for analysis characteristics of spatial distribution 

To identify the characteristics of popular restaurants with decentralized spatial distribution 
patterns, identify the size of adjoined roads that each popular restaurant is facing. The large size 
of the adjoined road in urban planning means that it is located on the main road and is easily 
accessible by car, or that it is a commercial area where a large number of commercial buildings 
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are clustered compared to residential areas. For study, a correlation analysis was conducted 
between the “search frequency” variable and the “order scale variable of adjoined road” and 
the results are shown in table 3. 

The analysis shows that in all metropolitan cities, the correlation between the two variables is 
significant, meaning that the value of the adjoined road decreases as the restaurant’s popularity 
increases. These results show that the more popular food companies are, by default, the more 
the blocks they are located inside the pedestrian sidewalks or living areas on a small block basis, 
contrary to the general planning principle that stores should be located on the main road or side 
of the boulevard. It can be judged that this is a new spatial distribution change that emerges as 
popularity of information and communications becomes more important than visual advertising 
effects.  

Furthermore, this trend of spatial distribution in view of social network data actually 
demonstrates some of the principles that Jacobs emphasized for urban vitality, such as “short 
block” and “complexity of use areas” etc. Through SNS, the public prefers the selection of 
a place in a small block with mixed residential and commercial uses rather than simply 
a superblock designated as a commercial area. 

4. CONCLUSION 

In the past, when product information can only be obtained through direct search, the urban 
center was formed with favorable location, depending on the flow of transportation, but it is 
likely to unfold in a different way today, which can be experienced without direct access. The 
purpose of this study was to understand the tendency of people to select places using 
information and communication media and the resulting spatial distribution patterns. 
Combining the distribution of popular restaurant space in social network data is: 

First, the decentralization of popular restaurants is noticeable in all 6 metropolitan cities that 
are studied. The proportion of restaurants located at a distance between old and new town 
centers was significantly higher, and it was often found that they were located independently 
rather than in clusters. Second, it is often located by popular restaurants in the form of intrusions 
into residential areas rather than commercial areas. This is in contrast to the traditional urban 
planning theory of commercial location. Third, based on the location characteristics of popular 
restaurants, they tend to encounter pedestrian-centered behind roads, small and medium size 
roads, rather than large roads with good vehicle accessibility. In conclusion, based on big data, 
analysis of restaurant patterns in metropolitan cities suggests that the pattern of decentralized 
spatial distribution is evident and new spatial distribution patterns that do not conform to the 
urban structure explained by existing theories such as central theory, sector theory and multi-
nuclear theory are occurring throughout South Korean cities. 

The limitations of this study are that although popular social network sites and portal sites were 
used to organize big data, restaurant datas themselves may not be sufficient to explain the entire 
distribution of space. Also, Data available in place selection trend studies such as point of 
passage and frequency of search data have not yet been properly opened to the market, making 
it difficult to use for research purposes. If the degree of openness of data related to people’s 
selection of location and their excavation techniques are developed, the research in the field 
will be more diverse. 
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ABSTRACT 

The cultural form of art exhibition was introduced into China almost in the late Ming and early Qing dynasties and 
flourished during the period of the Republic of China. Affected by the regional social environment and historical 
trends, the development of art exhibition also presented phased characteristics in different historical periods. 
During the republic of China period, Shanghai exhibited the characteristics of cultural integration, and art 
exhibitions enjoyed the most prosperous development. From the perspective of spatial humanities, this paper takes 
the art exhibitions in Shanghai during this time as research object, presenting collected records in a spatial and 
graphical manner on the GIS platform. For different periods, different types of art exhibitions and attributes were 
analyzed to explore the process they evolved with the development of urban culture and their relationship between 
the holding of art exhibitions and art communication. This study is more intuitive to verify that the art exhibition 
in Shanghai is gradually taking shape with the cultural integration in a more local way. The holding of art 
exhibition and the focus of art communication have changed with the development of Shanghai culture and 
commerce. 

Keywords: art exhibition, Shanghai, Republican period, Spatial Evolution 
 

INTRODUCTION 

During the feudal period of China, Shanghai was always on the edge of cultural tradition. After 
opening treaty ports and demarcating concessions, its cultural sources became more and more 
diverse as population composition became more complex. In the second half of the 
19th century, the government of Qing Dynasty sent numerous students abroad to learn 
advanced technology and culture of western countries. Most of these students stay in Shanghai 
after returning home. During this period the cultural development of Shanghai has an obvious 
tendency to be new and europeanized, which is closely related to the gathering of the new 
intellectuals [1]. In the early years of the republic of China, the political chaos, the promotion 
of local autonomy, the establishment of Shanghai special city and the existence of concessions 
made the urban pattern of Shanghai more complex and unique. The increasing diversity and 
inclusiveness of regional cultures have provided favorable conditions for the dissemination and 
exchange of western culture and traditional culture [2]. 
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“Art exhibition” is a kind of special exhibition to display works of art, referred to as art 
exhibition or art exhibition. Due to the early start of modern art development in European and 
American countries and Japan, the development of art exhibition also has a relatively sound art 
exhibition mechanism and a higher degree of popularity among the public. There was no 
concept of “art exhibition” in China before the republic of China, therefore, the term “art 
exhibition” was the result of the introduction of western learning and the product of 
modernization [3]. 

Different from the traditional small gathering of literati and the more private “self-
entertainment” and “introversion” way of art appreciation, art exhibition has the characteristics 
of openness, education and public welfare that traditional art appreciation way does not have. 
Affected by Chinese traditional culture Confucian, Taoist, such as the traditional fine arts works 
to express person to nature yearning for the theme, style is more inclined to free and easy, more 
introverted, the art exchange also mainly revolves around the royal art aesthetic, ordinary 
people and large number of city citizens seldom come into contact with such cultural spread 
and exchange [4]. 

With the development of Shanghai, art exhibitions are becoming increasingly professional and 
localized, becoming part of the recreational life of Shanghai citizens and changing the way 
people appreciate artworks. It reflects the cultural integration of Shanghai. Exhibition improves 
the efficiency and quality of art communication by providing the opportunity for the audience 
to feel and experience the works in close proximity since art communication relies on the 
experience of the original work [5], and gradually it becomes the main way of art 
communication during the republic of China period in Shanghai. At the same time, due to the 
strong limitation of time and place in art exhibition, the spatial and temporal changes of the 
exhibition place can reflect the development process of art exhibition in the urban development 
of Shanghai. During this period, the media means in Shanghai continued to progress and 
develop, and the development of newspapers and publishing industry also left many records of 
art exhibitions for professional reference. 

In recent years there have been more and more studies on art exhibitions and art historians have 
gradually realized the important role of art exhibitions in the dissemination and development 
of art in the republic of China and their important position in the history of Chinese art. Some 
art history and art theory monographs, such as Shanghai art chronology of the 20th century, 
mainly focus on the listing and combing of historical materials [6]. These researches sort out 
historical materials in a chronological order, mostly analyze and summarize the forms and 
exhibition mechanism of art exhibitions in this period based on the records of newspapers and 
periodicals at that time and the evidence of people’s memoirs. Published dissertations and 
journal papers mainly include researches on case of national art exhibition, problems existing 
in modern art exhibition, art exhibition research in specific period (such as Anti-Japanese War 
period) or art exhibitions in specific regions, and the Western Painting Exhibition Development 
studies, etc. In the past, researches on art exhibition mostly stayed at the art exhibition itself, In 
historical analysis, the methods of induction, reasoning and argumentation based on verifiable 
historical materials are often adopted. They did not combine with the external conditions of 
exhibitions and urban development changes, lacking integrity and systematization. 



Tianjin University 

 

301 

This study is based on Shanghai art chronology of the 20th century, so all the artworks 
displayed for exhibition or art exchange activities recorded in the book are designated as “art 
exhibition.” Referring to the research on the development of Chinese art exhibition in the field 
of art history, the art exhibition in Shanghai during this period mainly includes three categories, 
namely performance exhibition, association exhibition and individual exhibition [7]. Among 
them, the performance exhibition refers to the exhibition of teachers and students’ works held 
by art education institutions to publicize their educational achievements. Association exhibition 
refers to the exhibition of the members’ works spontaneously initiated by art organizations in 
this period. An individual exhibition is a display of artworks of one or several people held in 
the name of individuals rather than a unit or organization. From an interdisciplinary perspective, 
quantitative analysis and qualitative analysis are combined to combine human activities with 
urban space, so as to show the changes in the development process of art exhibition in 
a mapmatic manner to intuitively reflect the influencing factors and influencing mechanism in 
the development of art exhibition. 

1. METHOD & DATA 

The Shanghai art chronology of the 20th century has compiled art events from 1900 to 1999 in 
Shanghai, including the holding of art exhibitions, the establishment and organization of art 
associations and educational institution, the recording and reporting of art events by newspapers 
and periodicals. The data collected in the book can roughly reflect the development of fine arts 
in Shanghai in the 20th century. “Shanghai Road and Commercial Record” (Shanghai Welfare 
Business Co., Ltd.—1939 edition / 1947–1949 edition) was used as the base map, and the 
existing vector data of Shanghai road was used locate the specific location. The art exhibition 
recorded in the book was marked as vector point data in the GIS platform and Each point 
represents an art exhibition. The attribute table records the year, month, place of the exhibition 
and the land use of the place at that time, the nature of this exhibition, relevant organizations 
and characters, and art associations related. 

This paper collected the records of art exhibitions from 1912 to 1929 and input the data of 
241 exhibitions into ArcGIS platform. Excle is used for quantitative statistical analysis to show 
the trend over time. The spatial analysis function of ArcGIS can analyze the distribution of 
exhibition sites, the selection of exhibition sites for art exhibitions, and the changes in the 
gathering and development of exhibition sites over time and space. To explore the preferences 
of different types of art exhibitions for holding venues, this paper analyzes performance 
exhibitions, association exhibitions and individual exhibitions respectively. The analysis of the 
land use of exhibition sites can reflect the dependence of art exhibition on an industry or a type 
of organization in the city and track the relationship between art exhibition and other formats 
with the change of time. This method of mapization and spatialization has changed the way of 
historical history to restore history. It can not only visually and objectively display the 
development and changes of art exhibitions after entering Shanghai, and the process of 
localization but can also excavate the spatial changes of the exhibition venue from the analysis 
of the space carrier of the art exhibition, revealing how the development of the art exhibition 
ontology is affected by the development of the city.  
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Figure 1. Art exhibition record database. 

 
Figure 2. Data details. 

Exploring the development of art exhibitions from a new perspective, not only observing the 
ontology of art exhibitions, but also linking the external conditions and social developments 
held by art exhibitions, and examining the development process of art exhibitions in Shanghai 
during the Republic of China from a more comprehensive and systematic perspective. 

However, in this study, multiple art exhibitions held in the same place cannot be directly 
observed through labeling in the layer. Vector points of later art exhibitions will cover the points 
of previous exhibitions, which need to be displayed by means of quantitative statistics and 
kernel density analysis. At present, the completed data only reflect the initial stage of the 
development process of art exhibition in the republic of China period, with a small amount of 
data and limited performance of observation and analysis of some phenomena. The timeline 
operation is slightly more technical. These increase the difficulty of this study. 
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2. RESULTS 

Analyze the data entry of ArcGIS art exhibition, respectively are the finishing time exhibition 
of fine arts in 241 on the whole change trend of time and space, different categories of art 
exhibition held in different stages of site selection, and place to hold the land properties as the 
analysis object of space vector analysis, the results of the analysis shows this period art 
exhibitions and the relationship between the different types of urban space. 

2.1.The overall spatio-temporal gathering and changing trend of art exhibition 

Figure 3 shows that in the statistics of quantity from 1912 to 1929, the number of art exhibitions 
held in 1926 was the largest. The fewest years were 1915 and 1916.The number of art 
exhibitions is on the rise. In 1920 and before there was a small fluctuation in quantity, and in 
1921 there began to be a rapid increase in quantity. It dropped sharply in 1925, and picked up 
a year later with good development. It indicates that the period from 1912 to 1921 was the 
embryonic stage of the emerging cultural form of art exhibition, and it had a preliminary 
development after 1921. In 1925, the employment of nude models in Shanghai academy of fine 
arts caused a large-scale social discussion, which had a strong negative impact on a wide range 
of people. Therefore, the number of art exhibitions in this year dropped sharply. Since then, the 
spread of fine arts culture has entered a state of vigorous development again. 

Figure 4 shows the results of kernel density analysis of the exhibition site. There is one primary 
gathering centers, four secondary gathering places, and some scattered distribution. 
Corresponding map shows that the main gathering place is the location of Association of 
Ningbo businessmen in Shanghai. The secondary centers are Japanese Club, nan Palace 
restaurant, Yuyuan garden, Shanghai Academy of Fine Art. 

Therefore, it is speculated that art exhibitions were mainly held in the following places during 
this period: (1) Resident of social organizations (social welfare organizations such as 
Association of Ningbo businessmen in Shanghai, Education Society of Jiangsu Province and 
Puyi Institute of Learning); (2) Associations founded by foreigners, such as Japanese Club, 
French Federation assembly and other places with rich foreign cultural atmosphere; (3) Art 
education unit; (4) The original traditional literati community, etc. Resident. 

According to the quantitative change trend shown in figure 2, the studied period from 1912 to 
1929 was divided into three time slices, 1912–1925, 1926–1927 and 1928–1929.The number 
of exhibitions held in the three time periods was 111, 60 and 70 respectively. The kernel density 
analysis of point elements was carried out respectively, and the analysis results were obtained 
as shown in figure 5 (The picture on the left is 1912–1925, the middle picture is 1926–1927, 
and the right picture is 1928–1929). A relatively scattered spatial pattern is shown in the left 
figure, and the aggregation phenomenon is relatively average. The main sites clustered in the 
middle picture showed significantly higher influence than the others. The clustering 
phenomenon in the right figure is very obvious. The center of the clustering is very prominent 
and there is little clustering in other places. 

It can be seen that the clustering phenomenon of sites is becoming more and more obvious. 
This is because in the initial stage of art exhibition development, due to the lack of exhibition 
space, often borrow the space of different nature of units and institutions, has a strong 
dependence. 
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Figure 3. Trends in the number of art exhibitions held over time. 

 
Figure 4. Spatial gathering of art exhibition venues from 1912–1929. 

Since then, due to the development of art education and cultural communication, the 
development of art exhibition is more stable. 

2.2.Analysis of different categories of art exhibitions 

Considering that different categories of art exhibitions have different functions and 
directionality (for example, individual exhibitions tend to show and sell individual works of art, 
while performance exhibitions mostly publicize educational achievements and popularize art 
education to the public), the author analyzes their development process separately. 
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Figure 5. Space gathering of art exhibition venues in different time periods. 

Figure 6 is obtained by quantitative statistics, and it can be found that the general trend is similar 
to figure 2. Individual exhibitions came last, but they have been growing rapidly since 1918, 
and the number of individual exhibitions has been the largest ever since. The development of 
community exhibition shows the strongest fluctuation in number. 

In the early days of its establishment, the art association was highly dependent on its founder. 
Due to frequent changes in social, political and economic conditions, the members of the 
association were easily lost. Due to the lack of funds and venues, the exhibition of the 
association could not be held as scheduled [8]. Therefore, the initial fluctuation of community 
exhibition initiated by community members is more severe than individual exhibition and 
achievement exhibition. Art education institutions are relatively stable with the support of 
political forces, so the holding trend of performance exhibitions is relatively stable in three 
categories. 

The performance exhibition category accounted for 49 of the 241 entries. The results of figure 7 
are obtained by kernel density analysis of point data. The above figure shows that most of the 
performance exhibitions are held in the vicinity of Shanghai Academy of Fine Art, some in 
Association of Ningbo businessmen in Shanghai, and other places are also educational and 
cultural institutions. In terms of the convenience of holding the exhibition, the educational unit 
is the first choice, and the space and site can be guaranteed to some extent. In addition, such 
places as Association of Ningbo businessmen in Shanghai can also play a better role in publicity 
since they gather people with a large flow and intensive social contacts. 

Different from the single-center aggregation of the performance exhibition, the 56 records of 
the performance exhibition showed three different areas of aggregation in the kernel density 
analysis. As can be seen from figure 8 and comparing with the base map, association exhibitions 
are often held in three places, Association of Ningbo businessmen in Shanghai, Anle Palace 
restaurant and Yuyuan garden. They correspond to three types of places: local social groups, 
gathering places of western culture communication, and art associations with traditional art 
appreciation. 

In this period, art societies were frequently founded, fell into silence and announced to be 
dissolved, which lasted for a short time. Moreover, it was necessary to expand influence with 
the help of certain external forces. Therefore, it was speculated that the organization of art 
societies held art activities by borrowing the space of other units and institutions. 
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Figure 6. Variations of the number of different types of exhibitions over time. 

 
Figure 7. Performance exhibition and its spatial distribution. 

Different types and properties of art associations may borrow different types of venues, which 
needs further analysis and verification. 

As shown in figure 9, among the selected 75 individual exhibitions, analysis shows that they 
are mainly held in two places, namely Association of Ningbo businessmen in Shanghai and 
Japanese Club. In addition, exhibition venues in the French Federation are clustered around the 
board of trustees. It can be found that individual exhibitions are held in clubs or local groups 
with strong openness to society without social public management institutions. These places 
have a large number of people, which can get a good display and propaganda effect, and can 
also get better cultural communication in a freer cultural atmosphere. 
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Figure 8. Analysis of the distribution and spatial aggregation of association exhibitions. 

 
Figure 9. Analysis of the distribution and spatial aggregation of individual exhibitions. 

2.3.Analysis of the land use property of the exhibition holding place 

According to China’s current urban land use classification standards, the land use of exhibition 
venues in the republic of China is mainly divided into four categories: residential land R, land 
for public management and service facilities A, land for commercial service facilities B, and 
land for green land and square G. 

Detailed classification of Class A land can be divided into administrative office space A1, A2, 
cultural facilities land education scientific research land A3, land for social welfare facilities 
A6 and A8 foreign land, land for religious facilities A9. The land for commercial services 
facilities only divided into commercial land B1 and commercial facility land B2. The results of 
kernel density analysis were shown in the following figure. 
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Figure 10 shows where the public administration and public service facilities that have held art 
exhibitions are distributed in the city. Among these units, Association of Ningbo businessmen 
in Shanghai holds the most art exhibitions, followed by Shanghai academy of fine arts, 
Education Society of Jiangsu Province and Yuyuan garden. 

It can be seen from figure 11 that the distribution of commercial and service facilities with art 
exhibitions in the city is relatively uniform except for the Anle Palace restaurant. The British 
concession had a higher proportion. In the vicinity of Nanjing Road there are some clustered 
and mainly commercial and catering, hotels and other services. 

3. CONCLUSIONS 

The above analysis shows the temporal change trend and spatial aggregation phenomenon of 
art exhibition, proving that art exhibition, a new cultural form, was influenced by urban culture 
and commercial development in the early stage of its entry into Shanghai. Due to the lack of 
external conditions at the early stage of the development of art exhibitions in Shanghai, art 
exhibitions that have not yet been independent have a strong dependence on open public places 
in the city. By virtue of the social exchanges in these places, art exhibitions and art exchanges 
are conducted to expand their influence. With the progress of art education and art 
communication, the urban space mainly represented by commercial land, education and 
scientific research land and social organizations has become the main place for art exhibition. 
Different types of beauty exhibitions also have different preferences for venue selection, and 
art exhibitions are becoming more and more specialized. 

The quantitative analysis method of this study transforms historical data into vector data in GIS, 
and analyzes the phenomenon of exhibition through spatial analysis and the causes of the 
phenomenon once for all, so as to display a series of development changes of art exhibition 
more intuitively. It should be noted that a small number of art exhibition records that were not 
identified in this study were not included in GIS and included in the analysis. In the following 
research, these sites need to be identified and processed together with existing data to increase 
the scientific rationality of the research. At the same time, due to the insufficient amount of data 
at present, it is impossible to analyze each type of exhibition in a more detailed way and 
different land types. 

In the overall kernel density analysis of art exhibition, we found that the east side of the 
racecourse along the Xizang road may be the collection of art exhibition, which may be related 
to the use of racecourse as the earliest social public space. Meanwhile, through the analysis of 
the nature of land use, it is found that there are many art exhibitions held on commercial land 
along Nanjing Road. In addition, there were no high-end restaurants or large department stores 
in Shanghai from 1912 to 1929.The emergence and development of these places play an 
important role in the urban business pattern. Meanwhile, due to their superior physical space 
conditions, these places are also very attractive for art exhibitions. As a hot spot of social and 
cultural life, the space and time changes generated by the change of urban business center and 
civic life pattern are also worth further exploration. 
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Figure 10. Spatial distribution and detailed classification of art exhibitions held in Class A land. 

 
Figure 11. Spatial distribution and detailed classification of art exhibitions held in Class B land. 
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ABSTRACT 

As the northwest gateway to protect the capital since the Ming dynasty, Juyongguan defense area of the Great 
Wall of China, occupies an important strategic position to resist the invasion of Mongolian nomads. This study, 
firstly examined the management, defense system and operation mechanism of the Great Wall on a large scale, 
then analyzed the defense system of Juyongguan Pass defense system in regional scale. In this way, simulated the 
site selection conditions of important military facilities in the Juyongguan defense area. Based on digital elevation 
model (DEM), cost-surface analysis as the main methods is used to locate movement paths in context integrated 
topography, land use and historical function of the assets, further, it creates accumulative cost surface which can 
be considered as the spatial influences of military installations with known geographical locations. Combination 
the description of historical assets in the annals and the method mentioned above, then evaluation and simulation 
the relationship of natural environment and military installation which has damaged or cannot be clearly identified 
in ground. The significance of this study is that it provides a “Text-Geography” analysis method for the study of 
damaged cultural heritage. Its innovation lies in the combination of text space and geographical space and the 
scientific method to help delineate the geographical distribution range of damaged cultural heritage assets. 

Keywords: cultural route, location simulation, authenticity, accumulative cost surface 
 

1. RESEARCH REVIEW 

The concept of cultural routes concerns with the overall cultural, it originates from the early 
shift from the focus on the independent heritage to the focus on the larger scale environment. 
The cultural route is conducive to a better understanding of the impact of overall culture on 
independent heritage points, and to the establishment of the relationship between independent 
heritage with overall cultural environment [1].  

International Committee on Cultural Routes (CIIC), a sub-branch of the International council 
of monuments and sites, defines Cultural Routes as: “A cultural route is a land, water, mixed 
or other type of route, which is physically determined and characterized by having its own 
specific and historic dynamics and functionality; showing interactive movements of people as 
well as multi-dimensional, continuous and reciprocal exchanges of goods, ideas, knowledge 
and values within or between countries and regions over significant periods of time; and thereby 
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generating a cross-fertilization of the cultures in space and time, which is reflected both in its 
tangible and intangible heritage[2].” 

1.1.Question and research definitions 

As an observation perspective from the overall environment, “cultural route” is not only 
a collation of background data of large-scale cultural, economic and political exchanges, but 
also a further investigation and analysis of heritage sites in small and medium-sized space. At 
present, the spatial division between the existing cultural heritage and the vanished cultural 
heritage is rather vague. Especially for the vanished cultural heritage, it is a problem that how 
to locate its spatial position, how to determine its completion and destruction time, and how to 
determine its interactive relationship with other heritage sites. 

This study interprets the authenticity of cultural routes through the spatial layout, spatial 
structure and historical functions of physical elements such as natural environment and artificial 
facilities, and uses geographic information system (GIS) for spatial analysis, so as to construct 
spatial relations for the existing and vanished cultural heritages on cultural routes. Taking 
Juyongguan defense area of the Great Wall of China as an example, this study explores and 
extracts the management mechanism of military installations as heritage sites at the beginning 
of their establishment and presents the logic of site selection of these heritage sites, so as to 
provide a scientific method to evaluate and delimit the spatial distribution range of heritage 
sites. 

1.2.Research objectives and significance of study 

The purpose of this paper is to “cultural route” on the cultural heritage of the research provides 
a kind of “text—geography” analysis method, the innovative performance in the combination 
of text space and geographical space, its importance lies in the future will be further discussed 
has been damaged or can’t locate the cultural heritage of the geographic distribution, and 
provide a more reasonable logic and meet certain space text links, more perfect on the auxiliary 
“cultural route” protection of space construction. 

2. RESEARCH METHODOLOGY 

According to the above discussion on the authenticity of “cultural routes,” this study attempts 
to explore a more systematic and scientific scheme by referring to the methodology and 
technology in landscape archaeology. The most important part of the research is the analysis of 
geographical space, the interpretation of the text and the combination of the two in a reasonable 
way to interpret the spatial distribution of the site.  

2.1.Landscape archaeology and GIS 

Comparaed with archaeology, landscape archaeology pays more attention to human activity 
patterns and their relationship with the environment in a wide range, as well as the relationship 
between human activities in different settlements. Archaeologists are interested in by looking 
at the indicators of “subjective” to understand the social power and geographical spatial 
relationships, such as the experience of the ancients and their perception of physical space and 
social environment, so that, in turn, through the experience of environment and facilities, human 
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thought can be simulated, even by some indicators to modeling to better understand the logic 
of human beings [3]. 

2.2.Cost surface modeling 

Cost surface analysis is mainly used to simulate the resistance generated by the environment 
and simulate the movement path. Terrain, land use and artificial facilities can comprehensively 
influence the results of cost surface analysis. Depending on the research environment, different 
modes of exercise may need to be considered, such as the choice of walking or riding in 
a carriage, which will produce different cost surface models. 

Terrain is generally considered as a more stable landscape element [4]. Terrain calculated by 
DEM usually includes slope and slope direction information, which can be used to further 
simulate vegetation cover and hydrological environment. 

Vegetation cover plays a certain role in the friction cost during the march. Different vegetation 
features, such as forest, meadow, plain, farmland and swamp, all have different energy 
consumption. 

2.3.Movement simulation 

This study is mainly based on the internal management mechanism and facility location logic 
of Juyongguan defense area of the Great Wall, and its motion simulation mainly relies on the 
terrain analysis of geographical space and the interpretation of text materials. The mode of 
movement includes the exchange of materials and military forces between cities of different 
levels and the same level, and the mode of passage considers two modes of transportation: 
walking and horseback riding. 

2.4.Technology 

The “distance” module in ArcGIS tool is adopted, and the “path distance” tool is adopted most 
in this study. The “cost distance” tool is suitable for simpler cases, such as the uniform 
resistance generated in all horizontal and vertical directions during movement. However, due 
to the fact that different terrain, land cover and space control force of artificial facilities all 
affect the cost of passage in the actual movement process, it is necessary to consider the 
horizontal and vertical resistance changes in the passage process more carefully. Therefore, the 
concepts of anisotropy and isotropy are introduced. 

Although “shortest path” computing tool is provided in ArcGIS, motion is considered as a more 
complex behavior in reality, so “corridor” is mainly adopted to locate the scope of motion. 
Mapping the geographic corridor to the distance description in the text material creates and cuts 
a more accurate and small area to determine the location of the facility. 

2.5.Isotropy and anisotropy 

It is necessary to classify the properties of terrain, land cover, artificial facilities and other 
parameters that constitute the cost grid. Isotropic traffic costs are mainly determined by the 
roughness of the surface and the surface cover, and the resistance is constant when crossing 
these areas. Anisotropy and artificial facilities such as elements, including terrain for terrain, 
under the condition of different slope and slope direction, can make a difference in energy 
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expenditure, facilities and service range is more complex, the definition of control depends on 
the nature of the traffic facilities of space, for the enemy attacker will produce a great repulsion, 
for our logistics management and the defense personnel will produce larger gravity [5]. 

2.6.Horizontal and vertical factors 

For urban facilities, horizontal factors may influence the barriers created by walls or make roads 
more accessible. The range value of angle should also be considered in different traffic modes. 
For example, in the walking behavior, the upper and lower cutting angles are mainly set as 50° 
and −55°; in the carriage traffic mode, the upper and lower cutting angles are mainly set as 30° 
and −30°. 

2.7.The system framework 

Figure 1 shows the system framework. 

3. CASE OF THE HENGLING OF JUYONGGUAN DEFENSE AREA 

Juyongguan defense area as the capital of northwest portal, made a huge contribution to against 
invasion. In the past dynasties recorded, Juyongguan has never been positive attack of the 
storm, it serves to show its special defense system. This study selects Hengling in Juyongguan 
defense area as the research object to discuss its historical function and special geographical 
location in the defense area. 

3.1.Background of Hengling 

The frontier military defense system in the Ming dynasty was composed of military settlements, 
beacon towers, post stations, guard posts and gateways, etc., which constituted a strict, complete 
and systematic military defense system. In terms of management system, it was divided into 
five levels: Zhen city, Lu city, Wei city, Suo city, Bao city [6]. In Juyongguan eight line of 
defense, Hengling as the west Hengling line 14 pass main command city [7]. Of the eight lines 
of defense, the number of passes ranks the third, all of which are made up of out-passes and all 
of the grades are for rush purposes. So Hengling defense line in the whole Juyongguan defense 
area is no less important than Juyongguan city itself in the middle line.Among the cities at the 
same level, Hengling, Changyu and Zhenbian border city formed a “Tripod” defense pattern, 
and the three passes formed a solid triangular defense mode. Once the invading enemy forces 
arrived at Hengling, the additional troops from Changyu and Zhenbian edge could be called to 
quickly support Hengling in the form of two sides encircle. 

3.2.Process of basic data 

This study used a 1:50,000 scale topographic map, covering about 1600 square kilometers with 
Juyongguan as the center. Based on the contour lines and elevation points on this topographic 
map, a high-resolution DEM derived from TIN was created, and a DEM raster map with 
a resolution of 10 meters was generated by re-sampling. This accuracy will be helpful to further 
discuss the construction of cost surface model at regional scale. 
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Figure 1. The system framework. 

3.3.Cost surface modeling 

This study used a 1:50,000 scale topographic map, covering about 1600 square kilometers with 
Juyongguan as the center. Based on the contour lines and elevation points on this topographic 
map, a high-resolution DEM derived from TIN was created (figure 2), and a DEM raster map 
with a resolution of 10 meters was generated by re-sampling (figure 3). This accuracy will be 
helpful to further discuss the construction of cost surface model at regional scale. 

In ArcGIS, the “path distance” tool is used to take the DEM with a resolution of 10 meters as 
the surface raster data. And the slope and slope direction data derived from DEM are set as 
horizontal and vertical parameters to calculate the cost of the real surface distance under the 
walking condition of Juyongguan and Hengling (figure 4). 

Based on the calculated path distance and backtracking link of path distance, the cost corridor 
from Juyongguan to Hengling, the cost corridor from Hengling to Changyu as well as Hengling 
to Zhenbian are calculated respectively (figure 5). 

Military defense construction in the Ming dynasty had a relatively complete system for the use 
of horses. In order to meet the needs of war and frontier defense, the system of horse 
administration was formed in the Ming dynasty, which was an important part of national 
defense construction. Due to the importance of Hengling in Juyongguan defense area mentioned 
in section 3.1 above, the cost model of Hengling under different influencing factors is further 
focused. Horse-drawn carriages may be used to reinforce troops and carry urgent messages. 
Therefore, based on the cost surface in section 3.3.1, the vertical influencing factors are further 
restricted. Taking 30° and −30° as the cutting angle of energy consumption reaching the 
maximum value, the cost corridor and cost path of Juyongguan crossing to Hengling in the case 
of carriage are calculated (figure 6). It is found that the distance between Juyongguan and 
Hengling is significantly greater than the walking path if horses are used. 
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 Figure 2. TIN. Figure 3. DEM. 

   
 a. JYG. b. HL. 

Figure 4. Path distance. 

  
 a. JYG_HL. b. HL_CY. c. HL_ZB. 

Figure 5. Corridor. 

The construction of the Great Wall not only resisted the invasion of foreign enemies, but also 
provided certain convenience in our internal management and logistics supply.In the traffic 
perpendicular to the direction of the Great Wall. The Great Wall may still exist as a certain 
traffic obstacle, thus increasing the resistance in the horizontal direction.  
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Figure 6. Cost corridor between JYG and HLC by horseback riding. 

However, because the traffic direction from Juyongguan city to Hengling is basically parallel 
to the direction of the Great Wall, the situation of the Great Wall as an obstacle is not included 
in the calculation in this case. Because the terrain in Juyongguan defense area varies 
significantly, the location of the Great Wall may also be used as a walking path in steep terrain, 
whether riding on the wall or along the foot of the wall. It is necessary to calculate the cost of 
the Great Wall as a channel (figure 7). 

According to the calculation, it is found that traveling along the Great Wall can reduce the cost 
in some areas, but in some areas, the terrain effect is adopted as the cost surface model, so there 
may be some “detour” in the calculated results. Through the analysis of the cost distribution, 
there is a more convenient traffic condition, that is, move along the relatively smooth southwest 
terrain to the vicinity of A range, and then continue to travel along the Great Wall. 

3.4.Analysis results 

According to the summary of Fang Yu, “Hengling is 47 Li in the south of the state. Jiajing, 
enemy troops tried to invade us from here. Than we have troops guarding it.” According to the 
text, the distance between Juyongguan and Hengling is 47 Li. According to the measurement 
formula of the Qing dynasty, it is known that 1 Li is equal to 560 meters today. After calculation, 
it is concluded that the distance between Juyongguan and Hengling is about 26320 meters in 
today’s unit. In the above geospace calculation, the cost model that takes walking as the main 
way of passage is selected, and the shortest cost path simulated is exported to KML file. The 
distance is about 24000 meters after measurement in Google Earth. Through comparison, it can 
be seen that the geographical space distance is close to the distance described in the text 
materials. According to the comparison of current road traffic conditions (figure 8), it can 
basically be judged that this path is a traffic path from Juyongguan in the Ming dynasty to 
Hengling. 
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Figure 7. Corridor between the Great Wall and JYG/ HL. 

 
Figure 8. Comparison between the simulated geospatial route and current traffic road. 

4. CONCLUSION AND DISCUSSION 

4.1.Contributions and limitations 

The main share of this study lies in the innovation of methodology, which adopts the form of 
mutual verification of “text-geographic space” to carry out the logical deduction of cultural 
heritage site selection. In this study, the existing sites are analyzed and calculated by using the 
cost surface model to get the real surface distance which is consistent with the description of 
text materials. This approach provides a framework for assessing the authenticity of the site 
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from its spatial distribution to its environment, bridging the gap between text and space to some 
extent. 

The method also has certain limitation, such as surface model of the cost of checking ability 
remains to be further improved, text material description of the path distance at different times 
have different. Such as “Xiguan” in Ming dynasty recorded the distance of geographical space 
distance is far greater than generally, and basically stable at about three times, and the distance 
of the Qing dynasty recorded in the square and summary and real surface distance could be 
better [8, 9]. So how to choose the appropriate text materials for the next step calculation 
remains to be further consideration. With the improvement of accuracy of model calculation 
and text analysis ability, the traceability and evaluation of site selection logic of cultural 
heritage sites on cultural routes will be further developed. 

4.2.Further research 

This study tries to explore the logic of site selection of cultural heritage within a smaller area 
under the background of cultural route, and tries to provide a more scientific spatial division 
for the protection of cultural heritage in the future. At present the research object is known to 
exist between the cultural heritage of the check and evaluation, the future will continue to the 
following work, first, to further evaluate the social relationship between the cultural heritage 
known network, second, and observing the ancient calculated by using NDVI vegetation, assess 
whether can with the composite surface model, the cost of the third, according to the current 
architectural cultural heritage site simulation of has disappeared. In order to provide a more 
diversified discussion way for the research on the authenticity of cultural routes. 
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ABSTRACT 

Richeto C. Alcordo (1944–2017) was an influential Filipino architect, National President of the United Architects 
of the Philippines (UAP). This research acknowledges his successes in translating international trends and 
achievements of architecture into the Filipino culture. His occasional dependence from foreign consultants also 
undergoes analysis. He is highly appreciated for establishing a modern legal/social network of architecture and 
urban design in the Philippines through the architects’ professional organization. The research finds the following. 
To a First Hypothesis: All his residential buildings were designed without foreign consultants but with Filipino 
clients who desired for Postmodernist motifs. Alcordo adapted these in a highly personal and Filipino way. To 
a Second Hypothesis: His public buildings without foreign consultants recall a strong influence of Boston City 
Hall design’s Brutalism. His subdivisions, again without foreign consultants, offer an urban model combining 
individual Western-oriented lifestyle and Filipino community feeling. To a Third Hypothesis: His biggest public 
buildings are successful but with dependence on foreign consultants. To a Fourth Hypothesis: As UAP President, 
through a dynamic promotion of global, national and provincial influences, he managed to revive architecture and 
urban design in the Philippines. The research ends with recommendations for a more fruitful future cooperation 
between local and foreign architects, respectively urban planners in the Philippines. 

Keywords: Alcordo, United Architects of the Philippines, architecture in the Philippines, foreign architectural 
consultants, architect-of-record. 

 

1. RATIONALE 

This paper offers a case study of a prominent architect’s lifework who ventured into a dramatic 
and complex display of complete and incomplete shares of design influences in his country. 
Power play in Philippine architecture is commonly discussed among architects but there is little 
published scholarly research. 

2. RESEARCH METHOD 

The research method is a case study, an in-depth look at Alcordo’s life and experiements, 
formally handled on basis of four hypotheses. After an introduction to Alcordo’s life and 
influences, the research starts identifying four scenarios of his professional practice. His activity 
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as National President of United Architects of the Philippines (UAP) is added as a fourth 
scenario. Following an inductive method, the first line of premises is the researcher’s 
observations regarding the physical appearance of Alcordo’s projects which are matched with 
a second line of premises: his design ideals in order to evaluate how he responded to influences. 
The conclusion asserts the presence and validity of Alcordo’s lifework. This research ends with 
evaluation, endnotes and references. Regarding research interest, its first basis was the 
researcher’s work with Alcordo (at the firm FARLYD Architects). In March 2017 he agreed on 
a research on his lifework. After interviews, the researcher went to Manila in May 2017 to 
check Alcordo’s built works and his documents at United Architects of the Philippines (UAP) 
headquarters. Before Alcordo could have checked this paper, he died on December 6, 2017 [1]. 
All mentioned places are in the Philippines unless differently stated. 

3. HYPOTHESES 

In order to realize the variety of professional responses Alcordo gave in a power square between 
clients, architects-of-record, foreign consultants and independent designers, four hypotheses 
were set up.  

- First Hypothesis: His residential buildings combined Filipino sensitivity with foreign 
influence for local clients. 

- Second Hypothesis: His public buildings without foreign consultants for local clients 
show a unique and convincing creativity. 

- Third Hypothesis: His biggest public buildings designed under foreign consultants 
resulted in incomplete shares of design inspiration and responsibility. 

- Fourth Hypothesis: As UAP President, through a dynamic promotion of global, 
national and provincial influences, he managed to revive architecture and urban design 
in the Philippines. 

4. ALCORDO’S STRUGGLE FOR FILIPINO IDENTITY IN GLOBAL CONTEXT 

Richeto C. Alcordo was born in Carcar, Cebu in 1944. After graduation at Cebu Technological 
Institute (CIT) and apprenticeship he went to work to Manila under famous Filipino architect 
Gabriel Formoso. But soon he left for postgraduate studes at Harvard University, US from 1968 
to 1970: 2 years for academic studies and 2 years practice. During this studio time he 
contributed to the famous (and controversial!) Boston City Hall design of 
Kallmann,McKinnell&Knowles [2, 3]. Then he worked at the renown Huygens and Tappe 
architecture firm in New York [4]. After he returned to his beloved Cebu, he started teaching 
architecture. Then again in Cebu, he founded his private practice RCAlcordo & Associates 
(1973–2017) which he later moved to the capital city, Metro Manila. Small successes led to 
bigger commissions. He designed an interior and shop facade for Winchells’ Donut fastfood 
restaurant at Farmers’ Market at Araneta Center, Manila. Then he left for Malaysia to design 
hospitality buildings. He returned to Manila in 1980 where he became National President of the 
profesional organization United Architects of the Philippines (UAP) (1991, 1992). At the peak 
of his career, Alcordo moved his office in 1995 to an even more prestigious location in Ortigas, 
Manila. 
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A set of three condominiums (Lo urdes Condominium for Lourdes San Diego, Metro Manila) 
brought prominent clients to his office. He he made several schemes for Fernando Zobel de 
Ayala, one of the leading developers in the Philippines. Through him Alcordo already entered 
an influential circle: businessman Jack Gaisano commissioned him to design a big and at that 
time pioneering department store in Cebu: the Metro Gaisano extension at Colon Street. 
Gaisano also introduced Alcordo to Mr. and Mrs. Manuel H. Osmeña, influential developers 
for whom Alcordo first successfully designed a residence at Corinthian Gardens (Quezon City), 
then became architect-of-record of their huge projects: the Waterfront Hotel Mactan (Lapu 
Lapu City) and Waterfront Hotel Lahug (Cebu City). Thus Alcordo reorganized his Cebu office, 
in addition to Manila which he later gave up keeping Cebu only. After the Waterfront Lahug 
construction finished, Alcordo dissolved his Cebu office, returned to his native place Carcar 
City (40 kilometers from Cebu), and joined Farlyd Architects in Cebu to be part of the design 
of the Learning Resource Center at University of San Carlos (USC-LRC) in Cebu City, the 
biggest library building in the Philippines. Later he was serving Carcar City government and 
ventured into private projects. He undertook regular trips for future projects and dreamed of 
a growing practice. But the cancer was stronger and he died in December 2017 [2]. 

5. A SYSTEM OF CONTACTS IN ALCORDO’S DESIGN PRACTICE 

In his practice Alcordo experienced a system of contacts [2] with three sorts of design 
contributors: architects-of-record, foreign architect consultants and free creative architect 
designers. Regarding clients, Alcordo experienced three types of them. To the first type of 
private clients belong those who commissioned him for private purposes: residential buildings. 
The second type is corporate clients who trusted Alcordo without foreign consultants. Here 
belongs (just at the end of Alcordo’s life) a governmental client, the City Government of Carcar 
City, Cebu. The third type is corporate clients who forced Alcordo to work under foreign 
consultant architects. Regarding “architect-of-record,” Philippine Law (RA 9266) defines this 
as follows. “‘Architect-of-record’ means the architect registered and licensed under this Act, 
who is directly and professionally responsible for the total design of the project for the client 
and who shall assume the civil liability for the plans, specifications and contract documents 
he/she has signed and sealed” [5]. Thus the situation when the foreign consultants are dictating 
is actually disapproved by Philippine Building Law. The three types of design contributors and 
the four types of clients have generated three scenarios in this research. 

6. FIRST SCENARIO: AS ARCHITECT FOR PRIVATE CLIENTS 
HE DESIGNED RESIDENTIAL BUILDINGS 

6.1.Alcordo’s residential designs: Filipino sensitivity with foreign influence 

“Shared Space,” a design concept that minimizes segregation of rooms, was striking in 
Alcordo’s practice. For this, Alcordo usually assigned a central area which was extended in 
different horizontal and vertical directions, in manyfolding ways through a variety of 
covered/uncovered terraces, galleries, music rooms, office rooms, or even servant functions like 
kitchens. In the Brojan Residence (Cebu City), this central area is shaped in an “L” form of the 
living room and the dining room, respectively completed to a rectangle shape by the swimming 
pool with garden. The house entrance leads the visitor to the middle of the composition. Up to 
the end of his life, Alcordo retained this scheme. However, the bigger is the structure the more 



24th Inter-University Symposium on Asian Megacities 

 

326 

complex form this central area took up. A good example for this is the Yusingco Residence at 
Beverly Hills (Cebu City): its whole ceiling of the central space opens up into a skylight. Its 
lower level flows over to covered and uncovered terraces located on the top of servant rooms 
like kitchen, maids’ quartiers, and the like. Similarly, the higher level has also extensions with 
glass walls overlooking the garden. 

“Most architects work in two dimensions. I wanted three-dimensional sculptures” [2]. Alcordo 
shared not only floorplans in two dimensions but the buildings’ verticality as well. Examples 
manifesting this feature are two-, or three-story high rooms with a system of galleries, 
skylight/clerestory windows to change the space’s appearance through mystical lights, 
changing ceiling surfaces/heights, cascading windows varying their size in vertical dimension, 
stairways, and other details. Living rooms connected to swimming pools by sliding glass doors 
add to the complexity. This openness and tribute to nature ensured succes for his competition 
entries, like at the prestigious Manila Polo Club Townhouses. In terms of function, the above-
mentioned characteristics of Alcordo’s architecture manifest an influence of Portman who 
considered the lobby a hotel’s “internal lung,” giving visitors a breather from the congested, 
grubby, possibly dangerous streets outside [6]. 

6.2.Alcordo’s postmodern inspirations 

The residential buildings of Alcordo show a clear similarity to formal expressions of the non-
ornamental, non-classicizing but geometrical Post-Modernism. In the international trend of 
such Post-Modernism the use of fragmentary references, distortions, diagonals (instead of clear 
straight lines) is prevalent. This kind of postmodernism is not recalling the past but tries to 
accept distortions, fragilities and imperfections as part of human existence—on the contrary of 
the straight, clear and authoritative lines of Modernist Minimalism. Important representatives 
of this Post-Modernism are Hans Hollein [7] and Mario Botta: European architects with a strong 
echo in the United States where Alcordo definitely saw photos of their works. Thus not a direct 
influence is assumed but an indirect.  

Alcordo’s shared physical spaces matched with his design ideal which is openness. His private 
clients with contacts to the Western world appreciated the architect’s updated “highly eccentric 
kind of elegance,” “revealing character” (referring to Hans Hollein), “powerful 
monumentality,” “self-assured essays in geometry,” “pensive” and “deeply sensuous” character 
(referring to Mario Botta) in Alcordo’s buildings. However, these edifices are not copied! They 
are genuine Filipino buildings. They follow the rules of tropical design, they are tailored to the 
lifestyle of Philipine middle-class or upper-class owners of these buildings. This is why after 
so many years the owners still live in these buildings. 

7. SECOND SCENARIO: AS ARCHITECT FOR PRIVATE CORPORATE  
AND GOVERNMENTAL CLIENTS HE DESIGNED PUBLIC BUILDINGS 

With foreign inspirations present but without official foreign consultants, Alcordo managed to 
design several other structures fully on his own. These are playful designs. A prototype for 
playfulness is the Ong Residence at Maxilom Avenue (Cebu City). Convex round cylinder 
segments are adapted on the building as decoration, in intersection with the basic box massing. 
Since the building is of mixed fuction providing a penthouse home on the top for the owner 
family, in the upper storeys of the building some volumes were “carved out” from the basic 
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shape. Round corners are present on Cathay Hardware building in Cebu City—in intersection 
with plain surfaces. This structure, shaped in Brutalist way, has a pioneering functional 
arrangement as the first “mall-like facility” in Cebu. Playfulness is also a way how Alcordo 
tried to design expressive but never realized buildings: “Guitar House” (Mactan island, Cebu), 
“Japanese Retiree House” (Argao, Cebu). There was a company that chose Alcordo as its 
corporate architect. First Consolidated Bank (FCB) commissioned him to build its headquarter 
in Mandaue City (Cebu) [8]. This success resulted in further commissions like a subdivision in 
Bohol island. In this scenario, the private corporate clients entrusted whole projects alone to 
him. The physical appearance of these building types manifest both playful (but not Disneyland) 
Postmodernist and Brutalist features—in a way which he never used in the residential buildings 
of the First Scenario. Here the clients' claim for Return of Investment (ROI) did not alienate 
Alcordo from these projects [9]. 

After having reeestablished his office at his home Carcar (Cebu) he designed Carcar City Hall, 
this time again without foreign consultants. This last work connected with a plaza was highly 
influenced by one his very first professional experiences, Boston City Hall. As a masteral 
student, Alcordo was part of the architectural firm Kallmann, McKinnell & Knowles which 
designed Boston City Hall. “City Hall Plaza in Boston, Massachusetts, is a large, open, 
unadorned public space in the Government Center area of the city ... in front of Boston’s new 
City Hall building. The multi-level, irregularly shaped plaza consists of red brick and 
concrete” [10]. Another source reports: “Completed in 1968, the Brutalist style city hall bridges 
the public and private sectors of government through a gradient of reveal and exposure that 
allows the public to become integrated, either physically or visually, into the daily affairs of the 
governmental process” [11]. With striving after independence, freedom, and an open central 
space which is connected to a public plaza in front of the building, Alcordo’s Carcar City Hall 
encountered the same controversies as the one in Boston. 

8. THIRD SCENARIO: AS “ARCHITECT-OF-RECORD” 
FOR PRIVATE CORPORATE CLIENTS  
HE DESIGNED PUBLIC BUILDINGS 

Since Alcordo was successful in commissions without foreign consultants and as President of 
the architects’ professional organization, his rich clients involved him in very big projects. 
However these projects were already under foreign design consultants because of design size 
and intended foreign users. Although not with pleasure, Alcordo accepted these commissions. 
He is even known through these huge buildings he distances himself from them. As only 
architect-of-record he considered these works deteriorated by compromises in favor of foreign 
consultants, by later changes initiated by owners, or by insufficient execution of his design. The 
strongest examples are the Waterfront Hotels (Mactan and Lahug, both in Cebu). For 
Waterfront Lahug a Malaysian architecture firm was the foreign consultant. Alcordo got rather 
free hand with the inside of the buildings, and the site development but the owners entrusted 
the facade planning to the foreign architects. Return of investment (ROI) dictated that 
Waterfront Mactan was intended to be in Modern Vernacular and Waterfront Lahug in 
Postmodern with Disneyland elements. Although Alcordo frequently used abstract 
Postmodernist elements but in Waterfront he was forced to another type of Postmodernism 
(perhaps similar to that of Robert Stern). At Hilton (now: Moevenpick) Hotel in Cebu he had 



24th Inter-University Symposium on Asian Megacities 

 

328 

to follow the concept of a predecessor designer who was fired through a personal conflict with 
the owner. But even in these buildings, Alcordo still responded to the design challege through 
adding elements of his imagination, Filipino identity, and environmental commitment. Most 
foreign architects appreciated his interiors. But the outside appearance, which for the foreign 
companies was important for attracting clients, was mostly taken away from Alcordo [8]. 

9. FOURTH SCENARIO: AS UAP PRESIDENT 

His ideal was a unifying leader. “His earlier work in the hierarchy of the UAP system, and his 
commendable patience in waiting by the wings until the opportune time presented itself for him 
to be able to serve, manifested a genuine inner resolve to successfully scale the leadership 
ladder” [12]. With stress on architecture as a public activity, he was serious about justice and 
injustice in the profession. After a national depression which followed the collapse of the 
Marcos regime, an iconoclast war against the “court architects” of Marcos, Filipino architects 
needed a leader who could animate and reinsert the Philippines in the circulation of Asian 
architecture [13]. In fact, as UAP President through a dynamic promotion of global, national 
and provincial influences, he managed to revive architecture and urban design in the 
Philippines. 

10. CONCLUSION 

In retrospect, the research finds that the hypotheses were proven, in the following way.  

- First Hypothesis: In the First Scenario, all his residential buildings were designed 
without foreign consultants but with Filipino clients desiring for shared space and 
Postmodernist motifs. Alcordo realized these in a personal way. Here, for private 
residential commissions of private clients, he could express this openness because 
precisely this globalized Filipino life feeling was the one what the clients wanted. 

- Second Hypothesis: In the Second Scenario, private corporate clients entrusted whole 
projects alone to him. Together with his subdivision designs, again without foreign 
consultants, these projects offer an urban model combining individual Western-
oriented lifestyle and Filipino community feeling. His only governmental building, 
again without foreign consultants, recall a foreign influence of Boston City Hall 
design’s Brutalism but in a way of Filipino identity. 

- Third Hypothesis: His biggest public buildings under foreign consultants are successful 
but with inadequate shares of design responsibility. However, Alcordo still included 
even here his own environmental and Filipino lifestyle considerations. 

- Fourth Hypthesis: As UAP President, he managed to revive architecture and urban 
design in the Philippines after the Marcos period. 

11. RECOMMENDATIONS 

The researcher recommends the following.  

1. Alcordo’s original design documents should be preserved. 

2. His way of sensitive adaptation of foreign influences to Philippine culture should be 
communicated in Philippine architectural schools and media. 



University of San Carlos 

 

329 

3. In the light of Alcordo’s life between globalization and national identity, presence and 
practice of foreign architects in the Philippines should be redefined 
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